@
S
5
o
Q
E

N
P
S

S
3=
e

C

Greetirig

o

Jeasor’s




ICOM HF Transceiver
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High Performance
Maximum Flexibility

The IC-745 Is a full fea-
tured, high performance HF
base station transcelver
with a 100dB dynamic range
receiver. PLUS features
usually found only in more
expensive units.
Compare these exceptional
Standard Features:
® 100KHz - 30MHz Receiver
e 100 Watt RF output / 100%

Duty Cycle {
& Passband Tuning AND IF

Shift
* Adjustable Noise Blanker

(width and level)

» Adjustable AGC

* Receiver Preamp

® 16 tunable Memories with
lithium battery backup

v 145

* Wide selection of filters and
filter combinations (opt.)

¢ Continuously adju
transmit power

® |0Hz/50Hz/1KHz Tuning
rates with IMHz band steps

* |IC-HMI12 Microphone with
Up/Down Scan

Other Standard Features.
included as standard are many
oft?;pmmg’ hamarim -

io
gyperamrs: dual VFO's, RF
speg:a compressor, mnali:jle
notch filter, program ban
, al-mode

Saeich and VOX.

Optlons. Internal IC-PS35
r supply. external IC-PSIE

or IC-PS30 system supply.

|C-SM8 two-cable desk mic,
EX241 marker, EX242 FM
module, EX243 electronic
keyer, IC-SM6 desk mic, and
a variety of filters.

Center
Freq. MHz
2000
9.000
0455
0.455
D.455

-6dB
Width
500 Hz
270 Hz
21 KHz
500 Hz
250 Hz

Fllter
FL45
FL54
Fla4Aa
FL52A
FL53A

The IC-745 isthe only trans-
ceiver today that has so muck
flexibility at a suprisingly low
price...see it at your local
ICOM dealer.

Flrst In Communicatlon

ICOM Amerlica, Inc., 2380-116th Ave NE, Bellevue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas, TX 7522
All stated specifications are approximate and subject 1o change withaut hotice or obligation. All ICOM radies significantly exceed FLC régulations iimiting spurious emissiom. 7451




Nhat To
Look Forin A
Phone Patch

"he best way to decide
vhat patch is right for you
s to first decide what a
atch should do. A patch
hould:

v Give ¢ nm|:|||'[|' control to
the maobile, allowing full
break in operation.

r Not interfere with the
normal operation of your
base station. It should
not require you fo con-
nect and disconnect cab-
les (or flip switches!)
every time you wish 1o
use your radio as a nor-
mal base station.

Not depend on volume or
squelch seftings of your
radio. It should work the
same regardless of what
vou do with these con-
trols.

You should be able to
hear your base station
speaker with the paich
installed. Remember, vou
have a base station be-
cause there are mobiles.
ONE OF THEM MIGHT
NEED HELP.

The patch should have
standard features at
no  extra These
should include program-
mable toll restrict (dip
switches), tone or rotary
dialing, programmable
patch and activity
timers, and front panel
indicators of channel and
patch status

ONLY SMART PATCH
HAS ALL OF THE
ABOVE.

Now Mobile
Dperators Can
Enjoy An
Affordable
Personal Phone
Paich. . .

v Without an
repeater

v Using any FM tranceiver
as a base station.

v The secret is a SIMPLEX
dulll|mlr|'l. The SMART
PATCH

SMART PATCH
s Easy To Install

[0 install SMART PATCH,
onnect the multicolored
‘omputer style ribbon cable
audio, receiver
liscriminator, PTT, and
wower, A modular phone
ord is provided for con-
iection to your phone sys-
em. Sound simple? .

T IS

cost,

expensive

0 nuc

~With SMART PATCH
You are in CONTROL

With CES 510SA Simplex
Autopatch, there’s no waiting
for VOX circuits to drop.
Simply key your transmitter
to take control.

SMART PATCH is all you need to turn your base station into a per-
sonal autopatch. SMART PATCH uses the only operating system
that gives the mobile complete control. Full break-in capability al-
lows the mobile user to actually interrupt the telephone party.
SMART PATCH does not interfere with the normal use of your base
station. SMART PATCH works well with any FM transceiver and pro-
vides switch selectable tone or rotary dialing, toll restrict,
programmable control codes, CW ID and much more.

To Take CONTROL with Smart Patch
—Call 800-327-9956 Ext. 101 today.

®

Communications Electronics Specialties, Inc.
P.O. Box 2930, Winter Park, Florida 32790
Telephone: (305) 645-0474  Or call tolk-free (800)327-9956

» 120

How To Use
SMART PATCH

Placing a call is simple
Send vour
from your mobile (exam
ple: *73). This brings up
the Patch and vou will
hear dial tone transmitted
from your base station
Since SMART PATCH is
checking about once per
second 1o see if you want
to dial, all you have to do
15 key vyour
then dial the phone num-
ber. You will now hear
the phone ring and some-
one answer. Since the en-
hanced control system of
SMART PATCH is con-
stantly checking to see if
vou wish to ld"&. Vo need
to simply key your trans-
mitter and then 1alk
That's right, you simply
key vour rransmitter 1o
interrupt the phone line
The base station auto-
matically stops transmit.
ting after vou key your
mic. SMART PATCH does
nol  require any
tone equipment to control
vour base station, It sam

ACCess IIJI.II‘

ransnmulter,

‘||H'l'!(|l

ples very high frequency
your
receivers discriminator (o
determine if a mobile is
present. No words or sylla

noise present  at

bles are ever lost

SMART PATCH

Is All You Need

To Automatically

Patch Your Base

Station To Your

Phone Line.

Lise SMART PATCH lor:

* Mobile (or remuote base)
to phone line via Simplex
hase, (see fig 1.)

* Mobile to Maobile via in-
terconnected
tions for extended range
(see fig. 2.)

base sta-

lelephone line to mobiie
(or remote base).

SMART PATCH uses
SIMPLEX BASE STA.
TNMON EQUIPMENT. Ulse
vour ordinary base sta-
tion. SMART PATCH
does this without inter-
fering with the normal
usée of your radio

WARRANTY?

YES, 180 days of warran-
ty protection. You simply
can't go wrong
An FCC type
coupler is available for

SMART PATCH.

ac u-p[--||



TH-21AT/A: £600 kHz
cimnle

Kenwood's advanced technology brings you a new standard

TH-31AT/A: 16 Wi
in pocket/handheld transceivers! f T n

TH-41AT/A: +5 M7

57 1) with PB-21,

TH-31AT/A: 220000

TH-41AT/A: 0
ﬁ*}ﬂm FM TRAN

"'l “ IH "

» digit thumbwhee

N and handy top

* HMC-1 ¢

* SMC-30 }

«PB-21
«PB-21H ') mAH ballery
«DC-21 nverter for mot
*BT-2 Kaline hallery case
e EB-2 :xlev 1 1A e/ aiKanr

* SC-8/8T

o TU-6 | i J-tone unit

e AJ-3 thread BMNC temale adapler
«BC-6 K charge

s« BC-2 wall ct r for PB-21H

* RA-BA/9A/10A Sttt k antent
«BH-3 Lol }
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spread spectrum and digital
communication techniques: a primer
Ted S. Rappaport, NONB

a packet radio primer
David McLanahan, WA1FHB

automatic frequency and deviation
tester for packet radio
John W. Langner, WB20SZ

ham radio techniques
Bill Orr, WESAI

AMTOR, AX.25, and HERMES:
a performance analysis of
three systems

Jerome T. Dijak, W9JD

practically speaking
Joe Carr, K4IPV

VHF/UHF world
Joe Reisert, W1JR

annual cumulative index
(1981-1985)

WEMG/’s column, ‘The Guerri Report,”” will return

next month.
134 advertisers index 128 ham mart
and reader service 121 new products
8 comments 6 presstop
98 DX forecaster 5 reflections
132 flea market 8 short circuit
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KENWOOD

...pacesetter in Amateur radio

Incredible Flexibility!

™A Ars 4 riori
\Wi ¥ A eahie il

| I\/] / ! j The “Priority Watch™ mode lets you

| v L i I Yihm ¥, 1 "
S AL ' e . keep an eye on an important channel

when monite rnng other 1[-?-.]I|"‘]\' [535

The TM-211A 2 m and the TM-411A
70 cm transceivers combine ultra-
compact size with an impressive
array of features to give you maxi-
mum flexibility in mobile operations.
The TM-211A and the TM-411A may
be stacked for even more operating

TM—-211A vers 142-149 MHz
TM-411A covers 438-450 MH
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another revolution

We are in the midst of another revolution, albeit a peacefu!l one. Packet Radio and other forms
of digital communications have arrived. Previously staunch users of the various forms of AM and
FM have found themselves drawn into the world of zeros and ones and are talking to each other
with ever-increasing speeds, efficiencies, and applications. For example, on 220 MHz and higher,
up to 5600 characters per second transmission link speeds are both theoretically and legally possible.
Passing the same amount of data on CW would require a sending speed of approximately 60,000
wpm — almost a thousand times faster than Ted McElroy’s long-standing Morse code record.

Of course the proliferation of personal computers has had an important influence on this process,
but | still attribute the rapid growth of this field to the inquisitive, intelligent, and practical mind of
the Radio Amateur. For as soon as the first generation of Terminal Node Controllers (the interface
between the terminal and the radio) became available, user groups formed and began developing
applications ranging from direct message-passing to Packet Bulletin Board Systems (PBBSs).

Though most Packet activity occurs on VHF (in large measure on 145.010 MHz), this does not
restrict transmissions to short distances. In fact, as of this date, a large section of each coast is inter-
linked by a series of digital repeaters, or as they're better known, “‘digipeaters.”’

The startling growth rate of this mode became quite obvious as we prepared David McLanahan's
article, “’A Packet Radio Primer,”” for publication. Space was allocated for the April 10 version of
the East Coast packet map shown on page 33. By September 10, activity increased dramatically and
the size of the map doubled. This represents an increase of approximately 100 percent in the number
of digipeaters, PBBSs, and home stations used predominantly for digipeating.

It seems particularly appropriate to consider this subject this month. December is, after all, a time
of hope and renewal. In the past we’ve seen exciting developments — such as SSB, FM, and com-
puters — make their mark on Amateur Radio. Will digital communications be the next logical step
in this evolutionary process?

Turn the pages of this month’s ham radio and see when and why the different forms of Packet
Radio are appropriately used. And while you're on the subject, see how and why some hams have
been experimenting with spread spectrum transmissions, once the exclusive domain of the military.

To paraphrase a well known soft drink manufacturer’s slogan, ““We're the Packet generation.” Read
on and see where you might fit in.

Rich Rosen, K2RR
Editor-in-Chief

December 1985 5
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THE AVERAGE U.S5. AMATEUR IS JUST OVER 46 YEARS OLD, FCC's analysis of last April’'s Form
6105 indicates. A detailed study of all that month’'s 94632 applications (all new licenses,
renewals, and modifications) shows Novices to be the youngest, with an average age of 38.35.
Techs average 45.13; Extras, 47.3; Generals, S0; Advanced, 51.8. By call areas, 9th district
Novices were the youngest, at 35.6, and O district Advanced the oldest, at S55.

The U.S. Amatew Fopulation Increased Q.65% During FEC's Fiscal 1985 {(ending October 1),
though the number of new Amateurs actually decreased by 7.6%. 17,373 newcomers joined Amateur
ranks last year, while 14,709 dropouts left the year’'s end total 412,587. Largest percentage
increase by license class was in Extras, up 2,344 to almost 38,000.

SOME MEANS SHOULD BE ESTABRLISHED FOR "CERTIFYING® FREQUENCY COORDINATORS on a state or
regiaonal basis, as there’'s apparently no interest in establishing a "National Coordinator,”
FCC Safety and Special Services Chief Ray Kowalski suggested in his comments during the FM
forum at the ARRL National Convention in Louisville. "Certified” coordinators would be those
established and generally recognized for a given area; an eight—-point plan is to be developed
for determining appropriate gualifications and the method of formalizing such certification.
Though the plan is to be published in the ARRL ‘s Repeater Coordinators’ Newsletter when
campleted, the League is specifically NOT participating in developing the plan.

Texas's Recoordination To 20 kHz Spacing On 2 Meters Has Been Completed, with the actual
shift throughout the state expected to be complete by the end of November.

ARRL 'S FROFOSAL TO FERMIT NOVICES FHONE FPRIVILEGES probably won't be worked on at the FCC
until early 19846, meaning that an NFRM won’'t be out until late spring at the earliest. So far
there seems to be considerable division in the Amateuwr ranks on the issue, but the age
figures in ovur lead item certainly indicate some change is needed.

Japanese CFets Have Invaded The Lower End Of 10 Meters, P279JS reports in a letter to the
Southern California DX Bulletin. He 's been hearing Japanese chatter all the way up to 285895
kHz , but without any indication of any "JA" callsigns.

METROFPLEX HAS BEEN NAMED THE FOURTH NATIONAL VEC effective September 19, the FCC has
announced. Metroplex, one of the very first regional VECs, is now actively seeking VEs in
ather call areas. Call Alex Magocsi, WBZMBB, at (Z01) 592-4243 for information.

18 Regional And Three Naticonal VECs Have Expressed Interest In Joining CARE (Council of
Amateur Radio Examining), which is now well along the road toward becoming a viable
organization and expects to be incorporated as a rnot—for-profit corporation under Illinois
law before the end of the year. Jim Beorgias, W?JUG, can provide further information.

AFTERSHOCKS FROM NEWS MEDIA EXPLOITATION OF AMATEUR FREQUENCIES during the Mexico City
earthguake disaster are still going on, with both the FCC and some of the offending news
organizations on the receiving end of complaints by concerned Amateurs. Even some media
people have themselves admitted feeling that the situation went far beyond reason, though
most did not want to be quoted on the issue. Preliminary discussions between the FCC and both
the Radiu and TV News Directors Association and the National Association of Broadcasters have
reportedly taken place, with hope that acceptable guidelines for Amateur Radio/media
cooperation can be set up before the next crisis occurs. The FCC had thought it had defined
the limitations in its Keport and Order on BC Docket 79-47, but a widely distributed industry
interpretation of the FCC’'s action left many in the industry with the impression that Amateur
Radio was for their use pretty much as desired!

The FCC Is Interested In Reports Of Specific Media Incursions during the Mexico City
crisis; they must be first-person and specific enough to be related to a specific news
organization. Send them to Raymond Kowalski, Chief, Safety and Special Services, FCC, 1919 M
St., NE, Washington D.C. 205543 tapes of abuses would be particularly welcome.

The Issue 0f "Non-Amatewr" Use Of Amateuwr Freguencies is an on-going issue that can’'t be
ignured; the recent petition by a low-power TV broadcaster to use frequencies on the 70-cm
Amateur band for TV remotes, and the establishment of a "protection zone" along the Canadian
border for Canadian 420-430 MHz commercial users, are cases in point.

STILLL MORE “HAM 1IN SPACE" OPERATIONS FROM SFACE SHUTTLES are shaping up for next year.
AMSAT member Dr. Ron Parise, WA4S5IR, has been selected to fly on Mission &1E in March, while
Dr. Owen Garrioctt, WSLFL, is scheduled for mission 61k, now set for next September.

GEOSYNCHRONOUS AMATEUR SATELLITES ARE STARTING TO LOOK like real possibilities, accarding
to AMSAT. Earlier, NASA had said it might provide Amateur Radio capability on one of its
Advanced Communications Technology Satellites (ACTS), and now it appears an AMSAT transponder
(“Fhase 4") may find a spot on the same bird. In addition, Arianespace may alsoc be able to
pravide a piggy-back launch oppartunity for an Amateur transponder into geosynchronous orbit.
AMSAT officials are now reviewing the possibilities, with particular interest in
incarporating new approaches and capabilties in an Amateur proposal.

6 December 1985



You may not be able
to solve the worlds problems.
But at least you can listen.

VOLUME TREBLE
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The Panasonic Command Series. With double superheterodyne
tuning, you'll hear the world loud and clear.

Now it's easy to listen in on the world’s hot spots.
With the Panasonic RF-B600 Command Series
FM/LW/MWY/SW receiver.

Its advanced microcomputer-controlled tuner lets
you preset up to nine different frequencies. And reach
them at the touch of a button. Or, press the appropriate
buttons and tune in any desired frequency with direct-
access digital tuning. It'll lock right in to every signal
with a PLL quartz-synthesized tuner. Once tuned in, the
Panasonic double superheterodyne system helps deliver
aclean, consistent signal.

There’s even built-in auto-tuning to let you scan the
shortwave band automatically, as well as manually. All
this means you can tune in Berlin, pick up Paris, or locate
London in an instant. Without dialing all over the band.

Both the RF-B600 and the RF-B300 are packed with
features and built to go anywhere.

The Panasonic Command Series offers something
for everyone. With equipment sophisticated enough to
impress the most =
avid enthusiast, and
automatic features
that get you where
you want to be. Fast.

There's a whole
world out there
that's waiting to be
heard. Tune in to it
with the Panasonic
Command Series. ==—— e

Batteries not included

Panasonic.

just slightly ahead of our time”™



ADVANCED ELECTRONICS APPLICATIONS, INC.
P.0. Box C-2160, Lynnwood, WA 98036

TELEX: 6972496
AEA INTL UW
(206) 7751373
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$79.95 &%

A Realistic Simulation of
On-the-Air,
Morse Code ‘Ragchew’
Contacts (QSOs).

Makes Upgrading of Morse
Skills Easy and Fun

Does Away With Drudgery
Skilled Operators Enjoy
the Realism

Operate Anytime—Re-
quires Only a Commodore
C-64 (or -128) and A TV Set
Removes the ‘*Mystery’’ of
what to Say in On-the-Air
Contacts

Excellent Practice for Be-
ginners and Old **Pro’s"’
Standard Format and Com-
mon Abbreviations Used
for All Exchanges

Send Morse with your key-
board

Select Appropriate QRM
and QRN Levels

Select the Portion of the
‘Band’—Novice or Low
End

Prices and Specifications Subject to Change Without
Notice or Obligation

Two-Way

comments

Dear HR:

In response to KAQGDOE's letter in
the September, 1985, issue of ham
radio (Comments, page 15) | have only
one comment. The total function of
the Novice Amateur Radio license is to
introduce the public to Amateur Radio
Service by giving them simple privi-
leges on a few selected portions of the
Amateur Radio bands and a very sim-
ple but effective mode of transmission
called CW or Radiotelegraphy. Then
it's up to the individual to make that
committment to upgrade to the higher
grade license and more privileges.

Bill Eaton, WB1CXI
Channelview, Texas

something for nothing

Dear HR:

Unlike KAGDOE, | read July's
“Presstop’’ (page 6) with horror and
disgust. The present-day attitude of
rewarding hams for doing absolutely
nothing will be the biggest reason for
the ultimate death of the hobby.

Why are unearned extensions of
band privileges the only thing that can
help encourage these operators?
Aren’t there myriad challenges avail-
able to try the patience and ingenuity
of any class of Amateur today? Will
more '‘entertaining’’ modes give us
any "‘more to encourage us to seek out
our full potential as operators?”’

At the beginning of World War II,
Amateur Radio operators provided a
highly proficient cadre of electronics
technicians and skilled instructors to
the United States. Let me propose a
calamity today. What functions could
a group of Amateurs provide whose

only claim to technical skill is the abil-
ity to box up their equipment and get
it to the United Parcel Service?

| was granted a Class B license in
1947 and, one year later, passed the
Class A examination. Can | now cry
out that | have been a good and faith-
ful ham for 38 years, so | deserve an
Extra Class license? Hell, no! | must get
my old brain in gear and hit the books
and suffer my way back to 20 words
per minute. That is one of the basic
challenges of Amateur Radio. The
frightening thing about “glorified CB
operators” is not only the terrible oper-
ating practices that a lot of them
demonstrate, but the "'something for
nothing”’ syndrome that fosters these
practices.

If a soldier received the Purple Heart
for falling off the back of a 6x6 when
he was drunk, it would degrade the
sacrifice of all the others who proudly
wear that decoration. The time and
effort spent to upgrade a license is vital
to the spirit of Amateur Radio. With
it comes the understanding of the priv-
ilege granted us to use certain parts of
the radio spectrum. And with that
understanding comes the resolve to
operate legally and properly.

| raised my children to realize that
they were due only what they were
willing to expend their time and effort
to gain. There is, and certainly should
be, no free lunch. In like manner, | do
not condone any unearned privileges
for any Amateur Radio operator.

Joe Weite, KH6GDR
Makakilo, Hawaii

short circuit
75-meter transceiver

The PC board art shown in
K1BQT's article, A Compact
75-meter Monoband Transceiver”
(November, 1985, page 13) is
incorrectly sized. For a complete,
corrected set of board art suitable
for reproduction, send a stamped,
self-addressed No. 10 (business-
sized) envelope to ham radio,
Greenville, New Hampshire 03048.




NEW FROM MFJ

$1 4995

MFJ-949C  MFJ's best 300 watt tuner Is now even better|

The MFJ-949C all-in-one Deluxe Versa Tuner Il gives
you atuner, cross-needle SWR/Wattmater, dummy load,
ahtenna switch and balun in a_new compact cabinet.

MFJ’S BEST 300 WATT TUNER NOW GIVES YOU A CROSS-NEEDLE METER THAT READS SWR, FORWARD
AND REFLECTED POWER — ALL AT A GLANCE.

You get quality conveniences and a clutter-free shack at a super price.

A new cross-needie SWR/Wattmeter gives you SWR, forward and reflected

power—all at a single glance. SWR Is automatically computed with no controls to
set. Has 30 and 300 watt scale on easy-to-read 2 color lighted meter (needs 12 V).

A handsome new black brushed aluminum cabinet matches afl the new rigs. Its
compact size (10 x 3 x 7 inches) takes only a littie room.

You can run full transceiver power output—up to 300 watts RF output—and
match coax, balanced lines or random wires from 1.8 thru 30 MHz. Use it to tune
out SWR on dipoles, vees, long wires, verticals, whips, beams and quads.

A 300 watt 50 ohm dummy load gives you quick tune ups and a'versatlle six posi-
tion antenna switch lets you select 2 coax lines (direct or thru tuner), random wire
or balanced line and dummy load.

A large efficient alrwound Inductor—3 inches in diameter—gives you plenty of
maltching range and less losses for more watts out. 1000 volt tuning capaci-
tors and heavy duty switches gives you safe arc-free opération. A 4:1 balun is
built-in to malch balanced lines.

Order your convenience package now and enjoy.

SUPER
KEYBOARD

MFJ-4%
$169.95

Price slashed 50% to $169.95! Get a full feature
Super Keyboard that sends CW/RTTY/ASCII for
the price of a good memory keyer.

You get the convenlence of a dedicated kevboard
—no program to load—no Interface to connect—
just turn it on and It's ready to use.

This 5 mode Super Keyboard lets you send CW,
Baldot, ASCII, use it as a memory keyer and for
Morse Code practice. You get text buffer, pro-
grammable and automatic message memories,
error deletion, buffer preloag, buffer hold.

A 256 character keyboard buffer gives you per-
fect CW even if you '‘hunt ahd peck''. A meter
reads CW speed and butfer remalning. 4 mes-
sage memories lets you store up to 256 charat-
ters. 4 preprogrammed messafjes lets you send
CQ CQ DE, CO TEST DE, DE, QRZ. Has speed
weight, tone ahd volume pots that remembers
their settings even after power is turned off. Send
60 WPM Baudot and 100 baud ASCII.

You can use it as a deluxe full feature memory
keyer that has automatic and programmable
memories, iambic operation, dot-dash memories.
Has ranciom and pseudo rahdom code generator.

Automatic serial numbering, message repea-
ting, tune switch, shielded for RFI. 12VDC or 110
VAC with MFJ-1312, $9.95. 12 x 7 x 32 inches.

CROSS-NEEDLF SWR/WATT
METER MF-815 $59.95

—all at a single
glancal SWR is alto-
matically computed
—no controls to adjust. Easy-to-use push
buttons select three power ranges that give you
QRP to full legal limit power reallings. Reads 20/
200/2000 W forward, 5/50/500 W reflected and 1:1
to 1:5 SWR on easy-to-read two color scale. Light-
ad meter. Needs 12 V. +10% full scale atcuracy.
6% x 3% x 4% inches.

2 KW COAX R
SWITCHES

|mm select any 31995
antenna or rig by '
turning a knob. Or- $29.95 MFJ-17T01

ganizes coax cables

and eliminates plug-

ging and unplugging.

Unused terminais are

grounded to protect

your equipment for stray RF, stalic ahd lightning.

2 KW PEP, 1 KW CW. For 50to 75 chm. Negligible

loss, SWR, and crosstalk gives high performance.

50-23%s. Convenient desk or wall mounting.
MFJ-1702, $19.85. 2 positions. Cast aiuminum

cavity construction gives excellent performahce

up to 500 MHz with better than 60 dB solalion at

450 MHz. Heavy duty, low loss switch has less

than 20 milliohm contact resistance, less than 0.2

dB loss and SWR below 1:1.2. 2 x 22 x 1 Inches.
MFJ-1701, $29.95. 6 positions. White markable

surfate for recording ant. positions. 82 x 1% x 3in.

ANTENNA CURRENT

PROBE mrs-206 $79.95

This new breakthru MFJ Antenna
Current Probe |ets you monitor RF
antenna currents—no connections
needed! Determine current distri-
bution, RF radlation pattern and
polarization of antennas, transmis-
sion lines, ground leads, bullding
wiring, guy wires and enclosures.
* |ndicate transmission line radlation due to high
SWR, poor shielding or antenna unbalance.
= Detect re-radiation from raln gutters and guy
wires that cah distort ahtenna field patterns.

* Detect AF radiation from ?ruund lealls, power
cords or bullding wiring thal can cause RFI.

« Determine I ground system Is effective.

* Pinpoint RF leakage In shielded enclosures.

= Locate the best place for your mobile antenna.
* Use as tuned fielo strenght meter.

Monitors RF current by sensing magnetic fieid.
Uses an electrostatically shielded ferrite core, FET
RF amplifier, op-amp meter circult for excellent
sansitivity, selectivity. 1.8-30 MHz. Has sens|-
tivity, bandswitch, tune controls, telescoping ah-
tenna for field strenght meter. 4 x 2 x 2 inches.

DIGITAL SWR/WATTMETER

MFJ-818
$89.95

Fully sutomatic Digital SWR/Wattmeter reads
SWR 1:110 1:9.9 directly ahd instantaneously—no
SWR knob to set. Huge 0.6 Inch bright orange
digits make across-the-room reading easy. 12
segment LED bar graph wattmeter gives instah-
taneous PEP readings up to 200 walt RF output

Good, bad, mismateh tri-color LEDs Indlcate
SWR condlitlons. Small size (52 x 4% x 1 in.) and
easy-to-read digital display makes it ideal for mo-
bile use. For 50 ohm systems, 1.8-30 MMz, 12
VDC or 110 VAC with MFJ-1312, $9.95,

MOBILE ANTENNA MATCHER

mrsa10 $19.95

Lower your SWR and

get more power Into
your moblile whip for
solid signals and
more QSOs.
Your solid state rig puts out more power and gen-
erates less heat. For 10-80 meter whips. Easy plug
-In Installation. Complete Instructions on how best
to lower SWR. Fits anywhere, 22 x 2 inches

TRIPLE OUTPUT LAB POWER
SUPPLY wrs4002 $149.95

Triple output lab quality power supply gives you
plenty of voitage and current for ali your analog
ahd digital circults. You get 3 completsly Isolated
outputs: 2 variable 1.5-20 VOC at 0.5 amp and a
fixed 5 VDC at 1 amp. Connect Iin serles or par-
alel for higher voltage and current, It's short cir-
cuit protacted, has excallent line (typically 0.01%
/V) and load regulation (typically 0.1%). 2 light-
od 3 Inch precision meters monitor voltafe ahd
current simultaneously. It's ruggedly bullt so
you'll get mahy years of trouble free service. 12 x
3 x 6 inches. 110 VAC with safety ground,

4

for free catalog, over 100 products.

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT SATISFIED, RETURN WITH-
IN 30 DAYS FOR PROMPT REFUND (less shipping).
= One year unconditional guarantee ® Made in USA
= Add $5.00 each shipping/handliing * Call or write

MFJ ENTERPRISES, INC.
Box 494, Mississippi State, MS 39762

continental USA Telex 53-4590 MFJ STKV

TO ORDER OR FOR YOUR NEAREST  pmms
DEALER, CALL TOLL-FREE VEA:“

800-647-1800 o
Call 601-323-5869 in Miss. ahd outside MasterCard

More Details? CHECK — OFF Page 134
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@ ICOM| IC- 27A

SUPER-COMPACT
2 METER MOBILE

| ALso "IC-27H HIGH POWER VERSION |
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SAVE!
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MA-40 40' TUBULAR H.D. MAST

Regular $745
SALE $549

MA-550 55° TUBULAR H.D. MAST

Regular $1245
SALE $899

-Why You Should Buy-+

2. Pleases neighbors wlth
tubular streamlined look

4. Other models at great

IC-471H
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® ALL-MODE
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6
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10 Sq. Ft.
W-51 5899
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quick delivery
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FREE SHIPMENT
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ELH 23D 30 W

CALL FOR PRICE

—

S At it

FT-2700H
NEW!
2M/70CM
TRANSCEIVER
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KENWOOD TS- 9408
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SUPERIOR GRADE
GENERAL COVERAGE

220 MHz's BEST BUY!
REGULAR $449

SALE! s299.95

LIMITED QUANTITIES
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INCLUDING AL ASKA AND HAWAL

RECEIVER
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(714) 761-3033, (213) 860-2040, (415) 451-5757, (619) 560-4900,
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Kantronics out SMARTS™
the competition

Presenting three intelligent, versatile,
compatible terminal units.

"SMART" means an internal microprocessor is used
to improve performance and add versatility. The
“Smart” Kantronics TU's can transmit and receive
CW/RTTY/ASCII/AMTOR or Packet when

combined with your computer and transceiver,

Any computer with a serial RS232 or TTL
port can connect directly to a Kantronics TU.
A simple terminal program, like one used with a
telephone modem, is the only additional program
required. Kantronics currently offers Pac-
term and UTU Terminal Programs for
IBM, Kaypro, Commodore 64, VIC 20, and
TRS-80 Models Ill, IV, and IVP. Disk
version $19.95. Cartridge $24.95.

UTU The Universal Terminal unit (UTU)
is the original “Smart” amateur TU.

CW, RTTY, ASCII, and AMTOR can all
be worked with this single unit.

Switched capacitance filters and

LED display tuning make using the

UTU easy for even the Novice. 12

Vdc 300mv power supply required.
Suggested retail $199.95.

UTU-XT The UTU-XT is an enhanced Packet Communic
the Packet Radio revolution with the

cato Kantronics

version of the UTU. Programmable baud joined

rates, tone frequencies, and tone shifts give Packet Communicator. The unit is an AX.25/
special versatility. Automatic Gain Control and Vancouver compatible TNC with features not
Threshold Correction circuits greatly enhance found in other units, including Direct TTL
sensitivity and selectivity. A RTTY signal connection for easy hookup tothe VIC-20 and
detect circuit mutes copy with no carrier, and Commodore 64. With our onboard modem
the CW filter center frequency and bandwidth you can select either Bell 202 or 103 tones for
are programmable. Power supply is provided VHF/UHF or HF work. Power supply is pro-
Suggested retail $359.95. vided. Suggested retail $219.00.

FOr more intormaton contact yout

Kantronics dealer or write

K< Kantronics



spread spectrum and
digital communication techniques:
a primer

Not quite sure

how speech can be
transformed into a
digital signal?

Read on.

Ever since the inception of Amateur Radio, hams
have kept abreast of the latest and most innovative
methods of communication. From the advent of spark-
gap radiotelegraphy, to the early FM transmitters,
through the 2nd World War — when hams played an
important part in concocting the first reliable pulse ra-
dar systems — to RTTY, SSTV, SSB, satellite com-
munications, and packet radio, Amateurs have been
ardent users of new and fascinating modulation
methods.

In recent years there has been interest in a relatively
new type of communication technique. While the
foundation for this communication method was laid
with the advent of ranging radar, it has only been in
the past 10 to 15 years that it has received so much
attention from both the military and the private sec-
tor. This technique, known as spread spectrum (SS)
is unlike any communication method previously tried
by Amateurs. However, judging by our track record,
it would seem that it's only a matter of time before
we familiarize ourselves with it.

The purpose of this article is to provide an overview
of spread spectrum communications for those not
familiar with it. While the topic is much too broad to
be fully discussed here, the major concepts will be
highlighted in a manner that can, | hope, be under-
stood by those with little math background. As well

as the concepts governing spread spectrum and digi-
tal communications, typical station hardware require-
ments will also be addressed.

why spread spectrum?

One might wonder how and why spread spectrum
evolved, and how it could be applicable to the
Amateur Radio bands. To address the first query, it
is necessary to consider the problems associated with
military communications during World War |l. At the
time, jamming and antijamming techniques were the
order of the day. By 1945 every Allied Bomber plane
was equipped with two jamming transmitters, while
it is estimated that as many as 90 percent of all elec-
trical engineers in Germany were involved in an an-
tijamming program of gargantuan proportion.’

To combat the effects of jamming, spread spectrum
was used to spread the signal out, thereby rendering
narrow band jammers virtually ineffective. In addition,
the fact that spread spectrum could be used with a
low probability of intercept (LP1) made this an ideal
method of communicating while appearing ‘‘radio
silent’”” to conventional receivers.

Today the quest for a signal that cannot be jammed
continues in military circles; commercial applications,
such as banking and private mail systems, require
security. As jamming and intercept capabilities be-
come more sophisticated, methods of communicat-
ing become increasingly complex. Spread spectrum
continues to evolve into a highly complicated mode
of communication. Those fascinated with the history
of radio would find the accounts of the development
of spread spectrum to be very exciting reading. Several
excellent accounts are listed in the references.'23

The above-mentioned attributes hardly seem appro-
priate for Amateur Radio! The FCC rules prohibit any
kind of coded or secure communications, and inten-
tional jamming is a problem we would ideally never

By Ted S. Rappaport, NINB, Box 283, Electri-

Engineering, Purdue University, West

Lafayette, Indiana 47907
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have to deal with. There are several other benefits,
however, that might be of use to us in the future as
the Amateur Radio spectrum becomes saturated with
users. In fact, a look at why mobile telephone com-
panies are considering SS sheds some light on some
of the possible rewards.

In metropolitan areas, where there are many mobile
telephone users in a small area, cellular radio has been
introduced to alleviate the congestion in the mobile
telephone spectrum. In a cellular radio system, as the
term suggests, the city is broken into “cells,” with
each cell having its own multichannel repeater capable
of handling a limited number of users within the cell.*
As the user travels into an adjacent cell, the adjacent
repeater takes over the communication. The cellular
technique has been used to increase the maximum
number of mobile telephone and commercial radio
users from several hundred to several thousand in
many cities across the country. Of special interest to
the industry is the fact that compared to conventional
narrow band modulation techniques, SS has the capa-
bility of supporting a larger number of users for a given
cell size!s

Other advantages that SS offers to both the military
and the mobile communication industry include selec-
tive addressing capability, code division multiplexing,
and interference and multi-path rejection. With SS,
it is possible for a transmitter to selectively communi-
cate to one or several receivers while remaining oblivi-
ous to other users. Also, several stations may use the
same band of frequencies simultaneously without in-
terfering with one another. Since SS signals have very
wide bandwidths, conventional narrow band users
may also use the same spectrum without adversely
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affecting the SS communication. Conversely, the
average power of a SS signal in any narrow band
region is small, so the narrow band modulation is not
severely QRM’ed, either.

As will be demonstrated shortly, SS requires more
complex hardware than does conventional narrow
band equipment; as the spectrum stands today, its use
in Amateur Radio is probably not currently warranted.
However, with increased HF and VHF/UHF activity,
it is conceivable that we may eventually need a drasti-
cally different approach to communications. Progress
has recently been made by hams in such areas as co-
herent CW and packet communications.57-%° The in-
evitable thrust toward digital communications makes
SS appear to be a likely modulation method in the
future.

overview of spread spectrum

Figure 1 illustrates the bandwidth of an SSB speech
signal compared to a typical spread spectrum signal.
As its name implies, spread spectrum is a modulation
method whereby the energy of the transmitted signal
is spread out over a very wide bandwidth. This is quite
unlike SSB or narrow band FM (NBFM), where the
transmitter output has a bandwidth on the order of
that of the modulating signal {the usable audio band-
width for speech is about 3 kHz). However, wide band
FM (WBFM) transmitters have bandwidths that are
many times greater than that of the modulation.
Clearly, though, WBFM is not spread spectrum! This
is where the second important distinction between
spread spectrum and conventional modulation
methods must be made.

A spread spectrum communication system uses a



special generated wide band signal that is independent
of the message modulation. At the transmitter end,
the message modulation (a voice signal) may be multi-
plied by this independently generated signal, and the
resulting mix then transmitted on a carrier. This is
known as Direct Sequence Spread Spectrum (DS).
Another type of SS, known as Frequency Hopping
Spread Spectrum (FH), can be generated by using the
independently generated signal to cause the carrier sig-
nal to frequency hop in a prescribed manner.

It is the independent signal that determines the
amount of bandwidth spreading at the transmitter out-
put. it also determines the immunity the SS signal has
to narrow band interference. This independent signal
is always digital, and is generated by digital logic
devices (such as TTL). The term pseudo noise code
(PN) is used to describe this independent signal since
to an uninformed observer the PN code looks like a
random jumble of 1s and 0s. Actually, though, the PN
code is a periodic sequence that can be easily gener-

13 k3
BINARY BINARY
MESSAGE ADDER ADDER
SAMPLE QUANTIZE MESSAGE
LPF DEMOD b—————0C
RECONSTRUCTION
CHIP CLOCK PN CODE PN CODE LOCAL CLOCK
bl
GENERATOR GENERATOR RECONSTRUCTION
CHIP
cLack
MESSAGE
RECONSTRUCTION
DEMOD
MESSAGE rair DIGITAL FREQUENCY
SAMPLE QUANTIZE FREQUENCY
Lse SYNTHESIZER MULTIPLIER
M-18ITS
FREQUENCY SYNCHRONIZATION|
MULTIPLIER CIRCUITRY
CHIP CLOCK PN COQDE ]
&
GENERATOR
DIGITAL
FREQUENCY
SYNTHESIZER
M-iBITS
PN CODE CLOCK
GENERATOR veo
fig. 2. Spread spectrum transmitter/receiver block diagrams: {4} direct sequence (DS) transmitter and receiver, {B) fre-
quency hopping (FH) transmitter and receiver.
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fig. 3. Digital sampling-time domain analysis: (4) digital
sampling system, {B) speech signal {f, ., = 4 kHz), (C)
representation of sampler action, (D) output of sampler,
and (£} output of low-pass filter (reconstructed
message).

ated by a sequence of shift registers. In order to
recover the original message, the receiver must be able
to reconstruct the same PN code used by the trans-
mitter. When the transmitter and receiving encoding
signals are identical, and when they are synchronized
in time, then the message is detected. Figure 2 illus-
trates block diagrams of spread spectrum transmitter
and receiver pairs for both the DS and FH case. A
more detailed look at the generation of the PN code
is considered subsequently. However, before delving
into the details of SS, it is first necessary to become
familiar with some basic concepts of digital com-
munications.

digital communicaton concepts

Because the encoding signal is digital, spread spec-
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trum can be considered to be a special form of digital
communications. Unlike SSB, AM and FM, which are
analog, continuous time communication methods,
digital communication systems work on the principle
of the sampling theorem.

The sampling theorem, developed by Nyquist in
1924,7° states that a continuous time signal may be
represented by a sequence of discrete time snapshots,
or samples, without any loss of information in the sig-
nal, provided that the samples are taken at a rate which
is at least twice as great as the highest frequency com-
ponent of the original continuous time signal. A basic
relationship which relates the sampling frequency (f;)
to the time duration between successive samples (Tg)
is

1
S5 = Ts (1)

Figure 3A shows the components of a typical sam-
pling system. Figure 3B illustrates a typical speech
signal that has been band limited to have a peak fre-
quency component of 4 kHz. The action of the sam-
pler is shown in fig. 3C. Figure 3D illustrates the
output of a sampler that is taking samples at a rate
of 8000 samples per second (twice the rate of the high-
est message component). Figure 3E shows the
recreated message waveform after the samples are
placed through a low-pass filter having a cutoff of 4
kHz.

In order to lay a foundation for the analysis and un-
derstanding of SS, it is instructive to look at the sam-
pling theorem from a different point of view. In the
early 1800's, Fourier, a famous mathematician, ob-
served that most functions could be represented by
a summation of sinusoids having different amplitudes
and periods. In short, he laid the groundwork for the
development of the celebrated Fourier transform. This
transformation allows one to analyze a signal in the
frequency domain rather than in the time domain.

Frequency domain analysis can directly give infor-
mation pertaining to the bandwidth of a signal. Tables
such as table 1 have been compiled which lists the
Fourier transforms of many common signal
shapes.’'213 By analyzing the sampling circuit of
fig. 3A in the frequency domain, we can better explain
how and why the sampling theorem holds.

From table 1, the Fourier transform of an impulse
sampler is an impulse train in the frequency domain.
Note that in the time domain (fig. 3C), the sampling
action is effectively multiplying the input signal by a
"1 at each sampling instant, and multiplying by 0"’
in the interval between samples. Just as time signals
have Fourier transforms, so do time operations such
as addition and multiplication. The Fourier transform
of a time multiplication is known as frequency convolu-
tion. Convolution is a fundamental concept in control



of the day!

Have you been trawling the bounding main for a new product? We have just
netted 1it—the TP-38 microprocessor controlled community repeater panel which
provides the complete interface between the i ; S T
repeater receiver and transmitter. Scuttle | o -' = t "
individual tone cards. all 38 EIA standard ey - o —
CTCSS tones are included as well as time and hit accumulators, programmable
timers, tone translation, and AC power supply at one low price of $595.00. The $595.00 each
TP-38 is packed like a can of sardines with features,ras a matter of fact the only $59.95 DTMF module
additional option is a DTMF module for $59.95. This module allows complete
offsite remote control of all TP-38 functions, including adding new customers or
deleting poor paying ones, over the repeater receiver channel.

Other features include CMOS circuitry for low power consumption, non-volatile
memory to retain programming if power loss occurs, immunity to falsing, pro-
grammable security code and much more. The TP-38 is backed by our legendary
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TO MATCH YOUR NEEDS

COMPUTER PATCH™
MODEL CP-1

MICROPATCH™ MODEL MP-1

COMPUTER PATCH MODEL CP-100
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COMPUTER PATCH™ MODEL CP-1 —

The AEA Model CP-1 Computer Patch has earned a solid reputation for being the best
overall interface value on the market today. We at AEA have now reaffirmed what our
competitors already know; for the money, the CP-1 cannot be beat! That is why we have
chosen to leave the popular CP-1 in our product line and to introduce new computer in-
terface/terminal units with differing features and performance at different prices.

MICROPATCH™ MODEL MP-1

The new AEA model MP-1 Micropatch represents the best features and performance
available for under $140.00. Featuring true dual-channel filtering of Mark and Space
tones with an AM detector and Automatic Threshold Correction (ATC) circuit, the MP-1
is in a totally different performance class than competitive units that often have only a
single channel filter or no filtering at all.

The MP-1 also offers a high performance CW capability. With respect to the CP-1, overall
performance is nearly as good; but the CP-1 offers a few more advanced features such
‘as variable shift tuning, RS-232 option, and a more advanced tuning indicator.

COMPUTER PATCH MODEL CP-100

The new CP-100 Computer Patch offers all the following exciting features in addition to
the CP-1 features:
e 170, 425, 850 Hz Calibrated Shifts for Transmit and Receive
¢ 75 to 1000 Hz Variable Receive Shift Range
* Normal and Reverse FSK Outputs
e Input AGC
* Direct Coupled Automatic Threshold Control
* Front Panel Squelch
» Discriminator Style Tuning Indicator
e Current Loop Option
¢ Built-in Monitor Speaker
* Baud Rate Switch
Improved AM Detector

Brings you the
Breakthrough!

COMMUNICATIONS

915 North Main Street
Jamestown, New York 14701 (716)664-6345
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table 1. Time functions and their corresponding Fourier transforms.

and communication theory, and is used to express the
output of a system or filter in terms of the input sig-
nal and the system impulse response, (i.e., the
response of the system to a sudden input signal). For
this discussion, it is necessary to know only that the
convolution of a band-limited spectrum (fig. 4A) with
a frequency pulse train (fig. 4B) yields the original
message spectrum replicated at each of the pulse train
harmonics. Hence, by frequency domain techniques,
we find that the output of an ideal sampler is the origi-
nal message spectrum replicated throughout the entire
frequency domain and separated by integer multiples
of the sampling frequency (fig. 4C). By low-pass filter-
ing the sampler output, we can recreate the original
message exactly (fig. 4D). By the same token, we
could bandpass filter the output of the sampler and
also recreate the message, although this is not usually
done.

If the highest frequency of the input message ex-
ceeds one half of the the sampling rate, then an

undesirable effect known as afiasing occurs. As can
be seen in fig. 4E, each adjacent message spectrum
overlaps so that the LPF output is not the original mes-
sage, but rather a distorted signal. With frequency
domain analysis, it becomes clear why the sampling
frequency must be at least twice that of the peak fre-
quency component of the input.

Before moving on, it should be noted that this quick
look at the sampling theorem assumes an ‘‘ideal”’
sampler — one for which the sample durations are in-
finitely small. In reality, the sample durations are small,
but finite. Taking this into account yields similar, but
slightly more complicated, results. Figure 5§ illustrates
the spectrum of the output of a typical “real world"
sampler. As the sample widths become wider, there
is less energy at the higher frequencies. This is why
the sampler is followed by a low-pass filter rather than
a band pass filter. Also neglected here are some ampli-
tude scaling factors that are involved in transforming
between the time domain and frequency domain.
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These subtleties are required in exact problem solv-
ing, but are not important in gaining a good under-
standing of the sampling theorem. Those interested
in the finer details of the sampling theorem and Fourier

transform techniques might find the references help-
fyl 1112131418

data communication

Certain digital communication systems such as
RTTY and packet radio, where the message text is
originated by a keyboard rather than continuous-time
speech, are known as data communication. In this
case the sampling theorem does not apply, since there
is no continuous time signal to sample. However, the
data rate (the rate at which information can be sent)
is a function of the number of bits used to represent
each character, and is also a function of the time dura-
tion of each bit.

For example, the American Standard Code for In-
formation Interchange (ASCII) prescribes that each
keyboard character be represented by a unique 7-bit
data word. The letter i, for example, is represented
by the binary word 1101001. If each bit has a time dur-
ation of 1 millisecond, then any character may be sent
down a channel in a time of 7ms. If a start bit, a stop
bit, and a parity bit are sent along with the data, then
one character can be sent every 10 ms. The data rate
for this set-up would be 1000 bits per second (bps),
or 100 characters per second.* Data communications
of this type are termed ‘‘asynchronous’’ since the
receiver never knows when the sender will depress the
keyboard. The start bit and stop bit are the necessary
overhead to identify each of the keyboard entries. The
parity bit is used to validate the received data. Figure
6 illustrates a complete asynchronous character word
for the letter i.

There is a trade-off between bit rate and occupied
bandwidth of a digital signal. A good rough estimate
is that the required bandwidth of a digital signal is
equal to the reciprocal of the bit duration. For the
previous example, the required bandwidth would be
on the order of

L 1
it 0.001 s

For a faster data rate, more bandwidth is required. In
a band-limited channel, such as a commercial tele-
phone line, there is an upper limit on the bit rate. This
is why home computer modems seldom exceed a data
rate of 1200 bps.'® While spread spectrum is well suited
for either voice or data messages, the remainder of
this article will consider only a voice message. Once
the voice is ““digitized,” it is sent through the channel
in the same manner as data.

BW = = 1000 Hz

*In digital communications the bit rate is the same as the baud rate, so for
this example the data rate is equivalently 1000 baud.
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quantization

From the sampling theorem, we know that it is nec-
essary to send only the voltage values of the samples
rather than the continuous time signal. If the sample
values could be represented in a digital fashion, then
we could take advantage of schemes that have been
developed expressly for digital communication. In
short, digital communications systems are able to out-
perform analog methods because signal reception is
based on distinguishing whether a ‘0" or a ‘1"’ was
sent, rather than trying to recreate a random continu-
ous time waveform directly. Schemes such as error
correction coding and minimum probability of error
receivers can be used to provide far superior perform-
ance when compared to analog communication tech-
niques.

To represent the height of a sample value digitally,
it is necessary to quantize the sample. For binary data
(standard digital logic), the quantizing action truncates
the actual sample value so that each sample is repre-
sented by a fixed number of bits (i.e., every sample
is expressed by N bits) in the time between succes-
sive samples. Since it is conceivable that the samples
can take on a continuum of values, there is some error
introduced by the quantizer. However, if a limiter is
used (to contain the voice signal voltage within the
limits of the quantizer) and if there is a sufficient num-
ber of levels in the quantizer, then this error, known
as quantization noise, is quite small.

The quantizer is an impaortant concept in digital com-
munications. The resolution, or the accuracy in which
a sample can be represented, is directly related to the
N, the number of bits used to represent each sample.
For N bits, there are 2N quantizer levels (sometimes
called bins).

An example is useful to clarify how speech can be
quantized and sent down a channel as a digital bit
stream. Figure 7 demonstrates how the sample values
are assigned data words in a three-bit quantizer
(N =3). Asindicated in fig. 7, there is some error intro-
duced because of the fact that each sample is repre-
sented by only a three-bit word. By using more bits,
each sample can be more accurately represented. Sur-
prisingly, though, even with only three bits of quanti-
zation, intelligible speech can be transmitted.'” Once
assigned a quantization data word, the truncated sam-
ple is converted into 1s and Os and sent down the
channel. The output of the quantizer is known as pulse
code modulation, since the message has been coded
into a train of digital pulses. Since N bits must be sent
in the time between adjacent samples, the bit duration
of the quantized data is

Tbit = (2A)
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fig. 5. Spectrum of output for non-ideal sampling.
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where T is the time between adjacent samples. Since
1
= -5

T 7. {2B)

each quantizer bit duration is given by

1
Tpit= 57 2C
bit Nfs (2C)
Hence, the bandwidth is given by
BW = Nf; (2D}

A practical method of sampling and quantizing is
to use a sample and hold circuit followed by an analog-
to-digital (A/D) converter. The sample and hold is
similar to the ideal sampler, except the sample height
is held for the entire time duration between samples,
and is updated at each new sampling instant. While
the sample value is held at a constant level, it is con-
verted into a digital signal by the A/D converter. The
end result is identical to that of fig. 7.

To recreate the message, the digital bit stream is
clocked into a digital-to-analog (D/A) converter. This
undoes the effect of quantizing which the A/D had

i

l t
7 DATA sTop
BITS 8T

START

8IT PARITY

BIT

fig. 6. ASCII 10-bit asynchronous data character for the
letter i.

upon the original message samples. The D/A output
is then low-pass filtered to transform the reconstructed
samples into the original message.

spread spectrum systems

There are many types of spread spectrum systems.
These include direct sequence (DS), frequency hop-
ping (FH), time hopping (TH), chirp, and hybrid sys-
tems which combine several techniques at once. Only
DS and FH are considered here, since these seem to
be most easily implemented. Common to both of these
types of SS systems is the need to generate and recon-
struct a PN (pseudonoise) code.

To produce the DS spread spectrum signal, a PN
code signal must be produced that has a bit rate (band-
width) much greater than that of the quantized mes-
sage. For FH spread spectrum, it is not so much the
bit rate that matters as does the number of bits used
in a complete cycle of the PN code.

The PN code can be generated by a feedback
arrangement of flip-flop stages. A flip-flop is a digital
device which can store a binary value (either a 0 or
a 1). Flip-flops can be connected in series to form shift
registers. As the term implies, shift registers store
several binary digits and shift them to the left or right
each time an external clock pulse is received.

The simplest PN codes (there are several types) are
known as maximal linear codes, or m-sequences.
These are produced by m-stage shift registers which
use feedback to produce periodic codes that have N
bits before recycling. For an m-stage shift register,
there are N = 2m-1 bits in each period. Figure 8 illus-
trates a three-stage shift register. All three flip-flops
of the shift register are clocked to the right simultan-
eously, and each time a clock pulse appears, a new
binary digit appears at the output. Table 2 indicates
the value held by each flip-flop for a given time inter-

1
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fig. 7. A three-bit word used to quantize sampled data.
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fig. 8. Shift register generator for M=3.

val. Figure 9 shows the digital signal that would be
produced by a standard TTL circuit.

To avoid confusion between the PN code and the
actual message bit stream, the term chip is used to
describe each bit of a PN code. For a chip duration
of t1 seconds, the periodic PN sequence repeats itself
every Nty seconds. For the example shown in fig. 9,
the same chip value would be seen every 7ty seconds
apart.

By changing shift register feedback paths, it is possi-
ble to generate many unique m-sequence codes, each
having a period of N chips. The number of possible
codes is important since it defines the maximum num-
ber of users that can be uniquely addressed, assum-
ing that each user has the same length shift register.
The exact number of unique codes is dependent upon
the number of shift register stages and the possible
feedback paths. In general, the longer the shift reg-
ister, the more unique codes exist. However, as can
be noted in table 3, when the shift registers consist
of a prime number of stages, there is a maximum of
codes for a minimum of hardware.

Modular Shift Register Generators {MSRGs) such
as the MC8504 are available for easy PN code gener-
ation. The MC8504 is a 16-pin chip that features four
stages of an expandable shift register. They may be
cascaded, and additional flip-flops (such as a 7474)
may be added to implement an arbitrarily long m-
sequence. A nine-stage MSRG capable of producing
48 selectable 511 chip codes is shown in fig. 10.

Direct sequence (DS) spread spectrum. As
shown in fig. 2A, the PN code is added with the digi-
tized message (usually PCM) to produce a digital signal
that can be readily modulated. If one of the adding
signals is wide band, then the resulting adder output
signal is also wide band. Since the PCM has a band-
width on the order of the original message, it is neces-
sary to use a PN code which has a bandwidth several
orders of magnitude larger than the message band-
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table 2, Contents of Shift Register Stages for m = 3.
stage 1 stage 2 stage 3
initial contents 1 1 1
clock puise 1 0 1 1
clock pulse 2 0 0 1
clock pulse 3 1 0 0
clock pulse 4 0 1 0
clock pulse 5 1 0 1
clock pulse 6 1 1 0
clock pulse 7 1 1 1
+5v
. o o s o0
o 4 4 b I 4
[4 'l, 21, 3y 4: 5t 61, 7y T ' '
fig. 9. Digital output of three-stage shift register.

width in order to obtain large bandwidth spreading.
For this reason, the chip rate is typically run at speeds
of several Megachips per second (Mcps).

The output of the binary adder is fed into a balanced
modulator. This modulator produces a particular car-
rier phase for a logic “1” and a 180-degree shifted car-
rier for a logic “0.”” Hot-carrier diodes are used in con-
junction with wide band transformers to produce the
final RF signal. Figure 11 illustrates a double-balanced
mixer, which is the most commonly used type of
balanced modulator. The balanced modulator input
and output signals are shown in fig. 12. While the out-
put waveform appears simple in the time domain, fre-
quency domain analysis reveals that there is a wide
band of frequency components centered around the
nominal carrier frequency.

In a DS-SS receiver, just as with any RF receiver,
it is first necessary to bring the modulation down to
baseband. This is accomplished by mixing the received
signal with a local oscillator that is adjusted to the
transmitter’s frequency. Then, the coded signal must
be matched with an internally generated PN code. This
is accomplished by binary addition. If the internal PN
code generator is not correlated with the incoming sig-
nal, the resulting adder output is called code noise.
However, when the internal code is synchronized with
the incoming signal, the output of the binary adder
collapses to the original digital message bit stream. A
manual tuning dial can be used to adjust the phase
of the code generator until synchronization is obtained.
Better yet, a microprocessor can be used to automati-
cally adjust the receiver PN code phase. Once synchro-
nized, the demodulation may be accomplished by
using a D/A converter followed by a low pass filter.
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table 3. Characteristics of M-sequences of various

length.

M stages

maximum number

of unique codes
2
4
6
4
18
16
48
60
176
630
19,200
11,880,000
3.1x 1018

number of chips

per period
7
15
31
63
127
255
511
1023
2047
8191
1,048,575
1,073,741,823
2.3x1018

Since the receiver uses an internal clock signal for code
reconstruction, the low pass filter could be of the
switched capacitor variety.

It is important to note several points of practical in-
terest. Obviously, the receiver must tune to the
sender’s transmitting frequency in order to establish
the possibility of communication. This suggests that
calling frequencies would be advisable for the first
Amateur attempts at DS-SS communication. Further-
more, a standard shift register length (or a few agreed
upon lengths) seems mandatory, since the senders
and receivers must be able to match each other’s PN
code. A fixed chip duration is necessary, too, so that
all stations would be ensured that they could synchro-
nize with the other users.

Before leaving DS-SS, a word should be said about
PN code length. In military applications, where secur-
ity is an important consideration, it is not uncommon
to find PN coding schemes which use shift register
stages of length 40 or greater. If each chip duration
is 1 microsecond, then one cycle of an m =40 PN code
is completed in a time of

10-6 sec

0_ ,
(240 — 1) chips X chip

= 1.1 x 106 sec = 12.7 days

Even if an interceptor listened in on this signal for
several hours, it would appear to be a random jumble
of binary digits. For long codes such as this, it takes
a very long time to synchronize the receiver. On the
other hand, if a shorter PN code is used (say, m=13),
then the entire code sequence is repeated every 8.3
milliseconds! A code having such a short period can
be synchronized quite quickly at the receiver end.

Frequency hopping (FH) spread spectrum. In a
FH-SS system (fig. 2B) there is a narrow band trans-
mission occurring at any given time instant. However,
there is a wide range of frequencies from which the
transmitter may select. The particular frequency select-
ed for use at any given moment is determined jointly
by the digitized message bit stream and the PN code
generator.

The message bit stream is used as the least signifi-
cant bit (LSB) of an M bit data word. The PN code
generator supplies the other M-1 bits. The data word
is then used to determine the additive offset required
to generate the proper frequency. Frequency hopping
takes place over N = 2M frequencies separated by in-
teger multiples of f;, where f; is the gap between ad-
jacent hop frequencies. The repetition rate of the
frequency hopping sequence is determined by the
number of stages in the PN code generator and by the
speed of the chip clock. Since the generator supplies
M-1 chips for each hop, the frequency hop sequence
repeats every

(2m stages — 1) ;X/'Ig_e;)_ 1 hops
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table 4. Indirect frequency synthesizer ICs and their characteristics.
maximum
number of reference divider input

part number frequencies frequency frequency control
Hughes HCTR0347 45 50 Hz-500 kHz 10 MHz 8 bits parallel
Nitron 6410 100 4.00 MHz 1.6 MHz 8 bits parallel
Motorola 145104 256 10.24 MHz 4.0 MHz 8 bits parallel
National DS8906 16384 10.24 MHz 120 MHz 20 bits parallel
National MM55110 1024 10.24 MHz 3.0 MHz 10 bits parallel
Fairchild 11C84 128 10.24 MHz 20 MHz 7 bits parallel
AD-TECH FS-2574 1000 10.00 MHz 258 MHz 10 bits parallel

Figure 13 illustrates a typical FH transmission for the
case of M =3 and a nine-stage m-code generator us-
ing a 1-kHz chip clock.

Typical values for a suitable FH system might be
f1 =500 kHz and M = 3 bits. For this example, the to-
tal RF bandwidth of the system would be

500 kHz separation _
frequency. = 4.0 MH

If the lowest frequency of the transmitter were 420
MHz, the highest frequency used by this system would
be 424.0 MHz.

The frequency synthesizer is the key to an FH-SS
system. Its operating characteristics (such as frequen-
cy range, switching speed, and hop duration) deter-
mine a system’s capability. There are two major
classes of synthesizers, the direct type and the indirect
type. The direct frequency synthesizer uses filters and
mixers and is seldom found in current Amateur gear.
The indirect type uses phase-lock-loops (PLLs) to
generate the desired frequency set. As a rule, indirect
synthesizers are not as quick to switch frequencies,
but are easier to implement.

Figure 14 shows a block diagram of an indirect fre-
quency synthesizer. Those familiar with PLLs will im-
mediately recognize the structure. The reference
frequency, f;, is related to the output frequency, fj, by

Ji=nm X

since the VCO and the feedback loop forces f;/n; to
equa! f;. As can be seen in table 4, indirect frequen-
cy synthesizers, manufactur.- | by several IC compa-
nies, can produce output frequencies above 100 MHz.
To achieve greater frequencies, multiplier stages must
be added.

The duration of a single frequency hop {t,,) may be
longer or shorter than the duration of a message bit.
If the message bit duration is longer than t;,, then the
system is called a fast hop FH system since the hop
rate is greater than the message bit rate. Otherwise,
the system is termed s/ow hop FH. The advantage of
a fast hop system is that if there is interference on one
of the hop frequencies, the garbled message bit may

23 frequencies X
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put signal-frequency domain.

still be present at the next hop frequency. For slow
hop systems, error correction coding is needed since
QRM on a given hop frequency could obliterate several
message bits.

Reception of an FH-SS signal is achieved by syn-
chronizing the receiver frequency with that of the
transmitter's. Once synchronization occurs, the
receiver output is identical to FSK, with the mark and
space separated by f; Hz. The demodulator can con-
sist of band pass filters which are compared to deter-
mine the value of the message bit. The actual message
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is then reconstructed by using a D/A and a low-pass
filter.

Synchronization must be acquired in roughly the
same manner as in the DS case. A computer shifts
the M-1 bit PN code until the receiver tracks the trans-
mitter through each hop. As cited in the DS case, a
shorter PN code period ensures quicker acquisition of
the transmitted signal.

With indirect synthesizer chips and MSRG chips
readily available, it appears that FH systems could be
constructed with slight modification to existing
VHF/UHF gear. Certain standards such as hop dura-
tion, frequency band allocation, and the number of
hop frequencies need to be developed, however.

future of spread spectrum

In late May, 1985, the FCC approved docket 81414,
which allows the use of spread spectrum on all ham
frequencies above 420 MHz as of May, 1986. Tempor-
ary authorizations are now being given to those
Amateurs interested in experimentation.

In less than six months from now, we’ll have a new
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mode of communication unlike any other we've ever
tried. With this new mode, our hobby may take a big
step toward reaching state-of-the-art digital communi-
cation techniques. There's a lot of work to be done,
though; defining protocols for Amateur SS will not
be simple.

conclusion

The world of digital communications is a new, excit-
ing technological field, and the future is being shaped
daily by advances in this area. As Amateur operators,
part of our charter is to increase the reservoir of elec-
tronics experts. While we don’t have to be experts on
digital communications, it's probably good for us to
know the how's and why’s of what is going on around
us. Perhaps this article has shed some light on a sub-
ject that, as timely as it is, has not been widely dis-
cussed in the Amateur Radio literature.

For those interested in learning more about spread
spectrum systems, the definitive reference is Spread
Spectrum Systems, by Robert C. Dixon.'” Dixon’s
book was the first on the topic, and has recently been
revised to include discussions about practical hardware
considerations. Also good is a book just released:
Modern Communications and Spread Spectrum by
C.D. McGillem and G.R. Cooper." This book treats
practically every type of modulation method and high-
lights some of the more important concepts of SS
communication.
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Easy hookup to any repeater

Our new Digital Voice Recorder lets you remotely record ID's, tail messages,
and vanous other response messages lor automatic playback through your
rapealer Audio 1s stored digitally with no-comprormse reproduction guality in
up 'o eight megabits of memory. The DVR can support up to three independent
repeaters for a low per-channel cost Its Touch-Tone activated voice mailbox
lets your users easily record messages for other users when they arent around

QST: Attention All Hams

If you own a shack, you should know about ShackMaster™
ShackMaster lets you carry your home station with you in the palm ol your
hand Il acls as your gateway 10 the world, linking your handheld
rranscerver 10 your high perfarmance HF station Now, instead of your
valuable home equipmen! being available 10 you 1% of the ime,

I's avallable 99% of the ime! Whether around Ihe house, in the yard,

of across lown, ShackMaster lef's

you take il with you

Bu! thal's just pan of ShackMasler's story Il lets you communicate

with the family by handling third party trathc - ils elecironic

mallbox and

intercom et you keep in touch And a simplex patch lets you place

important

QcCC

calls direclly through your home phone

Crossband hnking = VHF/UHF 1o HF
Telephone access 10 your home station
BSR Home Control interface

Electromc Mailbox

ShackPatch™ imtercom info the shack
PersonalPalch™ simplex aulopatch

advanced
computer
controls, incC.

More Details? CHECK — OFF Page 134

equipment in the world, we had some pretty tough
standards to live up to...

LA N ] yours

... and ours.

It your repeater budget can't atford the "850, we offer the
RC-85 Repeater Controller, which we like to call the “second best

repeater controller in the world”

It's a scaled down, simplitied version of

our ‘850, but overall, it offers more capability and higher quality
than anyone elses control equipment at any pnce

L

Remotely programmable with Touch-Tone commands

Over 175 word customized male speech synthesis vacabulary
Selectable “Macro sels” for easy control operator selection

Aulopatch, autodial (200) numbers, emergency autodial, reverse patch
Remotely programmabile informative 1D's (7). tal messages (3)
bulletin board (2)

Supports synthesized remole base transceiver, control réceiver, alarm
Selectable, informalive courlesy lones

Talking S-meter, Two-tone paging

Easy hookup to any repealer

For those who like to "roll their own”, we can get you off 1o a rolling start with
our ITC-32 Intelligent Touch-Tone Control Board Much more

than just a decoder, i's a mini-conirol system of its own, with the basic
repeater and remote base functions buill-in. And it can be talored by you
with its Personality Prom

28 remotely controllable latched or pulsed logic oulputs

4 alarm or remote sensed logic inpuls

Response messages to confirm command entry

Repeater functions including COR, IDer, timers, courtesy tone, etc.
Remote base functions including control of synthesized transcewer

Remotely recordable, vanable length audio fracks

accessed from controller messages

Top quality, no compromise audio reproduction

Suppornts up o three repeaters for cos! effective installation

Expandable to roughly 6 minutes of speech in 8 megabits of memory
Easy interface 1o RC-B50, RC-85 conlroliers, or to any sland-alone repeater

All our products are designed and manufaciured with ingusinal grade

rehability  Little things that many people don't nolice

like machine

contac! IC sockets for all ICs, gold on gold signal connectors,

high pedormance

CMOS for minimum power drain, and transient supression

And the producls are documented with high quality, easy to read manuals
Our goal is 1o advance the state of the repeater art. But most of all,
our products put the FUN back into the FUN MODE!

To order one of these advanced control products, call 408-749-8330 and
speak with Tim or Catherine. Visa and Mastercard accepted

Technical manuals are available for purchase and the amount paid 1s applied
as a deposit on the equipment. For specilications and a copy of our ACC
Notes newsletter, just write or send in your QSL card 10

10816 Norihndge Square

e 102

®  (Cupertino, CA 95014 (408) 749-8330
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a packet radio primer

General information
to get you started

Packet is the most exciting thing to hit ham radio
since voice communication. It far overshadows SSB
in importance, and it will, | believe, have even more
impact on Amateur Radio than the proliferation of
repeaters in the early 1970s.

At its simplest, packet radio resembles radio tele-
type. But there are differences between the two. First,
a packet message is not transmitted as it is being
typed. Instead, the characters are stored in a buffer
and then sent in a block at the transmission speed of
the link — up to 5,600 characters per second (cps) at
220 MHz and higher frequencies, 1960 cps for 6 and
2 meters, 120 cps on 10 meters, and 30 cps for the
low bands. Thus, even in a hot-and-heavy QSO, trans-
mit duty cycle and channel utilization are low.

Second, each packet station “‘knows"’ its own call
and recognizes the messages addressed to it. A num-
ber of QSOs can occur on one channel simultaneously,
yet each station in the connected mode* will have a
screen clear of all messages other than its own
contact.

Third, because of computerized error checking,
you'll see only perfect, noise-and-garble-free transmis-
sions (note that | didn't say “‘error-free’’; | have a
problem with my typing) unless you disable the error-
checking function. And that's just for starters!

digital repeaters

Packets can be repeatered. If you don’t value the
friendship of your fellow repeater users, packets can
be put through your local 34-94 machine, but the rau-
cous buzz will drive the control operator, and anyone
else monitoring, mad. The better method is to use a
digital repeater or “‘digipeater.” This is a very simple
device — just a regular packet station. The scheme
is quite different from a voice repeater. The digipeater
receives the packet signal, stores it in digital form and
checks it for errors. If there are no errors, the digipeater
retransmits it.

All operation is on one frequency — no duplexers
are required, receiver desensitization by the accom-

*"‘Packetese’’ for being in QSO —Ed.
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panying transmitter cannot occur, and each packet is
checked for errors at each digipeater. Unlike voice
transmissions via repeaters, packet messages can be
sent long distances on the VHF/UHF bands by naming
a number of sequential digipeaters to form a path to
the destination.

Although, at this moment, most packet activity
takes place on 2 meters, there are a humber of sta-
tions on both coasts operating ‘‘gateways,’”” low band
packet stations designed for long haul message pass-
ing with collection and distribution at either end via
VHF or UHF,

packet applications

The four main uses for packet radio at the moment
appear to be the following:

¢ normal, rag-chew type QSOs. This of course,
includes the exchange of any type of traffic between
two stations;

¢ direct message passing (if the destination station
is running, | can leave a message on it, without the
help or intervention of the operator};

® Packet Bulletin Board Systems (PBBSs) simi-
lar to the telephone-accessed bulletin board/program
exchanges used by computer hobbyists, and packet
mail boxes, which are usually operated in conjunc-
tion with a PBBS. In these, a message can be left for
a specific ham by call, for a group such as GLBers,
or for everybody (in this case, the call entered as
““ALL"). Stations operating mail boxes usually trans-
mit the calls for which they hold traffic. Thus it is not
necessary to ‘‘check into” the PBBS to know if you
have mail.

computer bulletin boards

It's not necessary for your QSO to be with a real,
live human. Back in the middle 1970s, several com-
puter operators in the Chicago area set up Remote
CP/M (RCP/M) computers with personal message
services, bulletin boards, and facilities to exchange
computer programs, accessible to anyone with a tel-
ephone modem and a teletype or other computer ter-
minal.

These “"tele-computing’’ facilities have proliferated,
and it's a poor town, indeed, that doesn’t have at least
two or three telephone-accessed, computerized bul-
letin board program exchanges devoted to some com-

By David McLanahan, WA1FHB, Box 17,
Marlow, New Hampshire 03456



puter-related or other special interest. (The probiem
with these marvelous facilities is that if you really get
into them, your telephone bill approaches infinity
asymptotically.)

This type of activity is a natural for packet radio,
and packet bulletin board systems (PBBSs), usually
running CP/M, are now springing up nearly every-
where. Many of these stations, based on surplus Xerox
820 computer boards, use software donated to the
public domain by Hank Oredson, WORLI, and dis-
tributed by ARRL and through the Newington, Con-
necticut, FIDO-Net builetin board (203 665-1114).
These bulletin boards offer the advantages of their
telephone counterparts without running up your phone
bill, and offer an additional convenience: most have
a “‘beacon,” a short automated transmission an-
nouncing their presence at regular intervals.

These PBBS beacons often include all ham calls for
whom the board presently holds messages. Thus,
unlike the telephone-accessed boards, you need not
“log on’’ 10 know if you have mail; just monitor the
channel and watch the beacon. In this application, the
old ham expression of “‘reading the mail’’ takes on a
new significance.

for the future

There are two precursors of things to come. The
first is the concept of a “local user.”” This means that
a ham tells area PBBS operators which PBBS he con-
siders “home."’ Messages left for him on other boards
are then forwarded to his “home’’ board. This is now
handled manually, but automatic forwarding is only
a computer program away.

Second, it's now necessary for a packeteer to deter-
mine the digipeater string and enter the calls manu-
ally. To assist with this, many PBBSs carry area sys-
tem maps showing digipeater calls and station
locations (an abbreviated map is shown in fig. 1).
However, as | write, a number of hams are working
on computer programs that monitor digipeater traffic,
picking up routes and maintaining a dynamic area map
in real time.

It doesn’t take a great leap of imagination to see
where all this is leading: automatic path selection and
dynamic call forwarding, both ‘‘transparent to the
user’’; all you do is type the call and the computer and
packet board does the rest {(with a name/call file for
your friends, all you'd need to type would be the
name). We're rapidly approaching the point reached
years ago by television’s Napoleon Solo, who, when
stranded on a remote Pacific isle, simply whispered
"’Open channel D,” into his fountain pen. Our main
unresolved technical challenge will be to place a work-
able {and comfortable) keyboard on the side of the
pen!

There is one thorn in this rosy future: channel space.
I've said that packet transmission is error-free, but |
carefully avoided any reference to transmission times.
At the moment, channels are relatively quiet, and over
short paths things can happen quickly. For example,
working through two 2-meter digipeaters handling little
or no other traffic, packet delivery times run on the
order of 4 to 5 seconds each. This is quite reasona-
ble. But, add a few more QSOs, a longer path (several
digipeaters), or someone using a PBBS (which shovels
out long program or message packets as fast as it can),
and things bog down quickly.

While we're on the subject of transmission speeds,
two additional notes are necessary. First, the speeds
given at the beginning of the article are FCC-permitted
maxima. While 300 Baud (30 cps), the legal maximum,
is used on the low bands, on 2 meters the universally
used speed is presently 1200 Baud (120 cps) rather
than the allowed 19.6 kilo-Baud, purely because the
1200 will go through a normal voice channel while the
higher data rates (which require greater bandwidths)
will quickly run aground in the intermediate frequency
amplifier and audio circuitry of a normal voice rig.

Second, 1200 Baud sounds like a nice, snappy
exchange rate, particularly if you're accustomed to a
300 Baud terminal. Sorry about that; the 1200 Baud
is the character transmission rate. When it comes to
actual message or data exchanges, the through-put
{useful traffic passed) will be at a much lower effective
speed, especially if noise or a busy channel forces
repeats of transmissions. This is due to overhead
within the packet {(message header and such) and the
necessity of getting acknowledgement for each
packet.

Of course, packet activity has no way to go but up
as more people get involved. Again, we have techni-
cal solutions that will (we hope) be here before the
problems are — inexpensive ""ham type’’ digipeaters
up at UHF and microwave where transmission speeds
can be increased dramatically. This doesn’t mean
you'll have to put a 1296 MHz rig in your car; local
traffic can still be handled on 2 meters, but the heavy
and long-distance communications can go on the
microwave links.

equipment

You need only three pieces of equipment to oper-
ate on packet radio: a 2-meter transceiver (nothing
special, that old rock-bound clunker in the basement
will probably do, with some tuning); a Terminal Node
Controller (TNC — the actual “packet board’’); and
a computer or computer terminal with which to
communicate with the TNC.

Of course, there are always other ways. If you want
to save time and reduce aggravation, there’s the Pack-
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Our Very-Hard to Find Components List

Semiconductors

MRF.208 $1200 MRAF-801 $ 175 MPSH81 £ 50 1NB6263 75
MRF-240 1840 MHW.7101 61.00 MV2205. 58  2N2907 &0
MRF-247 34.80 2N5844 10.35 LM3B80ON 190  2ZN4al 75
MRF-309 3381 MC1330P 160 LM5SBSCN 185 2N5190 150
MRF-421 37.00 MC1350P 1.20 LM741CN B85 2N5192 150
MRF.422 4140 MC1358P 1.25 INT56A 55 2N5104 150
MRF-429 46.00 MC1458P 65  1N4001 25  2N5989 2.80
MRF-454 2000 MC1723G 2.80 1N4148 30 2NS990 2.80
MRF-644 2760 MC3405 250 1N4997 150  2N5991 3.00
MRAF 646 2990 MCTBLOBCP 50 1N5400 35 2NGABG 125
MAF-648 3350 MPS-2222 35 1N5363A 2.00

Kemet Chip Capacitors
NPO C1210 Size - 50 ea NPO C1210C Size- 75ea NPOC18135ize-81.00eva BX C2225 Suze
10pt 75pl 470pt  4.7pt 3300pt 5600pt 6800 pf 33,1 8190
agp! B2 pf 560 pl 1.l BX 68,1 8390
51pt  100pt 680 pl o 124
S5pl  390p! 1000 pt

We also carry a line of VHF, UHF amplifiers and

ATV egquipment. Call or write for our free catalog

o LIRS =

POAE North Aragon Ave & Diyhon, Ofio 45420+ (313) 2961411

The Written Word Via Radio

Why spend money on phoneline rental and modems when you
can install an AEA, PKT-1 PACKET RADIO CONTROLLER and
send any alphanumeric information via (your existing) radio?

m Send any text, data, or program file, error free, to a remote screen, disk

or printer.

m Data rates to 4800 Baud, dependent on FCC-allowed bandwidth.
m RS-232 connection to any terminal/computer configured as DTE.

m PTT, audio in and audio out are the only connections to any (FM,

SSB, PSK, etc.) transceiver.

m 12 VDC operation allows portable/mobile operation.
W Extend range and/or avoid line-of-sight obstacles or multipath problems

by using other packet stations as store-and-forward Digipeaters.
® Low cost: Typical total system costs are $500-$1000.

Connect your warehouse and office personal computers and send customer

orders

locations and send “equipment needed”” lists
fire, police, aid car, water department locations . .
mation automatically from remote highway sites.
ment or your readerboard signs remaotely

from a break-and-enter Ssite
sites
hospital

Connect your Emergency Service or Search and Rescue base to field
Send written dispatches to your
Send avalanche sensor infor-
Control your irrigation equip-
Receive security system messages

Share bulletin board files at radio-remote

reader service number, or send coupon for fast response

Send patient info to the receiving hospital from the trage
Communicate using battery power when phone lines are down

Your imagination is the only limit. Call John Gates, mrclrm
Dealer inquines invited

Advanced Electronic
Applications Inc.

AEA, Inc. Box C-2160, Lynnwood, WA 98036
Send PKT-1 information to

fig. 1. At right is a graphic repre-
sentation of Packet Radio links
believed to exist on 145.010 MHz
on the East coast of North
America. The area covers part of
Canada and extends to North
Carolina. Another file, called
SOUTMAP.NNN, covers the area
from Virginia south to Florida.

Included in these maps are digi-
peaters, Packet Bulletin Board
Stations (PBBS), and home sta-
tions usually left on for digipeat-
ing. Updated maps covering this
and other areas are available from
stations running W@RLI-compat-
ible software for PBBSs, mail-
boxes and/or gateways; these sta-
tions are indicated by the use of
the “@" character preceding the
call sign.

The primary routes used for mail
forwarding in EASTNET are
marked with asterisks (****),
while other links are shown by
either | \ or / as connecting
characters. All “****"" routes are
presently on 145.010. In the Balti-
more/Washington area .050 is
heavily used for local traffic. Links
on 145.050 MHz in Maryland,
West Virginia, and Pennsylvania
are connected on this map by
dots. 220 MHz trunk links will
parallel 145.010 in the future.

To improve readability of this
linking you might want to use felt
tipped pens to outline the various
linking paths. Links marked with
a question mark indicate a link of
unknown reliability. If any links
shown on this map prove to be
unreliable or nonexistent, please
drop me a note. Send the info to
me, KIHTV @ W3IWI, via one of
the many auto-forwarding PBBBs
or via the U.S. mail (see Callbook
for address).

Thanks to Rick Zwerko, KTHTV,
one of 10 acting directors of the
Mid-Atlantic Packet Radio Council
(MAPRC). Formerly Vice-Presi-
dent for Operations, AMSAT,
Rick also served as a member of
the AMSAT Board of Directors
and was past president of the
Northeast VHF Association.

— WAIFHB

Box C-2160 2;'2"’
Lynnwood, WA 98036 sl
1206) 775-7373 City/State
' Zip Call me at
_—
» 109
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eterm, a portable unit ($995) that combines a TNC and
a computer terminal in one sleek-looking designer case
(see photo). If you go that route, you can disregard
the rest of this article and be on the air half an hour
after unpacking the box . . .

I claim no special expertise in the area of 2-meter
transceivers. I'm using an Azden PCS4000 because |
happen to have it, and it's working fine. The only cav-
eat is that most 2-meter packet activity is below 146
MHz and some of the older narrow-band equipment
needs a tweak to get down there.

I'm using a GLB PK-1 Terminal Node Controller. |
chose it because it appears to be the least expensive
one available ($165). At 4-1/2 x 9-1/2 inches (11.4 x
24 cm) it's also the smallest one I've seen. It also
requires only a single-voltage power supply (+ 12 VDC
at 170 mA) and it doesn’t mind “mobile-type” voltage
excursions; I've used it from 14-1/2 to 9 volts without
a hiccup. And, like other TNCs on the market, the
Z-80-based GLB features ““dynamic programming"’;
the manufacturer frequently releases a new ROM
offering enhanced and improved features.

Other TNCs are available from Vancouver Amateur
Digital Communications Group, Tucson Amateur
Packet Radio, Heath, AEA, Kantronics, Ashby, and
Packeterm, to name a few (fig. 2). Richardson soft-
ware converts a TRS-80 Model 1, 3, 4, or 4P into a
computer/ TNC*.

The last necessity, the terminal, offers the most
opportunity for self-expression. It can be anything
from a Model 15 Teletype to a microcomputer such
as a Sinclair ZX-81 or a Commodore 64. The
microcomputer route is the most popular. Of course
the micro must have a serial port (or an adapter to pro-
vide one) as well as a modem program. (The Model
15 Teletype was preprogrammed at the factory.)

getting started

As with everything else, the most difficult part is
getting started, especially if you don’t have a packet
Elmer around. You'll need either a reasonably local
packet station that will give you a strong signal or two
set-ups that you can work back-to-back. An indepen-
dent monitor receiver is a big help.

There's nothing special about the monitor receiver.
It can be any kind of tunable or fixed-frequency rig
capable of receiving your area's packet channel(s). Be
aware that some of the programmable (no-crystal)
scanners won't tune lower than 146 MHz without
special measures. For example, on my 16-channel
Regency "Touch,”” Model ACT-T-16K, | must press,
in order, MA, 9, CL, PR, then key in the frequency
I want, and hit PR again.

* Synchronous Packet Radio Using the Software Approach — AX.25, by R.M.
Richardson, WAUCH, available from Ham Radio’s Bookstore, Greenville, NH
03048 ($21.95 plus $3.50 postage & handling)

34 [ December 1985

fig. 2A. Cynthia "Sam" Hensley, KY1D, operates Packeterm™
IPT, a portable terminal and TNC combined in one unit, from
summit of Pitcher Mountain in Stoddard, New Hampshire.

This receiver is then set up on its own 1/4-wave
whip near your packet station. Because a TNC requires
a better signal to noise ratio than voice, if another sta-
tion sounds reasonable on the quarter-wave whip, it
will probably be fine for packet, assuming that you are
using an outdoor gain antenna for the packet tran-
sceiver.,

The monitor is used, first, to compare your station’s
deviation with others in the neighborhood, and, sec-
ond, to keep track of when (and how) your station is
transmitting. After your packet set-up is thoroughly
established and proven, you may wish to return this
radio to its prior service monitoring the local police,
but till then it'll be invaluable in getting you started.

To begin with, you have to get your computer or
terminal working with your TNC. This requires, first,
an RS-232 interface from the computer or terminal to
be connected with the RS-232 interface on the TNC,
and, second, if you're using a computer, driver soft-
ware (usually a “Modem” or ““Terminal Emulator”’ pro-
gram) to access the RS-232 port. Because the
programming depends on the brand and type of com-
puter used, I'll leave that part to you and your soft-
ware dealer or local computer guru.

| can, however, provide some advice on using the
RS-232.

the RS-232

First, the actual RS-232 specification doesn’t define
a physical connector, although a DB-25 is usually
used. Second, RS-232 defines interfaces for modems
and for terminals, but not for computers. Third, two
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identical RS-232 interfaces (two modem interfaced or
two terminal interfaces) won't work together because
both will be transmitting data on one line and both will
be “listening’” on another line. Therefore, before you
actually hook things together, compare the instruc-
tions for your computer and your TNC.

Normally, the computer will talk (transmit data, data
out, or TxD) on pin 2 of the DB-25 and the TNC will
listen (receive data, data in, or RxD) on the same pin
number. If your literature shows that your two devices
work this way, use a pin-for-pin cable. If, on the other
hand, both units are talking on the same line, you'll
have to swap pins 2 and 3 at just one end of the cable.
(If you make the swap at both ends, you're back where
you started!) Along with that swap, go swaps on
several of the control lines, although ground always
remains on pins 1 and/or 7. Check your literature.

If you find that you do require some line swaps, but

fig. 2B. Packet terminal units from (A) AEA, (B) Heathkit, and
(C) Kantronics.
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all you have is a pin-for-pin cable, check its connec-
tor type. There are three types of DB-25 connectors
in common use commercially: insulation displacement
connector (IDC), crimped onto ribbon cable; solder
cup connector with wire leads soldered in as required;
and crimp-type, where the pins are crimped onto the
wires and then popped into the connector shell.

If you have only a ribbon cable, you're stuck. With
the solder cup connector, changing conductors
around is relatively simple, assuming that you have
both patience and a small soldering pencil. Changing
the pins around on the crimp-type connector is even
easier than resoldering if you can get the little plastic
insertion and extraction tools. Both tools (which slip
together for storage) are slotted lengthwise for slip-
ping over the wire. The tool is then slid down the wire
so that its point enters the back of the connector block
around the connector pin. Gently puling the wire slides
the pin out of the block. Reinsertion is just the reverse.
Place the tool on the wire up against the pin and use
the tool to seat the pin in the block.

Although these tools are inexpensive, they may be
difficult to find. Made of plastic, they will break in time.
You might try purchasing several from an industrial
distributor who stocks the connectors.

listening to the data

If you're sure the wiring is under control but the in-
terface still doesn’t work, check to make certain that
both units are really transmitting data when they
should. Look at the TxD line from the computer. (An
oscilloscope is ideal for this but you can use the audio
channel of your video monitor, if it has one, or another
audio amplifier and speaker.

Remove the plug cover from the cable connector
at either end. Make sure that the audio channel ground
is connected to the computer system ground. With
the volume of the audio channel set low (to avoid ear-
shattering surprises) check the audio by touching the
exposed audio connection with your finger while the
rest of your body is ungrounded. You should get a
loud AC hum. Then, using a small-gauge conductor
wedged into the back of the DB-25, make contact
between either pin 2 or pin 3 and the audio input.

Now try a command to the TNC. With the GLB
PK-1, the first thing it wants to see is a carriage return
<cr> to establish the baud rate, which should be
9600 Baud or slower. (The baud rate between TNC
and “terminal’’ has nothing to do with the "‘on the air"
data rate of 1200 Baud.) When the GLB receives its
carriage return, it responds with a dozen-character
sign-on. If serial data is present on the line you've
chosen, you'll get a raucous buzz (or a short burp) for
a single character like the <cr>. Try this a couple of
times. If the power doesn’t come on cleanly (i.e.,
bounce in the power switch) it can discombobulate



the GLB'’s initialization routine. Hit GLB reset and try
<cr> again.

If you still don't get the buzz, the most likely cause
is that a required RS-232 control signal is not being
handled properly. Of course, this requires a check of
the RS-232 specifications as interpreted by the two
particular devices that are giving you grief. For exam-
ple, with the GLB PK-1, check to see that the com-
puter or terminal is putting a high { >3VDC) on RTS
(Ready To Send) (DB-25 pin 4 on the GLB), and that
the computer doesn’t need more control signals than
the high that the GLB puts on its CTS (Clear To Send)
(DB-25 pin 5) line.

If either the computer or the TNC is not getting the
control signal(s) it requires, you won’t hear data on
either line from the end(s) with the problem. Check
your control lines with a VOM.

Once the terminal-TNC interface is working, you are
ready to hook the TNC to your transceiver, following
the TNC manufacturer's guidelines.

Now see if you can receive. Connect all the equip-
ment up and turn it on, instructing your packet board
to display everything without checking the packets for
transmission errors {"’Garbage mode’’ on the GLB,
SG-E). Wait for activity on the channel (as indicated
by your transceiver’'s S-meter or the monitor radio) and
see if it prints. {Very short transmissions may be con-
nect requests or acknowledgements that will not yield
a printable message.) If that works, try transmitting.
Send anything and compare the sound of your trans-
mitter through the monitor radio with the sound of
another packet station. /f your signal doesn’t sound
raspy and disagreeable, your audio is set too low.

talking to yourself — by radio

If the audio sounds okay, try talking to yourself
through the other station. Program your call as the
destination as well as the originator, making sure that
the SSID numbers {(usually zero) are the same. Then
type in the call of the other packet station or digipeater,
again watching the SSID. Many digipeaters use an
SSID of one, with zero used by the trustee’'s home
station. W1AW has several packet stations with SSIDs
running up to 5! With the GLB your destination is set
with SD and your digipeater(s) with SV (send via).

Now issue the command to connect (AC on the
GLB). Your transmitter should come on for a short
period (less than a second) followed almost instantly
by a similar-length transmission by the other station.
Your terminal shouid then “ring its bell”” and display
-Connected to <your call>. Now type a short mes-
sage and hit your “dispatch’’ character {(on the GLB
this defaults to a line feed). The message should be
duplicated aimost immediately on your screen, then
be followed in a second or two by another bell and
an -Ack.

The -Ack means that the “‘receiving-you’ has
acknowledged the message back to the ‘‘sending-
you." If the -Ack is not received by the TNC, the mes-
sage will be held in the TNC’s buffer and the trans-
mission repeated. With the GLB, to disconnect, type
Control-C. When disconnect is complete, the screen
will show #1.

If all that worked, you’re ready for a real, live QSO
or a longer path test. On multi-hop self-connects, you
must provide the entire round trip in the digipeater
string. (Like any other computer, the TNC is wonder-
ously fast but very stupid.] Thus to self-connect
through W1AA-1, W2BB-0, and W3CC-1, for exam-
ple, your string must read W1AA 1, W2BB 0, W3CC
1, W2BB 0, W1AA 1.

If all this works, you're home free. If questions or
problems arise, you can connect with another pack-
eteer in your area and ask for help. You can also
access your local PBBSs. Start with the one that’s on
the shortest, quietest, most reliable path until you get
the hang of it. {The wee, small hours of the morning
are the best time for this experimenting.) All you have
to do is connect with the PBBS station, then be
patient while it announces itself and gives you its
prompt line ending with CP/M’s >. It will then be
looking for a letter command followed by a carriage
return (and on the GLB, a line feed to send the
packet). For starters, try an "’H’’ {for Help). It should
reward you with a list of its commands and explan-
ations. If you have a printer, turn it on so you'll have
a hard copy for future reference.

Of course, there’s a great deal more to packet radio
than I've mentioned here, and the field is changing
rapidly, but, as the Chinese say, “The longest jour-
ney begins with but a single step.”” As with any
Amateur Radio activity, the biggest and most impor-
tant step is just getting on the air so you can contact
fellow hams. | trust that you’ll enjoy the rest of this
unending journey.

ham radio

for further reading...

A special package of four back issues of ham radio, featuring
the following Packet Radio articles, is available from Ham
Radio’s Bookstore:

" Amateur Packet Radjo, Part 1, by Margaret Morrison,
KV7D and Dan Morrison, KV78, July, 1983; part 2, August,
1983.

“Packet Radio — the Software Approach,” by Robert M,
Richardson, W4UCH, September, 1984,

“The New Industrial Revolution: Packet Radio and Local
Area Networking,” Cornell Drentea, WB3JZO, December,
1984,

The special price for the four-issue package is $14.95; single
issues are priced at $5.00 each (postpaid).

Ham Radio’s Bookstore ® Greenville, NH 03458
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PACKET RADIO...
... THE FASTEST GROWING PART OF
AMATEUR RADIO TODAY
is already providing high speed, error free, communications on many
amateur bands for gso’s, data transmission, emergency traffic, dx’ing,
traffic nets, mailboxes, endless experimentation, and soon...
satellite operation. LT e

networks continue to grow, as does the number
of hams who enjoy this new and exciting mode
The increasingly popular PACKETERM IPT s
contributing to phenomenal growth in amateur
packet radio by providing a full function packet
terminal in a compact, portable unit..

ALL YOU NEED FOR PACKET OPERATION
IS A PACKETERM IPT AND YOURRIG !

Designed for true portability, the IPT is equally at home in your ham shack or
(with its optional carrying case) treking in the country for battery powered
hilltopping!

A single cable connects to your transceiver....thats all there is to it!

Use it with your base station, mobile, or with your HT on that hilltop!!!

FEATURES: * *9inch portable terminal and full function tnc combined
* * 66 commands available - the most widely used, field proven
programming .
* * Built-in LSI modem ; 300 or 1200 baud, 200 or 1 kHz audio shift
* * stores setup parameters with power off - uses lithium battery
* * custom “beacon” text -- your call, qth, etc. in permanent memory
* * 74 key, full travel keyboard with 14 function keys for commands,
calls, etc.
* * printer port - RS232C serial
* optional printer, carrying case, and dc adaptor (13.8 VDC)

»

~\
iﬂ Packeterm' PRICES: IPT COMPLETE $995
Box 835, Amherst, NH 03031 PRINTER $349
(603)-673-6630 DC ADAPTOR $125
TNC (BOARD ONLY)  $275
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automatic frequency and deviation tester
for packet radio

Measure your
packet signals
from the comfort
of your home

Recent observations of packet radio signals re-
vealed some startling facts. Several stations intending
to be on 145.01 MHz were found as much as 3 or 4
kHz off frequency. Deviation levels also varied quite
a bit.

Off-frequency operation and overdeviation cause
distortion of the audio signal. Too little deviation
results in a poor signal to noise ratio. In all these cases,
the result is the same: a modem is less likely to demod-
ulate the signal properly. Packets are retransmitted an
excessive number of times and the channel gets clog-
ged up.

The New England Packet Radio Association tried
to improve the situation by having a calibration ses-
sion at one of the regular meetings. A frequency
counter, deviation meter, and qualified engineers were
present to make sure everybody'’s equipment was pro-
perly adjusted. There was plenty of advance publicity,
but no more than a few people bothered to bring their
equipment.

Several months later a new beacon appeared on the
air, transmitting “WB20SZ> BEACON: frequency/
deviation tester available.”’ During the first few days
of operation, many stations connected and received
the following message:

“Welcaome to the WB20SZ automatic frequency/devi-
ation tester. Instructions:

1. Send several non-blank lines.

2. Wait for reply after each.

3. Ignore any occasional erratic values.

4. Disconnect when done.
Recommended deviation is no more than 3 kHz. Any-
one who disagrees with the results is invited to supply
a reference more accurate than my 2AT. John"'

Each time a packet was sent to the automated sta-
tion, a reply was sent back in the form, ““Your fre-
quency is about 1.8 kHz too high. Deviation is about
2.6 kHz.”

circuit description

The voltage from the detector of an FM receiver is
proportional to the frequency of the incoming radio
signal. Extracting the DC component of this will pro-
vide a measure of the carrier frequency. The peak
amplitude of the AC component is proportional to the
deviation. Figure 1 shows a block diagram of a system
designed to extract these parameters.

The first step is to obtain a DC-coupled signal from
the demodulator of your FM receiver. The entire signal
flow from receiver to computer is shown in fig. 2A
and the individual circuits detailed in the figs. 2B
through 2E. Figure 2B contains a circuit used with
an old VHF Engineering transceiver; it should work
with anything else using an LM 3065, an MC 1358, or
a CA 3065 quadrature detector. (This part will have
to be customized for your particular rig.) It produces
a zero volt output for a carrier on the desired frequency
and changes by a half voit for each kHz change.

The next step is to extract DC and AC components
of the signal with low- and high-pass filters {fig. 2C).
U2 and associated components form a low-pass filter.
Their output is proportional to the amount the incom-
ing signal is off frequency. For example, —1.5 volts
means the signal is 3 kHz too low.

The AC component, of course, is the audio. It is
extracted by a high-pass filter composed of C3 and
R12. This is fed through a full wave rectifier, peak
detector, and another low-pass filter. R14 limits the
peak current out of U4. (Without it, nasty spikes
appeared on the power supply output}. R18 boosts the
gain slightly above unity to compensate for a small loss
in the high-pass filter and peak detector. The result

By John W. Langner, WB20SZ, 115 Stedman
Street, Chelmsford, Massachusetts 01824
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fig. 2A. Radio interface.

table 1. Integrated circuit pin designations for the
supply lines.

ground +5volts -—12 volts +12 volts

555 1 8

741 4 7
ADC 0804 10 20

1458 4 8
M2 7 14

AY-5-1013 3 1 2

grate your system with a computer to open up many
possibilities for automated operation. If you have a
computer with joy stick input, you already have a pair
of analog-to-digital converters and don’t have to build
the rest of the circuit. For those with computers not
intended for playing games, additional external cir-
cuitry is required.

The analog voltages must be converted to digital
signals the computer can understand. This is accom-

plished by the ADC0804 A/D converters in fig. 2D,

is a voltage proportional to the peak deviation, again
0.5 volt/kHz.

To build a useful piece of test equipment, connect
these voltages to a pair of meters. You can also inte-
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which convert a voltage in the range of 0 to 5 volts
into a corresponding number in the range of 0 to 255
in less than 20 microseconds. U7 and U8 determine
when to start the conversion. CR3 through CR6 pro-
tect the inputs of Ub and U6 from voltages that could




damage them. CR3 through CR6 should not conduct
during normal operation.

A purist may wish to connect a precision 2.5 volt
reference to the Vggr pins. In its absence, internal
voltage dividers use one half of the 5-volt supply.

When should the A/D converters be commanded

to start the conversion? You wouldn’t want to do it
when an audio carrier is first detected because the low-
pass filters wouldn’t have had time to settle down. And
you can't do it after the computer has received the
packet contents from the TNC (terminal node con-
troller} because the audio signal is long gone. | decided

o
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ouTPUT I
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fig. 2B. Parameter extractor.
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1986
CALLBOOKS

CONTINUOUS COVERAGE
FOLDED DIPOLE ANTENNA

MODEL AC 3.5 - 30
(formerly Model 370-15)

e Fully Assombled e 52 OHM e Only 90 feet long

® SWR less than 2:1 from 3.5 thru 30 MHz. Average SWR 14:1

e Will handle 1 KW power (2 KW PEP)

e Can be installed as flat top, sloper, or inverted "V~

e Used the world over in government & commercial communication
installations

® |deal for all operations - amateur, commercial, MARS - any frequency

from 3.5 - 30 MHz
prRICE 15950

PATENTED PR SO0 SRR Snd Hendee The "Flying Horse"

has a great new look!
ALL OUR PRODUCTS MADE IN USA 9
It's the biggest change in Callbook history!
m . WN MNow there are 3 new Callbooks for 1986,
Quality Communication Products Since 1932
At your Distributors. Write or call. The MNorth American Callbook lists the

10 Canal Street, Bristol PA 19007 amateurs in all countries in North America
(215) 7»55’1 m plus those in Hawail and the LS. possessions.

The International Callbook lists the calls,
names, and address information for licensed
amateurs in all countries outside North
America. Coverage includes Europe, Asia,
Africa, South America, and the Pacific area
(exclusive of Hawail and the U.5, posses-
sions).

The Callbook Supplement is a whaole new
idea in Callbook updates. Published June 1,
1986, this Supplement will include ail the
activity for both the MNorth American and
International Callbooks for the preceding
6 months.

Publication date for the 1986 Callbooks Is
December 1, 1985, See your dealer or arder
now directly from the publisher.

oMNorth American Callbook
incl. shipping within USA $25.00
incl. shipping to foreign countries 27.60

o International Callbook
incl, shipping within USA $24.00
incl. shipping to foreign countries 26.60

O Callbook Supplement, published June 1st
incl, shipping within USA $13.00

incl. shipping to foreign countries 14.00
RELIABILITY SPECIAL OFFER
0 Both N.A, & Internatiaonal Callbooks
incl. shipping within USA $45.00
[ ] incl. shipping to foreign countries 53.50
Precision Quartz Crystals 70 KHz to 200 MHz. International is a s St et e Sl
major supplier to the commercial, industrial, and amateur crystal market.

Hiinois residents please add 6% % sales tax.
All payments must be in U.S. funds.

RADIO )\HMEHH I I L I(
) co

For complete information contact our sales depantment \’Q Dept. F
herwood Dr., Box 247
= INTERNATIONAL CRYSTAL MFG. CO., INC. @i 925 Sherwood Dr., Box 24

PO Box 26330, 701 West Shengan, Okdahoma Ciry, OK T112600%  (406) 2363741 Tiex

Tel: (312) 234-6600 —
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EDGE
CONNECTORS

ALL ARE 1.56" SPACING.

AND VIDEO MODULATOR
FOR T.I. COMPUTER

T4 # UM1381-1. Designed for use with T.l. com-
puters. Can be used with video sources. Buit-in
A/B switch. Channel 3 or 4 selection switch
Operate on 12 vdc Hook-up diagram included.

$10.00 EACH

ROI\

Etri $# 99XM182 low
noise fan Measures
3% square x 1" deep
21¢fm. 23 db. 1700 rpm

SPECIAL PRICE ...$12.50 each

2K 10 TURN
SLIMUNE
COOL'NG FAN $5.00 EACH

Star #SMB-06L

TTL compatlble
$1.00 each
10 tor 89 00

DELTRON MODEL QD12/15-1.7
Dual ptus and minus 12Vdc open
frarne power supply. Can be used as
24Vdc @ 1.5 amp. INPUT: either
115 Vac or 230 Vac

Fully reguiated computer grade suppy.
7" x4%" x 2%

$12.50 each

10 for $110.00

Pomona #2104

NI
N <_>
NS
\"/'” / Heavy-duty black

phenolic project hox with cover and
screws. 2%’ X 112" X 12
$1.00 EACH

vdc (@ 240 ma. from a battery
supply of 3.510 6.25 volts
2 x V[ x Y,
$1.50 each

Desgl:;\ed to provide asteady * 5

Spectra-strip red marker strp.
28 ga stranded wire
$5.00 per 100 roil

Ol
LOS ANGELES. CA STORE
905 S. Vermont Ave.
213 380-8000

VAN NUYS, CA STORE

6228 Sepuiveda Blvd.
818 997-1806

MAIL OQRDERS TO:
P.O. BOX 20406
Los Angeles, CA 90006

TWX - 5101010163 ALL ELECTRONIC [

EASYLINK MBX - 62887748
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"’L) SWITCH

Cherry elect. #E-2 N.O. orN.C.
0.1A contacts. Suitable for alarms
and other low energy Circuits

119’ lever,

45¢EACH 10FOR $4.20

TOLL FREE ORDERS ONLY
1-800-826-5432
{ORDER ONLY)

22/44 EDGE CONNECTOR " *SPE N
e O oxan «DECEMBER * 8"PA. SPEAKER SPECIAL PRICE CASSETTE
10 for $18.00 «SPECIALS * C TS Model 883079 $5.00 each DUAL L.E.D. DISPLAYS T
22/44 EDGE CONNECTOR gonmscoi magnet CASEOF y B MECHANISM
solder lug style ~ $2.50 each § ALL 14 WATT RESISTORS Typical response range 8 SPEAKERS = H
28/56 EDGE CONNECTOR 1000 pes ot one value $7.50 100 - 10.000 hz $32.00 I
Power rating 15 watts max
RC. style s2.s0cach | ALL ¥, WATT RESISTORS | - onlea tomouni e T aegrent L.ED. read-
10 tor $22.00 1000 pes of one value matching transformers sockets I P
36/72 EDGE CONNECTOR
PC style $3.00 each }Nﬁ(%'lp] f’p(z XSDLIE?JODES LINE CORDS RELAYS MAN-§640 arange. c.c. 75¢ each
43/86 EDGE CONNECTOR 1 100 tor $4.50 FNO-5148red.c.c 75¢ each
PC.style s4.50 each [ 1000 for $30.00 = = 10 AMP SOLID STATE | pi-527re0.ca 75¢ each
TWO WIRE CONTROL 3 37 wic [ b 1,
TRANSISTORS | BSTYLE CONNECTORS it s 655 [ 9% SPEAKER
2N706 41or $1.00 100 for $100.00 6 18/28PT-1flat 31or$1.00 [ SIZf: 2V x %" x %" iQ J 2 80“3
2N2222A 310r $1.00 . Y Fuedance.
PN2222A arorston | 0925 SGOKET ( M0Ter$12.50 | 6182 SPT-2 1 $9.50 EACH 10 FOR $90.00 el
gzggg: g ::1 :}gg : 6 16/2SJTround $1.25 each ULTRA-MINIATURE 8 0z magnet
r31.! -
2N2905 3 tor $1.00 SOLDER TAIL I.C. THREE WIRE 5VDC RELAY 4" diagonal New. stereo cassette mechamsm
MJ2955 $t.50 SOCKETS Fuptsu # ; ’“"“’;""9 C:"“”S includes record/playback ang
2N3055 $1.00 § 24 PIN 10 for $2.50 & 18/3 flat $1.50 each F 52 50 each 10 for $20.00 erase heads. 2-12VDC motors
PMD 10K40 1.00 . BR211NEDOOSM20 8
TIP 121 e 1388 :g: §§S'o°80 B 18/3round  $2.00 each High sensitivity SPRING LE gglfng;": ot ther
TIP 125 75¢ . ’ SO&TAgUQSOhTaSm VER mechamca‘l’oa‘n:’ ?:essz pa?lse
TTE MIKE 816/3round  $4.00 each Mounts in 14 pin DIP socket TERMINALS used on other current model
*SPECIAL PRICE~ CASSE H 025:1:):!;'0 g\ggefg’lﬂf decks, would cost several times
TRANSISTOR . 10 tor $10. our selling price 1f purchased
«f *"'"'Elf I & COMPUTER MINIATURE ;‘:L’::;‘gf/“)';a ° @@ separately Build your own audio
PN3569 TO-92N PN — GRADE - or data recorder or use for spare
Jastic t g 6 VDC RELAY 3% bakelite e 3 ' h
100 1o $8.00 e CAPACITORS Aromat #8506V plate parts St X3z X3
100 for $8.00 Dynamic casselte mike with Super Smalt Great tor speaker enclosures or 750EACH 2FORS$12
1000 for $60.00 | d (1 switch - power supplies. $ H R $12.50
TIES 3.5mm plug and on/off switc 2,000 m'd.ﬂ 200VDC S.PD.T relay 4 7 ACH
LARG;&A(.JE:?LTFI i $1.50 EACH 10 FOR $13.50 | 1% DIA. x 5" HIGH GOld colbalt 5¢ E 10 FOR $7.00
3 3.600 mfd. 4 contacts rated
TRANSFORMERS TWIST-LOCK | H2Rmg.l0v0e 1amp@30vac Hgnysensiwe | MINIATURE TOGGLE SWITCHES
CONNECTOR 6,400 mid. 60 VDC o P ohm ALL ARE RATED 5 AMPS @ 125 VAC
7 1% OlA. x 4% HIGH $2.50 | Operate from 4.3 - 6 vdc S.PD.T. S.PD.T. S.PD.T.
Jfﬁ;ﬁgs o @‘i 9.7oDo mitd. 50 VDC s3.00 COIL: 120 ohms $1-5°seac'b (on-on) (on-on) (c;n'-o'ff'-on)
C g éi?’ - 1% DIA. x 4%z HIGH 3. e x 3" % 1010081350 | ot
b yle Solder tug Solder lug
!J 31,000 mtd. 15 VDC non-threaded terminals. terminais.
5.6 volts @ 750 ma. $3.00 | Same as Switcheratt #12CLSM 1% DIA x4’ HIGH s2.50 | 13 VDC RELAY bushing $1.00 each $1.00 sach
6 volts @ 150 ma. $1.25 | 5conductor in-line plug and chassis 72 000 mtd. 15 VDC CONTACTS: SPN.C Io%oach 18 for $9.00 10 for $9.00
12v.c.t. @ 200 ma. $200 | o e P e “BIA. x 4%" HIGH $3.50 | 10amp @ 120 vac 101or $7.00 100 for $80.00 100 for $80.00
18 volts @ 650 ma. $3.50 vie. 155‘000 mtd. 6 VDC Energize coil to
18 volts @ 1amp $4.50 $2.50/SET 22 DIA x 4% HIGH $1.50 | opencontact S.PD.T. S.PD.T. D.PD.T.
;: et 8 388 ma. :g.gg COIL: 13 vdc 650 ohms (on-off-on) (on-on) (on-on)
28 v.c.t. @ 15amps $20.00 SPECIAL PRICE $1.00 each PC. style PC.lugs Solder lu
30v.c.t. @2amps $5.00 TI SWITCHING POWER SUPPLY . gon;‘mreaded .7 :)hre:ded termlnalsg
ushm * 3
Compact, well-regulated switching power suppty 4PDT RELAY 75¢ elg:h i s?%&".g.c». b fgie;? :1‘:.%0 b
designed to power Texas Instruments computer :‘;“aﬁr’v':;'égnﬁt'ayclfs 10 for $7.00 10 for $9.00 100 for $180.00
WALL equipment DaE 100 for $80.00
INPUT 14 - 25 vac @ 1 amp D but fully
TPUT - 12 vd 350 tested $1.71 v
TRANSFORMERS T e s Speciy o valiage Gesred STANDARD JUMBO v?o'::i -T. LIGHTED
= — 5vdc @ 200 ther 24 vdc or 120 vac DIFFU TV, ER SWITCN
allplug drectly SIZE 4w ran B oo™ 55,00 each g‘é{'ﬁ f/" LARGE QUANTITIES AVAILABLE RED SE:)'M $1.50 115 vac highted rocker.
outlet SOCKETS FOR KH RELAY 100 for $13.00 SNap mounts in
5¢ each REEN 10 for $2.00 4 x 1 hote
& 13.8 VDC REGULATED POWER SUPPLY OREEN  Grrstiop | Suangelens Toamp
4VDC @70 ma $2.00 These are SC])|Id séaleh‘ "ully regu(b)%(ed 13 .8 vde ROT;:IRYRSCT'ON VELLOW 101:'::?12-,:88 $1.50
- - power supplies. Both teature 100% solid state
6 3“: @ 500 ma. $3.50 7] construction. fuse protection, and L.E.D power R c ‘ N ’/h FLASHER LED MINI-PUSH BUTTON
gvgg%;gg ma. ;ggg // indicator. U.L. hsted OMRON =(C.5G3 £41 B 5 vol S.PS.T. momentary
. " Clockwise action micro 3 volt operation It
125 ¥aC @ 265 ma. $3.00 %/ 2ampconstant, dampsurge  $18.00each | rnyreom ooeraren ) B red jumbo T 1% W busting
MULTI VOLTAG"é 500 3.00 mechanisms and low torque size $1.00 each Red button.
3,412,6,772,9 or Seoa™ $7.50 3amp constant, 5 amp surge $25.00each | operations 35¢ each
RATHD. 5 amps @ \lz(f; ;/ac $11.00 BI-POLAR 10 for $3.00
1.25 each or .
7 CONDUCTOR  |*}5¢ QUANUUES AVAILABLE e 10 KEY ASSEMBLY
S - 3
4B MINI-BOX RIBBON CABLE LEDHOLDERS o 5KEY
N SNAP ACTION | two prece hoider @ . $1.00 each

for jumbo LED
10 for 65¢ 100 tor $5.00
CLEAR CLIPLITE
LED HOLDER

Make LEDCa fancy g,{wa
indicator Clear.

410r$1.00 Fau
QUANTITIES LIMITED
MINIMUM OROER $10.00
USA: $3.00 SHIPPING

(IN CALIFORNIA: 1-800-258-6666) FOREIGN ORDERS:

ALASKA, HAWAIL,
OR INFORMATION
(213) 380-8000

NOC.0.D.!

INCLUDING SUFFICIENT
SHIPPING
CALIF RES. ADD 6'2%

contains 5 single-poie normaily
open switches. Measures %
long

6 KEY

$1.25 each
cantains 6 single-pole normally
apen switches. Measures 4%

long

METAL OXIDE
VARISTOR
Popular GE # 130LA10A

varistor. %" diameter.
$1.25 each

v
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to sample the analog signals after the audio carrier had
been present for approximately 200 milliseconds. This
provides sufficient time for the analog components to
settle down but is before the end of the shortest
packet. A carrier detect signal is available at pin 5 of
the parallel connector on the back of a TAPR TNC.*
AEA and Heathkit units, similar to TAPR’s, are prob-
ably the same.

The computer I'm using doesn’t have any parallel
input, but does have a spare serial (RS-232) port. The
remainder of the circuit converts the parallel data into
serial form for communication with the computer as
shown in fig. 2E.

*Tucson Amateur Packet Radio.

When the computer wants to obtain the most recent
measurements, it sends a character to the circuit. The
UART (U9) converts the serial character to parallel
form and causes U10 to generate a pulse. The least
significant bit of the character comes out of pin 12 and
selects one of the A/D converters. The pulse from U10
causes the UART to begin conversion of the data from
parallel to serial form.

The connections shown for P1 assume a computer
port expecting a terminal. If using a modem port, use
a DB-25S connector instead and swap the connections
to pin 2 and 3.

U11 determines the speed for communications. R32
is adjusted for a frequency 16 times the desired baud
rate, for instance 19200 Hz for 1200 baud. The com-
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approximate ) N
item description quantity cosi * *
C1,C5 0.15 wF mylar (could 2 0.48 /; SnatCh Va]_UES fI'OlTl A/D /
use 0.1 + 0.047) /* converters before they */
C2.C6 0.22 4F mylar 2 0.33 *
€3.C10,C14 0.1 4F disc ceramic 3 0.15 /* have more of a chance to */
c4 2 uF electrolytic (could 0.34 7 ha nge. %/
use two 1 uF)
cr.cs 220 pF mica 2 0.42
ce 1 wF electrolytic 017 = .
c11.c12 100 pF mica 2 0.35 I‘l_freq adc___sample(O),
c1a 0.0068 mylar (could n dev = adc sample(l);
wse 0.0047 + 0.0022) 0.24 =l Al
CR1-CR7 1N4148 or similar 7 0.10 .
P DB-25P connecior 239 /* Any processing of */
Q1,03 2N3904 or similar NPN 2 0.25 * : : *
Q2 2N4403 or similar PNP 0.25 / received recol‘d 1S now /
R1.R2,A22.R24, /* done. */
R25.R27.R34,R35 10 kilchm . . . .
R3 10 kilohm, trim pot 0.29 ’/* ‘rhls COUld 1nclude plaC]'ng iV d
R4.A36 15 kilohm ke ] i * /
RS 12 kilohm / ot gcregn, pr;ntlng' 4
R6 5 kilohm, 15 turn trim pot 119 /% saving 1n a disk file, */
R7 2.2 kilohm * z *
AB.R9 180 kilohm / etc. /
R9.RID.R16,
R17.R26 100 kilohm .
R11.A13 57 kilohm *
R12 5.6 kilohm .
A14 12 ohms
R15 8.2 kilhoms
Aia 6 Megohms g - i - ] *
R20,.R21 2.7 kilohms, “closely maiched ',* PFOCESS Ca] 1bl ation data J /
R23.R3I1,A38.A39 1 kilohm / First scale and convert *_/'
R28 200 kilohms e 1 1 1 *
o O et / to decimal digits. *,
R32 2 kilohms, 15 turn trim pot 1.19
s e Rl /* 1gnore blank lines. */
fixed 1/4 wall resistors 39 0.06
urua 1458, dual op amp 2 0.59 . )
U2,Ud.U12 741, op amp 3 0.35 if (Rrec len > 0)
us, us ADC 0804, analog to I
digital converter 2 348 z P
uz,UTI 555, timer 2 0.39 /* Approximate conversions: w7
us.u10 74121, monostable multivibrator 2 0.39 * ]
u9 AY-5-10134, UART 3.95 /* (Extreme Value§ won't get */
/* thru most receivers.) * /
Approximate total  §28.00 ok * /7
y /
S * 1
“not in the catalog; possible substitutions are indicated. i fre g raw final text */
/* offset data number result*/
o /* (kHz) */
K ————— R N _ ... A B * /
/* =10 0 -100 "-10.0" */
/% -5 64 50 "-5.0" 1/
/% 0 128 o ".0" "/
/*  +5 192 80 5.0 * /
J* +10 255 1060 "10.0" %/
Vil * /
/* deviation */
e */
/- * 0 0 0 n " 0 n * /_1
Vs 5 128 KD M50 * /
/* 10 255 100 "10.0" #*/

I

n freq=((n_freq-128)*100)/128;
n_dev = (n_dev * 100) / 256;

for mat(n_freq, s freq);
for mat(n_dev, s dev);

/* Package compactly for */

fig. 3. Point-to-point wired circuits. /% screen Or log fFile. *7/
pleted point-to-point wired circuits are shown in fig. if (n freq > 0)
3. Pin designations for the six integrated circuit sup- strcpy(s compact, "[ +");
ply lines are provided in table 1. else

strcpy(s_compact, "[ ");

software description ) _ _
fig. 4. Segment of a routine executed when connection

In the automatic answer mode, the station “‘adver- is first established.
tises'’ the service available by beaconing and waiting —
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norm str("Welcome to the WB20SZ

automatic frequency/
deviation tester.");

norm str{" ");
norm str("Instructions:");
norm_ “str(" 1. Send several

non-blank lines.");

norm str(" 2. Wa1t for reply

after each.");

norm str(" 3. Ignore any

occassional erratic
values.");

norm str{" 4. Disconnect when

done.");

norm str(" ");
norm_ str("Recommended deviation

is no more than 3 kHz.");

norm_str("Anyone who disagrees

with the results is
invited");

norm str("to supply a reference

more accurate than my

2AT.");
norm_str(" ")
norm~str(" John");
/* Open the log file. */
/* Use the radio call with */

/*

" CAL" for file type. */

strcpy{temp,call};
strcat(temp,”.CAL");

Fp_

now
mny

cal log = fopen(temp,"a");

= time(0);
time(&now,date and_time);

fprintf(Fp_cal log,

/*
/*
/*

"$s %s, %s\n", f name,
1 name, date_and_time);

Find out if direct */
connection or via */
digipeater(s). */

function key (F_TNC_COMMAND) ;
hang around (1);

function_key (F_CONNECT);
normal key (CR);
hang _ around (1);
function key (F_CONVERS);

/*
/*

Another routine, that */
determines types of */
messages from TNC, stashes */
away the connection path. */
The closest digipeater, if */
any, is put in */
Digi_nearest and used in */

strcat(s compact, s freqg);

strcat(s _compact, ", ");
strcat(s_compact, s_dev);
strcat(s _compact, " [");

fprintf (Fp_cal log,"%s\n",
s_compact);

/% Construct more self- */

/* explanatory form for */

/* report to user. */

/* Instead of signed number */
/* for offset, give absolute */
/* value and "too low" or */

/% "too high." */

if (n_freq < 0)
{
strcpy(too, "low"});
for mat(-n_freqg, s freq);
| —
else
strcpy(too, "high");

/% See if direct connection. */
/* 1f one or more digipeaters */
/* used, put call of closest */
/* one in the message. */

if (Digi nearest(0] == NUL)
strcpy (who, "Your"};
else

{
strcpy (who, Dlgl nearest);
strcat (who, "’s");

}

sprintf(message, "%s frequency
is about %s kHz too %s.
Deviation is about %s
kHz.", who, s_freq, too,
s _dev);

norm_str(message);

}

fig. 5. Segment of a routine executed when a record is
received from the station being tested.

for someone to connect. The user of the system is
greeted with an explanation and a log file is opened
{a program fragment is shown in fig. 4). For each
record received, the A/D converters are sampled. The
numbers are scaled to appropriate units, formatted
into a message and sent back (a program fragment
is shown in fig. 5). The user, date, time, and meas-
urements are saved in a file for later analysis.

The method is certainly not foolproof. There is a
chance that another packet’s characteristics were sam-
pled in the time that it took for the line of text to be
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ICOM
SPECIAL
1C-745
$789.00

Authorized Dealers For

KENWOOD & [ 1ICOM

Also displaving the popular accessories needed to complete a HAM STATION . . .

ARRL PUBLICATIONS = AEA PRODUCTS « AMPHENOL

* ALPHA DELTA * ASTRON ¢ AUSTIN ANTENNAS = AVANTI

NEW
TS-9408

tuner

$1765.00

KENWOOD
SPECIAL

with automatic

¢ BELDEN * BENCHER * B & W » DAIWA » HAM-KEY

* HUSTLER * KLM ¢ LARSEN * MIRAGE * ROHN
* TELEX/HY-GAIN ¢ VIBROPLEX ¢ WELZ * ETC.

OPEN SIX DAYS A WEEK

Telephone 617/486-3400, 304
675 Great Rd., (Rte. 119) Littleton, MA 01460

I Name
| Address.
I City

Zip 3 ,
DICK SMITH ELECTRONICS INC
I P O Box 2249 Redwood City CA 24043

‘

Rush me my copy of the Dick Smith
Catalog, | enclose $1 to cover shipping I

214 I

HOT ROD
ANTENNA

Achieve 1 or 2 db gain over ANY % wave
two meler telescopic antenna. The AEA
model HR-1 Hot Rod™ antenna was
designed by Dr. D.K. Reynolds (designer of
the IsoPole) to deliver maximum
performance for any hand-held transceiver
with a BNC fitting,

The factory-tuned HR-1 is 20% shorter,
lighter and places far less stress on your
hand-held connector and case. It will easily
handle over 25 watts of power, making it an
excellent emergency base or maobile
antenna. In the collapsed position, the Hot
Rod antenna will perform like a helical
quarter wave.

The Hot Rod antennas can be expected to
make the same iImprovement to hand-held
communications that the lIsoPole brand
antennas have made to base station
operations. Why pay more when the best
costs less?

Prices and Specifications subject to
change without notice or obligation.

ADVANCED ELECTRONIC
APPLICATIONS, INC.

P.O. Box C-2160,

Lynnwood, WA 98036

(206) 7757373

Telex: 152571 AEA INTL

AA_g

1’ miles from Rte. 495 (Exit 31) toward Groton, Mass.

Brings you the

BIRD MODEL 4304

NO ELEMENTS
25-1000 MHZ
RF SAMPLING PORT

AUTHORIZED m DISTRIBUTOR

WEBSTER COMMUNICATIONS INC.
115 BELLARMINE
ROCHESTER, MI 48063
313-375-0420

CALL TOLL FREE
800-521-2333
800-482-3610

Breakthrough!

» 108

= 186



table 2. Newsletters dedicated to digital communications
via Amateur Radio.

American Radio Relay League
225 Main Street
Newington, Connecticut 06111
Gateway: The ARRL Packet
Radio Newsletter

British Amateur Radio

Teleprinter Group

7 Daubeney Close

Harlington,

Dunstable, Beds, LU5S 6NF
DATACOM

Chicago Area Packet

Radio Association

21W464 Army Trail Rd.

Addison, lllinois 60101
CAPRA Beacon

Florida Amateur Digital

Communications Association

812 Childers Loop

Brandon, Florida 33511
FADCA > Beacon

Georgia Radio Amateur

Packet Enthusiast Society

P.O. Box 1354

Conyers, Georgia 30207
Grapevine

New England Packet

Radio Association

P.0O. Box 15

Bedford, Massachusetts 01730
NEPRA PacketEar

Northwest Amateur Packet

Radio Association

13304 131st street KPN

Gig Harbor, Washington 98335
Zero Retries

Softnet User Group
Department of EE
Linkoping University
S-581 83 Linkoping, Sweden
Softnet News
Sydney Amateur Digital
Communications Group
P.0. Box 231
French’s Forest, NSW
Australia 2086
The Australian Packeteer

Tucson Amateur Packet

Radio Corporation

P.O. Box 22888

Tucson, Arizona 85734
Packet Status Resister

Utah Packet Radio Association
4382 Cherryview Drive
West Valley City, Utah 84120
UPRA Connect
Vancouver Amateur Digital
Communications Group
9531 Odlin Road
Richmond, British Columbia,
Canada V6X 1E1
The Packet

transferred from the TNC to the computer. This is why
instructions say to ignore any occasional erratic values.

One puzzled ham connected and got all kinds of ran-
dom frequency reports, even though he hadn’t sent
anything. It turns out that a playful Amateur continu-
ally attempted to connect to my station while tuning
his frequency back and forth. The solution was to rec-
ognize and ignore the '*** Connect request ..."" mes-
sage from the TNC.

There’s also a manual mode that allows the system
operator to perform measurements on another station
by digipeating back to himself via the other station or
just watching everything go by. The reporting and log-
ging of measurements are naturally different, but the
calculations are the same.

You don't need a high-powered computer for this
application — something like a VIC-20 and a little
BASIC program will be fine. It is important to get the
line of text from the TNC quickly (at least 1200 baud)
and sample the A/D converters before another packet
comes along. After the data has been collected,
there’s plenty of time to do the calculations and pre-
pare a response.

calibration

Proper adjustment is important to avoid giving incor-
rect reports. The procedure is simple. All you need is
an accurate RF signal generator and voltmeter. | used
the popular ICOM model 2AT synthesized RF signal
generator as my source.

First set the signal generator (and receiver of course)
to your local packet radio frequency. 145.01 MHz
seems to be the most popular frequency in most parts
of the country. Adjust R6 for zero volts at pin 7 of U1.
Set the signal generator frequency 5 kHz higher and
adjust R3 for 2.5 volts at the same place. Finally, set
the frequency 10 kHz lower li.e., 5 lower than origi-
nal) and observe the voltage. It should be close to
—2.5 volts.

If the negative voltage is much different than — 2.5,
you have a linearity problem as | did. In this case, alter
the setting of R3 until you set a DIFFERENCE of 5 volts
between + and —5 kHz input. At least this will give
a fairly accurate deviation for signals on frequency.

improvements

The output from my receiver is not very linear. For
instance, a station 2 kHz too high might be given a
report that it's 2.5 kHz too high, while a station 2 kHz
too low might be told he's 1.5 kHz off frequency.
(Note: a person on frequency is told he is on fre-
quency. The problem is non-linearity, not an offset of
0.5 kHz.) Possible solutions are compensation in soft-
ware, repair of the radio — or purchase of a new radio.

The modems commonly used for packet require the
two tones to be fairly close in amplitude. Hank,
WORLI, suggested measuring the amplitudes of the
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AMATEURTELEVISIO

® APPLICATIONS: Cordless portable TV camera lor races & other public semvice
evenis, ramote VCR, elc Remote controal of R/C airplanes or robots Show home
video lapes, compuler programs, repeatl SSTV 1o local ATVers DX depends on
antennas and lerrain typ 1 1o 40 miles

FULL COLOR VIDEO & SOUND on one small 3 25x4 board
AUNS ON EXTERNAL 13.8 VDC at 300 ma supply or batlery
TUNED WITH ONE CRYSTAL on 426 25 4340, or 439 25 mHz

2 AUDIO INPUTS tor a low £ dynamic and line
portable color cameras, VCRs, o home compulers

vl audio input Tound in most

® APPLICATION NOTES & schemalic supplied tor typical external conneclions
packaging. and system operation

* PRICE ONLY $159 delivered via UPS surlace in the USA Technician clas:
amaleur license or highaer required lor purchase and oparation

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV sel with a
TVC-2 or TVC-4 420-450 mHz to channel 3 downconverter, 70 cm anteénna, and coax
cable to receive Package up the KPFAS, add 12 1o 14 vde. antenna, and any TV
camera, VCR, or computer with a composite video output Simple. eh?

CALL OR WRITE FOR OUR COMPLETE CATALOG & more info on aly
downconverters, antennas, cameras, elc, or who is on in your area

TEAMS: Visa, Mastercard, or cash anly UPS COD by telephane or mail Telephone
orders & postal MO usually shipped within 2 days, all other checks must clear belore
shipment. Transmilling equipmen! sold only 1o lcensed amaleurs verilied in 1984

Callbook Call include sales tax
=

2522 Paxson Lane
Arcadia CA 91006

(818) 447-4565 m-f Bam-6pm pst.

P.C. ELECTRONICS

Tom WB0ORG Maryann WBBYSS

» 162

HOW DO RECEIVERS

REALLY PERFORM?
READ THIS BOOK.

GILFER SHORTWAVE Carie assoc m

You owe it to yourself to be informed. This comprehensive new
book explores the receiver world through real-life tests conducted
by internationally renowned radio engineer, Rainer Lichte. Read
scores of no-axe-to-grind reviews about such famous brands as
Panasonic, Sony, Yaesu, Kenwood, Drake, Eska, Hitachi, Grun-
dig, Phillips, JVC, Zenith, Dymek, ITT, Bearcat - both old and
new models, including ICOM R71A, Sony 2010, and Yaesu 8800

Explains the mysteries of technical specs, too. A must book.

GILFER SHORTWAVE

52 PARKAVE. - PARK RIDGE, NJO7656 -  Ph201/391-7887
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tones separately. This would require two band-pass
filters (for 1200 and 2200 Hz) instead of the high-pass
filter made up of C3 and R12. An additional peak
detector, low-pass filter, and A/D converter would
also be required. The deviation measurement would
be based on the larger value. The difference in ampli-
tude could be reported something like, “’Amplitude of
2200 Hz tone is 89 percent of other tone.”

conclusion

Asking people to drag their equipment to a meeting
for adjustment was not successful; the automated
approach has produced much better results. During
the first few days of operation about 20 stations tried
out the system. (This might not sound like many but
I'm running only 1-1/4 watts in a valley.) During later
measurements, most stations that were substantially
off had made correcting adjustments.

For readers who wish to become better informed
about packet radio, a list of organizations with news-
letters oriented toward digital communications via
Amateur Radio is shown in table 2.
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ANOTHER BREAKTHROUGH FROM AEA

Packet + RTTY=
Pakratt™ PK-64.

If vou ‘ve read about packet, or
are already into it vou know how
exciting it is. With the hot new
Pakratt PK-64 we've just brought a
new dimension to packet. The
Pakratt PK-64 is a complete, fully
assembled and tested packet radio
controller which, together with a
Commodore 61 or 128 computer,
can convert your shack into a
packet operations center.

And we've included a new version
ol our advanced MBA TOR™ soft
witre 1o make it the first packet
controller with AMTOR, Baudon,
ASCI and Morse. But an even
more exciting part of the Pakrat
controller is its great price,

Incredibly Simple
To Set Up

Just plug the Pakratt controller
into the C-64's game cartridge
slot, add a mic connector tor
connecting to your particular

transceiver, and vou're set.

I vou're anxious to try it out, our
new “quickstart” manual section
can get you on the air in under
12 hour.

Simply Powerful
The versatile Pakratt controller
shows messages and connect
status simultancously on yvour

Commodore with a unique split
screen display. And it lets you

PK-64 shown with HF modem option.
Computer not included.
send letter-perfect text from the
text editor soltware while mon
itoring incoming messages. The
20K byte QSO bufter stores more
than 20 video screens of text!
Disk commands let vou save

specitic operating parameters for
quick set-up for emergency
services, clubs, and multiple fre
quency use. And the Pakratt con
troller’s standard, TAPR stvle
modem gives vou 300 and 1200
baud operation with great
HE/VHEF performance.

We can't possibly list all of
the important teatures of Pakrat
here. But the absolutely best part
of the Pakratt PK-64 is that it's at
vour dealer now: So st P l'l':it“llg.
run down to vour local dealer,
and check Pakratt out, Because
the real challenge will be o find
one after the other hams see it

Pakratt PK-64. Packet Power
from AEA. At amateur radio
dealers evervwhere

A

Advanced Electronic Applications, Inc.
P.0. Box C-2160
Lynnwood, WA 98036-0918

(206) 775-7373
Telex: 6972496 AEA INTL UW

Pakratt and MBA-TOR are trademarks of Advanced Electronic Applications, Inc. Commodore 64 is a trademark of Commodore Electronics LTD. 104



V\i«i & BULLETIN

DEPENDABLE “'S-E-R-V-I-C-E” and, we fully intend 1o
carry on this proud tradition with even MORE new —~
product lines plus the same “fair'” trealment you've
come to rely on. Our reconditioned equipment is of the
tinest quality with 30, 60 and even 90-day parts and

For more than 40 years we
nave been serving the amateur
community with QUALITY PRODUCTS and

SERVICE

and

SATISFACTION!

AMATEUR CENTER

““AMERICA’S MOST RELIABLE AMATEUR RADIO DEALER"

SELL-TRADE

New & Reconditioned

labor warranties on selected pieces HAM EQUI PME NT

And, remember STORE HOURS: , . i
9-5 P.M. (CST) Call or Write Us Today For a Quote!

— WE SERVICE WHAT WE SELL — MONDAY thry FRIDAY You'll Find Us to be Courteous, Knowledgeable
OPEN SATURDAYS and Honest

AEA DRAKE MOSELEY from q:“r,' il .

ED

AMECO ENCOMM NYE SUNDAYS/HOLIDAYS PHONE (605) 886‘73]4

AMERITRON HUSTLER PALOMAR

ANTEK ICOMm RADIO CALLBOOK

ARRL JANEL ROBOT

ASTRON KANTRONICS ROHN

ANTENNA KDK TELEX / HYGAIN MAIL AND

SPECIALISTS KM TEN-TEC bl o boleny

BAW LARSEN TRIO-KENWOOD ~WELCOMED"

BENCHER MEJ UNADILLA / REYCO . . They're our

BUTTERNUT MINI-PRODUCTS YAESU business ! !

emeay M e AEA AMT-1. REGULARLY $479.95

‘@ {%‘ NOW ONLY $299.95
Write foduv for our lu'ES' THE AMTOR TERMINAL UNITIII Works with any

P.O.Box 73 ASCIl terminal or personal computer with a terminal

208 East Kemp
Watertown, SD 57201

program. Also works RTTY, CW, ASCII.
ORDER YOURS TODAY! [imited quantities.

ORR BOOKS

BEAM ANTENNA HANDBOOK

by Bill Orr, W6SAI and Stu Cowan, W2LX
The Beam Antenna Handbook, first published in 1955
has been completely revised and updated with the latest
information on Beam Antenna design. Computer designed
Yagis give maximum gain in minimum space. New info
on Yagi HF and VHF beams and dimensions on beams for 10, 18 and 24
MHz WARC bands. Everything you need to know abou! beam design, con-
struction and operation. 204 llustrations. 268 pages. 1st edition. ©) 1985

|
|
|
|
|
i
I
!
I "JRP-BA Softbound $9.95
I
|
|
|
|
:
|
I
|

Bulletin/Used Equipment List.
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""" 'You read about it first
in the New Products
section of ham radio:

"Many methods have been offered for
learning Morse Code, some good and
some not so good. This is a good one.

MASTER the code in 40% less time.

—+ The method based on the scientific
principles of Skill Acquisition and
Perceptual Learning

SIMPLE LOW-COST WIRE ANTENNAS

by Bill Orr, W6SAI
Learn how to build simple, economical wire anlennas. Apartment dwellers take
note! Fool your landlord and your neighbors with some of the “invisible ™ anten-
nas found here. Well diagrammed 192 pages. 1972 2nd edition
CIRP-WA Softbound $7.95

THE RADIO AMATEUR ANTENNA HANDBOOK
by William 1. Orr, WG6SAI and Stuart Cowan, W2LX

Contains lots of well illustrated construction projects for vertical, long wire, and
HF/VHF beam antennas. There is an honest judgment of antenna gain figures,
information on the best and worst antenna locations and heights, a long look at
the quad vs. the yagi antenna, information on baluns and how to use them, and
new information on the popular Sloper and Delta Loop antennas. The text is bas-
ed on proven data plus practical, on-the-air expenience 190 pages. ©1978. 1st
edition.

Adopted by the U.S. MILITARY
as the new training standard

Four cassettes teach the entire alphabet in
25 trials at 20 WPM!

Includes numbers, punctuation, special w205 |

characters, and an all new intro tape

[
|
|
|
|
|
|
|
| = Have you plateaved at 10-13 WPM?
|
|
|
|
|
|
|
|
I

———————————————————————— ] M S d$7.95
| @ Senid setls) @ $19.95 each op ! IRP-AH oftbound $7.
o IL res. add $1sales tax (5% & 7 | ALL ABOUT CUBICAL QUAD ANTENNAS
| v o 0.5
5 9 Nome @z | by Bill Orr, W6SAI — New 3rd Edition
| =2 5 = | Includes NEW data for WARC bands
= o Call Class o€ The cubical quad antenna is considered by many to be the best DX antenna
| O » - A T | because of its simple, lightweight design and high performance. You'll find quad
. O 5, a designs for everythi.ng.irnm the single element 1o the multi-element monster
| é Q. Address o'l quad. There's 3 wealth of data on construction, feeding, tuming, and mounting
| =2 3 i) quad antennas. 112 pages. © 1982 3rd edition
- > Gy State Zip 83 | LIRP-CQ Softbound $6.95
(=4 "
!_ Lg M(:lll to; TSG PO Box 3897 Carbondale. It 62902 H! Please add $1 50 lor one book, $2 50 for two of more books 1o cover shipping and handhing

Ham Radio’s Bookstore  Greenville, NH 03048
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low frequency DX

No more about Ye DX bands

Do Wilde Men push and pulle,

Or talk about TA’s, UJ'’s,

Or toss about Ye Bulle.

Ye Sunspot Cycle hath gummed Ye
Game,

Ye bands are dry as Snuffe.

And many Hardy Souls, no doubt,

Will find it hard to do Without,

Excepting Thee and Me, Old Friend,

Who Never Worked Ye Stuffe.

This touching ode to DX, written by
By Goodman, W1DX, in the late
1940s, certainly applies to DX today,
as far as I'm concerned.

But while HF DXers may be moan-
ing and groaning over the medicore
conditions, low frequency DXers are
having a fine time. Eighty and 160
meters are jumping these days!

A note from Bob Eldridge, VE7BS,
tells of some of the DX worked in the
Pacific Northwest:

The Australian CW signals can be
anywhere, usually below 1825 kHz.
The VK SSB rag-chewing groups on
daily are most often about 1832 kHz
and 1825 kHz, with a few around 1815
kHz. They are most consistent this
time of year (early summer) when they
can be worked virtually every morning
(their evening). | hear them from about
half an hour before sunrise to about
half an hour after. At about the time
they come up in strength here they are
dropping out at WOZV (Colorado), and

he drops out to me at about the same
time. He also hears them before and
after his suntrise, so the VK opening to
North America on 160 meters is quite
long.

But although the Spring equinox is
the most reliable time for Pacific con-
tacts, | notice looking back through
the log that | had good DX contacts
in January and February and some DX
In every month of the year. This week
(week of July 24th) everyone is on the
lookout for T31AT (Kiribati) and
A35PP (Tonga).

VE7BS uses an inverted-V antenna
with the apex at 105 feet and the ends
about 60 feet {fig. 1). This is his “‘com-
parison antenna’’ for the others that he
has experimented with from time to
time. Bob says it is broadside to
Australia and Europe, but works rea-
sonably well in all directions. Three
parallel wires are used in each leg and
the coax feedline is wound into an RF
choke just below the feedpoint of the
antenna.

Another 160-meter antenna that
VE7BS has used with success is the
so-called “"Lazy-U,” shown in fig. 2.
The vertical portion can be from 50 to
100 feet long, with the horizontal por-
tions bringing the system to resonance
without contributing much horizontally
polarized radiation. The VE7BS “'Lazy-
U” worked better than the inverted-V
in some directions and this was the
antenna he used to land 5NBARY
{Nigeria).

An interesting adaptation of this ver-

tical antenna that some 160-meter
DXers use is the so-called “G8ON"’
antenna, named after the Amateur
who popularized it on the band (fig.
3). The antenna is a half-wavelength
long, with the high current portion in
the vertical plane. The wire is end-fed
from the top end.

In closing, Bob has some interesting
remarks about radial systems, as ap-
plied to 160-meter antennas. He advis-
ed the 160-meter operator not to worry
too much about extensive radial sys-
tems. He says:

I managed WAC on 160 meters with
a vertical without any radials and
K7VIC has one of the most potent
signals on the band using a vertical
top-loaded monopole without radials,
so | wouldn't get depressed if | had no
room for radials. For transmitting, | see
nothing wrong with a 45-foot tower,
top-loaded with a Yagi, working
against a few properly disposed 8-foot
ground rods near the base and a
cluster of short radials or chicken wire
mesh under the tower. As far as | can
see, the main disadvantage of a rela-
tively short, loaded vertical is the nar-
row bandwidth achieved without
retuning.

For those west coast DXers in-
terested in 160 meters, Bob recom-
mends (and | concur) the 760 meter
West Coast Bulletin, published by
Dennis Peterson, N7CKD, 4248 A
Street SE, Space 609, Auburn,
Washington 98002. An SASE might
bring you details from N7CKD.
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4" (10.16¢m)

SPACERS

Apex is at 105 feet (32 meters).

fig. 1. The inverted-V antenna for 160 meters at VE7BS. Wires all lie in the same plane.

COAX CHOKE

N
60" (/8.28M)
TO GROUND

—

the effects of trees and
vegetation on your signal

From time to time |'ve received in-
quiries from Amateurs asking what ef-
fect upon their signals a nearby tree,
or group of trees, might have. Since
| didn’t know, | could only reply with
an evasive, ambiguous answer. My
good friend Marv, W6FR, who was
“bugged’’ by a tall tree into which his
20-meter beam fired on the European
path, was convinced that during the
months the tree was in bloom with
heavy foliage, his signal suffered.
When pressed for specifics, however,
he admitted under pressure that his
often-stated conclusion was a hunch.
The upshot of this was that his local
DX competitors feit they had a psy-
chological edge on Marv during the
spring months when the tree was in its
full glory!

The June/July issue of Broad-
casters 1D (published by Information
Dissemination, 2501 Hilldale Boule-
vard, Arlington, Texas 76016) has
some interesting information on this
subject. In an article by E.J. Pryor, Jr.,
of Broadcast Technologies, Inc., the
subject of foilage and vegetation is
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discussed, with respect to AM and FM
broadcasting. The article says, in part:

Almost any engineer at an AM direc-
tional station could tell you that his ar-
ray shifts each year due to the many
factors which are related to seasons.

In most cases, some of the changes
can be traced to ground conductivity
which varies due to the moisture, water
table variance, and the temperature fac-
tor in the area. Foliage growth has a
direct effect on the radiation perfor-
mance of your transmitting antenna. ...

The vegetation surrounding your
transmitter plant absorbs and reradi-
ates some of the energy radiated by
your antenna. At AM frequencies, the
vertical field can be reduced signifi-
cantly by high grass and green trees
near the antenna farm. At FM frequen-
cles, this signal loss can be approx-
imately 2.5 dB. Above 1000 MHz, the
losses due to ground scatter, signal ab-
sorption, Fresnel zone losses and ter-
rain can drastically change with the
green season. Losses can be as much
as 10 dB, or more.

You can control the foliage on your
property where your transmitter and
tower are located. Regardless of your
frequency, the area around your trans-

80° o
(24.38M)

50’
15.24M)

XOAX WIRE

10'(3.05M)
TO GROUND

|

fig. 2. The VE7BS “Lazy-U" antenna for
160 meters.
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fig. 3. The G8B8ON vertically polarized
antenna. The vertical section can be as
short as 33 feet (10.5 meters.)

mitter plant should be mowed regularly
and kept free of trees. Trees have the
greatest effect on your signal.... Tall
grass, especially when green or freshly
wet, can detune a directional array,
upset drive point impedance, mutual
coupling factors and significantly
degrade the station’s performance.
While these remarks are aimed at



vertical AM broadcast antennas and
FM arrays, the ideas could apply to
Amateur antennas. Most Amateur HF
antennas are horizontally polarized,
and my personal opinion (apologies to
WE6FR) is that nearby trees and foliage
have relatively little effect on antenna
performance in the HF region. In the
case of vertical antennas, however,
Mr. Pryor’s remarks my be interpreted
to mean that foliage and tall grass can
affect the operation of the vertical
antenna in the HF/VHF spectrum as
well as in the broadcast band.

I would appreciate hearing from
readers who may have experience in
this area to find out what effect, if any,
nearby trees and bushes have on the
operation of both horizontally and ver-
tically polarized Amateur antennas in
the HF and VHF regions.

the WOSVM “‘shorty-forty””
dipole

A good idea and a catchy name!
Jack, WOSVM, has spent considerable
time and effort designing a compact,
practical dipole antenna for city
dwellers who don’t have the space to
put up a full-size 40-meter antenna and
for various reasons don’t want to use
a vertical antenna.

Jack wanted to build a simple, rugg-
ed antenna that would not have load-
ing coils flopping around out in the
elements. He felt that a center loading
coil could do the job, if the coil was
made properly. After several months
of experimentation, he came up with
the antenna shown in fig. 4. Briefly,
it's a center-loded dipole about half the
size of the full dipole. The feedline is
tapped on the loading coil in such a
manner as to provide a good match to
a b0-ohm line. The line is cut to an
electrical half or full-wavelength and
can be run directly to the transmitter
or to a transmatch for maximum fre-
quency flexibility. When used with a
simple transmatch, the antenna has a
500-kHz passband between the 1.5:1
SWR points.

The resonant frequency of the
antenna is determined by the wire sec-
tions. The difference in tip lengths be-

18' 6"

—]
(5.638M) '}

—

L = 30 turns No. 12 ename! wire, 6 turns
per inch, 2-1/2 inch (6.35 cm) diameter,
5 inches (12.7 ¢cm) long. Tap 8-11 turns
off-center.

fig. 4. The ‘“shorty-forty”

18°6"

(5.638M)

f
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dipole of W@SVM.

tween 7.0 and 7.3 MHz is 10 inches.
It's best, therefore, to cut the anten-
na to that portion of the band in which
most of the operating is to be done.
Without the transmatch, bandwidth of
the antenna is about 150 kHz between
the 1.5:1 SWR points.

The shield of the coax line is tapped
to the center point of the coil and the
center conductor is tapped off-center.
Using the 18-foot, 6-inch (5.638
meters) flat-top dimensions, the coil is
tapped 11 turns off-center for opera-
tion at the low end of the band and at
nine turns off-center for operation at
the high end of the band.

Exact antenna resonance and the
minimum value of SWR can be achiev-
ed at any point in the band by chang-
ing the tip length of the wires and the
feedpoint on the coil. If operation is
mainly confined to the high frequen-
cy end of the band, the wire sections
can be reduced in length to 17 feet 8
inches (5.384 meters). All in all, the
design is quite flexible and the reso-
nant frequency and impedance match
can be varied at will to suit any spot
in the band, and also to match a 75-
ohm transmission line, if desired.

The antenna can be erected in the
conventional fashion or made into an
inverted-V, with the end tips close to
ground level. For best results, the
center of the antenna should be from

30 to 50 feet (9 to 15 meters) in the air,
and relatively clear of nearby objects.

While WOSVM doesn’t mention it,
I’'ve found it helpful in some cases to
wind the feedline into a choke coil
directly below the antenna feedpoint.
This reduces the RF field on the out-
side of the coax line and can reduce
TVl in some instances. Of course, if
the feedline is run parallel to the anten-
na after the choke is installed, all bets
are off because the antenna will be
coupled to the feedline by mere prox-
imity. It's best to bring the feedline
down vertically below the center of the
antenna to ground level, or to the level
of the station, if it's located on a higher
floor. Running the feedline parallel to
the antenna element(s) is bad practice,
regardless of the type of antenna used.

do you have an unusual
antenna?

Do you have an unusual antenna in-
stallation that would be of interest to
readers? If so, I'd like to see it. Just
send a clear pencil sketch of the anten-
na, including dimensions and the elec-
trical characteristics, such as the SWR
or operating bandwidth. A good black-
and-white photograph is always ap-
preciated, if the antenna can be
photographed! (It's very difficult to
take a decent picture of a wire anten-
na — although | have a friend who got
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Introducing the BUTTERFLY ™
Beam from Butternut!

Compact Size

The HF4B's 12'%-foot elements and 6-foot
boom are ideal for home-station use and
for weekend retreats, condos. apart-
ments and other places where oversized
beams are prohibited. Its light weight

(17 pounds) means it can be turned with
a v rotator, yet it is robustly con-

structed in the best tradition of our
world-famous Butternut verticals

See your authorized
Butternut dealer

(8¢

The HF4B Compact, 2-element
Beam for 20-15-12-10 meters

Performance

The HF4B BUTTERFLY '™ has not
sacrificed performance for compactness.
Its unique design with fanned elements
and L-C circuits avoids use of power-
robbing traps yet provided high-efficiency
operating on all bands. The BUTTERFLY '™
outperforms anything in its class.

The HF4B offers an SWR of 1.5:1 or less at
resonance. lis 2:1 bandwidth is 200 kHz on
20 meters, 450 kHz on 15, 1.7 MHz on 10,
and across the entire 12 meter band. And it
will handle the legal power limits both CW &
SSB. Gain is at least 3 dB on 20, 4.5dB on
15 and 5 dB on 10 & 12 meters. Front-to-
back is up to 18 dB on 10, 12 and 20m, and
up to 15dB on 15m.

E BUTTERNUT ELECTRONICS CO.

good pictures of a wire antenna by tak-
ing the picture at night, using a camera
with a flash attachment.)

Antennas featured in this column
will win their owners an autographed
copy of my Beam Antenna Hand-
book. * For those who don’t have an
inspirational antenna to talk about, the
handbook is available from Ham
Radio’s Bookstore.

MXHNY

In closing this December column, |
wish my readers a Merry Christmas
and a Happy New Year. And may DX
be good to you in 1986!

* Available from H-arn Hadic: Bookstare, Greenville, New

Hampshire 03048, $9.95 plus $3.50 shipping and
handling

ham radio

SATELLITE TV

buy from a HAM and SAVE

ZTE Communications
Pocatello, Idaho
Complete SYSTEM PACKAGES are available al
reduced prices. Call for quotes before you buy.

Here are a few sample prices
— RECEIVERS — we pay UPS Shipping
Chaparral SIERRA 85° polaramp, arm-———-51350
Luxor 9570/9534-02, B5° LNB, arm—
Drake 3245 with Down converter ——--—-
Drake 4245 with Down converter ———
Uniden UST 2000 with down converter ------------$235
Uniden UST 7000 with BOC and 18 inch arm--$1008
JANIEL BCR-2000 with Block down converter -—$313
— ANTENNAS — ANTENNAS — you pay shipping
Raydx 8.5 foot--$563 Raydx 10.5 foot—$632
Luxor 10.5 fool---8575 CALL

ZTE selis, Chaparral, Drake, Luxor, M/A Com, STS Panasonic
Houston tracker, Uniden, Toki, Hytec, Cal amp, MTI, PenTec
Sal-Tec, and others!

ZTE G ahons i owned and operated by John Wilson

405 East Market Street
Lockhart, Texas 78644

Please send all reader inquines direct

WABDYU, | am the only employee, | work oul ol my house
which means lower pices for you!!

Availability and prices are subject to change. Call John AFTER
5 PM mountiin time Telephone 1-208-237-1237 after 5 pm,
no collec! calls » 185

GUS BROWNING, W4BPD’s

DX’ERS MAGAZINE

For over 17 years, Gus's DX'ERS MAGAZINE has
brought thousands of DX'ERS worldwide, timely,
pertinent information on when and where to find
those elusive DX stations.

Gus's personable, chatty writing style and his years
of DX operating experience makes the DX'ERS
MAGAZINE a unique publication. One year $14 00
USA, Canada & Mexico.

. Gus also prints high quality QSLs and other related items.
~ 138 Write today for a free sample of his QSLs and DX'ERS MAGAZINE.

Gus Browning, W4BPD « PO Drawer 405 ¢ Cordova, SC 29039

GROTH-Type

COUNTS & DISPLAYS
VOUR TURNS -

® 99.99 Turns
e One Hole
Panel Mount
e Handy Logging Area
e Spinner Handle Available
Case: 2x4"'; shaft %""'x3"
TC? $12’5° Model TC2: Skirt 2-1/8"";

Knob 1-5/8"
TC3 $13.50 Model TC3: Skirt 3"";

Knob 2-3/8"

R. H. BAUMAN SALES
P.0. Box 122, Itasca, Ill. 60143

Prices include UPS
or Parcel Post in US



PERFORMANCE

THAT IS OUT OF THIS WORLD...

MODEL 2000 20MHz MODEL 3500 35MHz
DUAL TRACE DUAL TRACE DELAYED SWEEP

..AT A DOWN TO EARTH PRICE

At last! Truly affordable test equipment with no compromise in design, and features
you would expect to find only on oscilloscopes costing hundreds of dollars more! JDR
Instruments presents two, new, high-performance models backed by a two year
warranty and technical support which is only a phone call away. Perfect for the
technician or advanced hobbyist, both models feature Dual Trace capability and a
variety of operating and triggering modes, including CH-B Subtract and X-Y operation.

MODEL 2000 has a 20 MHz MODEL 3500 features a 35
bandwidth and 20 calibrated MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. 1mV/DIV sensitivity. Delayed
A convenient built-in component sweep and variable holdoff allow
tester provides additional stable viewing of complex
diagnostic power. waveforms.

ORDER TOLL FREE '
800.538-5000 e Rt o g

8?0-662-6279 (CA) San Jose, California 95128 (408) 995-5430

COPYRIGHT 1985 JOR INSTRUMENTS. EARTH PHOTO COURTESY OF NASA
THE JBA INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MICRODEVICES. JDOR INSTRUMENTS IS A TRADEMARK OF JDR MICRODEVICES.



The RF Wattmeter Model 81000-A from Coaxial Dynamics, Inc. NS ey
does more than provide accurate rf measurements. Testing of LE Ay TiNAL B

components can reveal unknown problems and assure

°""r'e'.'§"5'1ﬂ Wattkit features this easy-to-read RF
Wattmeter (pictured here), with its
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| COAXIAL
53 | DYNAMICS, INC.

15210 Industrial Parkway, Cleveland, OH 44135 « (216) 267-2233
Outside Ohio, WATS: (800) Coaxial, Telex: 980-630

World Society for the Protection of Animals

When DISASTER Strikes
YOU May be the Animals’ Only Hope

The World Society for the Protection of Animals
(WSPA), a nonprofit organization with offices around
the globe, takes action to help animals in crisis,
responding in times of fire, flood, earthquake, volcanic
eruption, oil spills, and civil unrest.
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To assure the quickest response to these disasters,
WSPA needs the help of ham radio operators in the

United States and abroad who can relay critical infor-
WSPAF,E?TPERR\E;SETL}J—IEY%ggoH[?[llg:‘”MS mation to and from international trouble spots.

- — s S = : WSPA 15 the only organization officially recognized by
NAME the United Nations as a consultant on animal disaster
- - T issues. We urgently need you and your radio. To

ADDRESS — register as an animal-emergency operator, simply fill
PHONE _ —— out the coupon and mail it to WSPA, Western

CALL B Hemisphere Regional Office, 29 Perkins St., POB 190,
EQUIPMENT AVAILABLE o - Boston, MA 02130, We'll be depending on you when

animals are in jeopardy.




Call Now For Super

TOLL FREE

1-800-328-0250
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-~ CADDELL o
«» COIL CORP. ‘¥

35 Main Street
Poultney, VT 05764
802-287-4055

BALUNS

Get POWER to your antenna! Our Baluns are
already wound and ready for installation in your
{ransmatch or you may enclose them in a
weatherprool box and connect them directly at
he antenna They are designed for 3-30 MHZz op
eralion. (See ARRL Handbook pages 199 or
6-20 lor construction details,)

100 Watt (4:1, 6:1, 9.1, or 1.1 impedance — Selecl ona) § 9.50
Univerasl T KW (41 el 1150
Universal T h2 KW (a1 16.00

Universal Transmatch 1 KW (6:1, 9:1 or 1:1 — select one) 15.00
Universal Transmatch 2 KW {6:1, 9:1 ar 1.1 — select one) 17.50

Please sond large SASE tor info

«~ 189

. Fit A,

AR-200 XL
MEDIUM DUTY ANTENNA ROTOR

select a Heading
Tums and Stops Aulomatically

Antenna

[ =2&

SIDEBAND SQUELCH

nvow Sinad can
BE MEASURED WITH
YOUR VOM

* Quickly tune Receivers, Cavilies,
Preamps, etc.

e Works with your VOM or AC
VTVM that has 2.5V full scale sen-
sitivity or better

» Fast accurate measurements.

e Sinad measurement displayed on
meter in “'dB"’ scale.

« Self contained, pockel size, go
anywhere instrument

* Powered by standard 9V batltery
or optional AC adaplor.

SINADAPTOR SAl-01

$79.95

Please add 83 50
shipping & handhing

2

NY res add 7% sabes tax
J.S. Technology, Inc.

39 Main Street
Scottsville, NY 14546
(716) 889-3048

» 148

(R5 Porta-Tenna
VHF/UHF Telescopic 1/4 & 5/8

Wavelength Antennas for
Hand-Held Transceivers &
Test Equipment

1/4 WAVELENGTH
Model No. Freq. MHz Description Prica
196-200 144-148 5/16-32 stud w/spring  $5.95
196-204 " BNC connector w/spring  7.95
196-214 " BNC connector 6.95
196-224  144-UP BNC conn. ad|. angle 1.95
196-814  220-225 BNC connector 6.95

5/8 WAVELENGTH
191-210 o 5/16-32 tor old TEMPO 22,95
191-214 4 BNC connector 19.95
191-219 " PL-250 w/M-359 adpt. 22,95
191-810  220-225 5/16-32 for old TEMPO 22.95
191-814 i BNC connector 19.95
191-940  440-450 5/16-32 for HT-220 22.95
191-941 5 1/4-32 stud 22 95
191-944 BNC connector 19.95

Largest Selection of Telescopic Anten-
nas. Write for Info. Prices are postpaid
via UPS to 48 States. For air delivery
via UPS Blue add $2.25. Florida add 5%
sales tax. Payment by M.O. or Cashiers
Check only. - 169

RF PRODUCTS

P.0.Box 33, Rockledge, FL 32955, U.S.A.
(305) 631-0775




Determining the next step
in flexible, robust
digital communications

AMTOR, AX.25, and HERMES:

a performance analysis of
three systems

AMTOR and the AX.25 packet protocol are cur-
rently being heralded as the state-of-the-art in Amateur
digital communications. This article reports the results
of an objective performance analysis of these two sys-
tems, and compares each to HERMES, a third, newly
proposed system. Four performance measures are
described and applied to each system.

applications

In order to choose reasonable conditions under
which to evaluate the performance of competing com-
munications systems, it is first necessary to look at
the ways Amateurs actually use digital communi-
cations.

If you listen to normal RTTY traffic on the HF bands,
you'll find that most Amateurs are engaged in casual
conversation. These QSOs are almost exclusively con-
ducted at a 45 baud (60 WPM Baudot) channel rate,
with throughput usually limited by the speed at which
the respective operators can type. While some of us
can type fast enough to keep a 45 baud system run-
ning fairly continuously, most cannot.

Other users — though fewer in number — are in-
volved in RTTY traffic nets, using computers or RTTY
equipment to relay third-party message traffic.
Although surprisingly fittle RTTY traffic handling
actually occurs {compared to the amount handled by
CW or SSB) at this time, the availability of improved
digital communications schemes may help to encour-
age the growth of this type of activity.

Some users employ computer data transfer for traf-
fic handling. It is primarily this application for which
the AX.25 “‘packet’’ systems are designed. And on
VHF, packet radio activity is growing rapidly. AX.25
has the capability of supporting conversation just like

RTTY, as well as direct computer-to-computer data
file transfer.

| believe we should push for a single digital com-
munications scheme that can adequately support all
types of users at both HF and VHF, including satellite
links. Such a system is not currently in use, nor has
one vet been proposed.

Twao of the three classes of users described above
are dealing exclusively with plain language text, using
the Baudot alphabet (or the AMTOR variation of the
Baudot alphabet). Computer hobbyists are using
ASCII, sending it in an eight-bit format so that arbitrary
computer data (as well as text] can be transmitted
within that scheme as well. Whatever digital scheme
we agree to accept as standard, it should support both
types of alphabet.

Those using digital communications for casual con-
versations are probably not too worried about a few
errors now and then in the received text, but would
like to see the channel processing their data fast
enough (100 bps is probably sufficient). On the other
hand, the other two user classes have no tolerance
for any hits, and are willing to sacrifice some channel
throughput to attain the required reliability. it would
be best to have a system that could be conveniently
optimized by the operator for each of these different
applications.

comparing systems

The following four criteria are useful in comparing
the various systems available:

* Throughput under ideal channel conditions. An
“ideal’’ channel introduces no errors, thereby allow-

By Jerome T. Dijak, W9JD/4, 2736 Gwynn-
brook Road, Montgomery, Alabama 36116
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ing the communications system to run at its highest
possible rate. (This is expressed in characters per sec-
ond {cps).)

* Robustness. This is the probability, expressed as
a percentage, that the system will falsely accept ran-
dom noise or badly corrupted characters as valid. Any
system must reject (or correct) all corrupted data
received under these conditions with high reliability —
i.e., have a very low probability of falsely accepting
corrupted data characters as valid. (The mathematics
used to compute this probability for each of these two
systems evaluated is presented in the appendix.)

¢ Bit Error Rate (BER) required to stop progress
{expressed as a percentage). It is assumed that ran-
dom bit errors are occurring at a certain rate. How high
must this error rate be to prevent the system from
occasionally transferring data successfully? Under
these circumstances, the throughput of the communi-
cations system is sharply reduced since there are many
repeats. But we want the system to make some prog-
ress — occasionally, data should be correctly trans-
ferred and acknowledged by the receiving end. Other
things being equal, it is desirable for a system to be
able to tolerate as high a random BER as possible be-
fore forward progress is stopped.

e Minimum Required Error Free Seconds
{MREFS) to maintain progress in forward data trans-
fer. Here a channel generating "‘burst’’ errors is as-
sumed. The channel makes no errors for a certain
length of time, and then becomes unusable for a cer-
tain length of time (an error burst). An interesting
parameter of a communications system is how short
the ““good’’ period of the channel may be while still
allowing successful and correct data transfer to occur
occasionally. Other things being equal, a system
should have a low MREFS requirement.

To make reasonable comparisons, we will assume
that each of the packet protocol systems is being oper-
ated with the same type of channel, arbitrarily a 100
bps synchronous channel such as that specified for
AMTOR, with a 20 millisecond allowance for radio
turn-around from transmit to receive and vice-versa.
For consistency, it is assumed that a 5-bit symbol
alphabet (Baudot) is being used when specifying
throughput performance, even though any of the sys-
tems can transfer Baudot, ASCH (7-bit), or arbitrary
computer data (8-bit) by employing appropriate alpha-
bet conversion subroutines.

Figure 1 illustrates AMTOR in operation."2 In the
ARQ mode, AMTOR sends three 7-bit characters and
then pauses for an acknowledgement signal {one 7-bit
character) from the receiving station before proceed-
ing with the next three-character group. If no acknowl-
edgement character is received, the last
three-character group is repeated.
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TIME

210
mSs

SENDER—-—-
} R

RECEIVER — ACK
240
m3 100 BPS SYNCHRONOUS

fig. 1. AMTOR ARQ mode.

L | (L ]

3 BYTES

/16 BYTES DATA
ADDR/CONTROL {0~ 256 BYTES)

CHECK/FLAG

fig. 2. AX.25 packet format (no repeater ID bytes).

Time relationships are quite specific. AMTOR
spends 210 milliseconds sending each group, and 240
milliseconds waiting for the acknowledgement before
sending the next group.

Like Baudot, AMTOR uses a 32-character alphabet,
but uses 7-bit symbols instead of the Baudot's 5-bit
symbols. Each AMTOR symbol is composed of three
0 bits and four 1's, allowing it to detect errors in its
received data (sometimes). To do this, AMTOR uses
a simple parity check. Each received character must
have four 1 bits and three 0 bits; if it doesn’t, an error
is flagged, and the entire group is discarded and must
be repeated.

If the channel makes one bit error per character {or
any odd number of bit errors per character) this simple
parity check successfully detects the error. But if the
channel reverses two (or any even number) of the
character’s bits, its 4/3 parity ratio will be preserved
even though it has now been transformed into a differ-
ent character of the alphabet. Under these conditions,
the AMTOR code will fail to detect the error.

With the channel producing few errors, it is likely
that no more than 1 bit error per character will be ex-
perienced. When the channel is very poor, however,
and is making many bit errors, one has about an equal
chance of experiencing an odd or even number of er-
rors. Consequently, there is a 50 percent chance of
an incorrect character unintentionally satisfying the
parity check.



packet system design

Good references for a detailed description of the
AX.25 or "packet protocol” are available.?3 AX.25 is
an adaptation of the 15-year-old data communicatons
protocol pioneered by the Defense Advanced Research
Projects Agency in the 1960s for error-free communi-
cations within telephone computer networks. This pro-
tocol assumes a telephone channel, or a channel of
similar quality (in terms of signal-to-noise ratio, band-
width, and lack of interference) in its design.

Figure 2 shows the current AX.25 packet makeup:
16 bytes or more of synchronizing and header infor-
mation at the beginning of each packet, followed by
up to 256 bytes of information, with the packet fin-
ished out with three final bytes for error checking and
flagging the end of the frame. If the packet has been
processed by one or more repeaters, seven additional
address bytes are added to the packet to identify each
repeater, up to a maximum of 9. For purposes of this
discussion, use of a simplex channel only, with its re-
quirement for only 19 overhead bytes in an AX.25
frame, is assumed.

Although AX.25 includes a significant amount of
overhead in each packet, it is a very good system in
light of the environment for which it was originally
designed. It is not, however, ideal for use on a chan-
nel that doesn’t look much like a telephone channel
— a narrowband HF channel with fading, noise, and
a high error rate, for instance.

Because this system was designed for transmitting
computer data, it contains a robust error detecting
scheme that provides a good probability of detecting
a garbled block regardless of the source or severity
of the errors.

Figure 3 shows the flow of activity on a packet
channel. Since just one block at a time is sent, and
each block must be acknowledged by the receiving
station before the next block is sent, a certain amount
of channel time is inevitably spent waiting. For our
analysis, delays similar to those used with AMTOR are
assumed.

The packet protocol is somewhat adaptive. Depend-
ing upon channel conditions, the operators can ad-
just the length of each packet by controlling the
number of data characters sent {up to 256) in each
block. Thus, when conditions are good and the chan-
nel is rarely making errors, a full-size block may be
used, with a correspondingly small proportion of the
channel time wasted in packet addressing overhead
and waiting for acknowledgements. On the other
hand, when the channel is very bad, the character
count can be greatly reduced to shorten the packets,
thus improving the chance of their being received
error-free. Very short packets are quite inefficient,
however, because of the addressing bytes that must
always be included.

TIME

4.36-22.0
SEC

senoer — [PAckeT o]

[Packer wo.z]
* 1 1

RECEIVER ———= ACK ACK

—1.52 SEC

100 8PS SYNCHRONOUS

fig. 3. AX.25 channel activity.

2 SYMBOLS
FLAG/ADDR

| ]

9-27 SYMBOLS ‘ 9—20 SYMBOLS ‘
INFORMATION f CHECK I

IR

fig. 4. HERMES frame format (5-bit symbols).

For our purposes, then, we will examine the packet
systems running with both maximum length packets
(even though, in practice, hams rarely use more than
about 80 data characters per packet) and extremely
short packets (only 16 data characters) as well.

HERMES system design summary

HERMES was designed to be superior to both
AMTOR and AX.25 in the Amateur narrowband HF
environment. The latest version of a system described
in reference 4, HERMES has been used experimen-
tally for the past several years.

The key to HERMES is the use of a Reed-Solomon
forwatrd error-correcting code. The chosen code uses
a b-bit symbol alphabet and 31 symbols per block; a
typical frame is diagrammed in fig. 4. The coder and
decoder are adaptive — i.e. the ratio of data symbols
to check symbols in each block is controllable by the
operators 1o allow optimization to channel conditions.
The check symbols add redundancy to the data in a
special way that allows the system to mathematically
correct some symbols in each frame that have been
altered or destroyed by the channel. (Reference 4 also
provides additional details on how forward error cor-
recting systems work.)

This feature allows HERMES to perform efficiently
when channel conditions are favorable, as well as
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when the channel conditions are poor {in this case data
transfer efficiency is traded off in favor of gaining addi-
tional error correcting capability).

HERMES uses a protocol that assumes a single link
{i.e., a pair of stations in contact), but is also designed
to accommodate net type operations, Unlike AX.25,
it is not configured to allow several simultaneous and
independent QSOs on a single channel, thus greatly
reducing the number of overhead bytes that must be
transmitted in each block.

The system is designed to handle Baudot charac-
ters, and conversions of 7-bit ASClI characters and
arbitrary 8-bit bytes directly, so that all types of data
can be handled with the same efficiency.

The operator can choose any of 48 different config-
urations that have been implemented; these support
16 different modes in each of the Baudot, ASCIl, and
byte communications modes. Data transfer efficiency
of the system ranges from 93.5 down to 32.3 percent,
depending on the degree of error correcting capability
chosen. The probabilities of falsely accepting cor-
rupted data as valid vary from 2.6 to 0.0000009 per-
cent; error carrecting capabilities vary from 0 (error
detection only) to 11 symbol errors per block (35 per-
cent correction capability).

The system can function in an ARQ mode or in a
broadcast mode in which no acknowledgements are
sent. in the ARQ mode, HERMES sends from nine
to 27 data blocks per transmission (depending upon
system configuration), after which the link is turned
around, and the receiving station sends one ‘‘acknowl-
edge’’ frame to identify all the blocks that were
received correctly or were correctable. This pattern is
illustrated in fig. 5. Since the ratio of data frames to
acknowledge frames is quite high, there are relatively
few link turn arounds and little wasted link time spent
waiting for radios to switch. In the broadcast mode,
HERMES sends the data frames using the same code
configurations, but does not wait for acknowl-
edgements.

AMTOR (ARQ) analysis

AMTOR sends three characters (requiring 210 milli-
seconds), then pauses for 240 milliseconds to allow
the acknowledge signal to be received. Therefore 3
characters require 450 milliseconds to send under ideal
conditions, resulting in a 6.67 cps throughput.

Under conditions of no signal (random noise input
only}, AMTOR will recognize a “"block” only if it sees
three valid characters. Since there are 34 legal charac-
ters out of the 128 possibl/e 7-bit characters, the prob-
ability of any single character looking valid, with
random input, is 34/128 = 0.266. The probability that
three such characters in a row are received with only
noise input is the third power of this number, or about
1.9 percent.
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Under very noisy signal conditions, in which we
assume that many bit errors are being experienced,
and we assume that a valid signal is being received
in addition to the noise, we have a 50 percent chance
of experiencing an even number of bit reversals in the
received characters. If the odds of receiving an incor-
rect, but valid-looking, character are 50 percent, then
the probability of receiving three of these is the third
power of 0.50, or 12.5 percent. This second case is
really more relevant to our discussion, and it is this
number that we'll use for our robustness figure for
AMTOR.

Just one bit error during each 450 millisecond is
enough to stop data transfer progress with this sys-
tem. This bit error would either corrupt the data trans-
mission or the acknowledge signal, and the corruption
of either is sufficient to force a repeat. Once we con-
tinually force repeats, the forward transfer of data has
stopped. One bit in 450 milliseconds at a 100-bps data
rate corresponds to a 2.22 percent BER.

To get data through once in a while, AMTOR needs
to occasionally obtain a 450 millisecond window of
error-free transmission by the channel. Therefore, for
this system, MREFS = 0.45.

maximal frame packet analysis

A maximal length frame (256 data bytes) is used to
configure the packet system for performance under
ideal conditions. Without the repeater addressing
bytes, the standard AX.25 packet requires 19 bytes
of overhead for addressing and error checking, so the
complete frame is 275 bytes long.

The AX.25 acknowledge frame would consist of just
the 19 overhead bytes. With 22.0 seconds required to
send the 275 byte information packet at 100 bps and
1.52 seconds required to send the acknowledge packet
{plus two 20 millisecond intervals assumed for radio
switching), the system requires 23.56 seconds to trans-
fer one frame under ideal conditions. This corresponds
to 10.86 cps for 8-bit characters, or 17.36 cps for
equivalent 5-bit characters (409 5-bit characters can
be loaded into the 256 byte data frame).

By the nature of the 16-bit CRC (Cyclic Redundancy
Check) code used for error detection in the AX.25 for-
mat, the probability of a corrupted block being falsely
accepted as valid is 1.53E-5 (0.00153 percent), regard-
less of whether we are talking about random noise or
a noisy signal input to the system. The CRC is a much
more sophisticated algorithm than the simple parity
check used in AMTOR, and is much more robust in
the presence of massive channel errors.

Since AX.25 is only an error detection scheme, one
bit error occurring during every 23.56 seconds would
destroy the correctness of either the data frame or the
ACK frame, and in either case the data frame would
need to be repeated. Therefore, a random BER of



Everything from Superman III
to Super Bowl XX.

Movies. Sports. News. Entertainment specials.
Music videos.

Everything you always wanted to see on
television but were afraid you'd never get.

Over one hundred channels of spectacular
entertainment. Of crystal clear reception.
Throughout the house. 24 hours a day.
With no monthly fees. No cable TV.

Come see the entire line of Uniden
Satellite Television Systems. It's legal.
It’s affordable. And it's a whole new
world of television. Right in your own
backyard.

uniden |

Satellite Television Systems

ST O Antenna

2410 Ridge Road West 17 Industrial Street

Rochester, New York 14626 Rochester, New York 14614
716-225-6130 716-454-3630

1-800-824-5014 1-800-824-5014
Sales Service

NATIONAL: 1-800-732-TVRO
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For a Total UHF S

ICOM offers a variety of
UHF gear to meet your
operating requirements...
the IC-471H base station
transceiver, IC-47A compact
mobile, IC-04AT or IC-4AT
handheld transceivers, and
the RP-3010 crystal controlled
repeater.

The IC-471H all mode
430-450MHz base station
transceiver provides 10 to 75
watts of adjustable power.
With 32 full-function memories,
32 PL tones, memory scan,
mode scan and programmable
band scan, the |C-471H pro-
vides maximum UHF base sta-
tion performance. The IC-471A
25 wattversion is also available.

“ I II r-' ‘; = L’

ru’lrll"l

—

Choose ICO

The IC-47A 25 watt
440-449.995MHz ultra-
compact FM mobile provides
superb performance in the
mobile environment. Measur-
ing only 52" wide by 112" high
by 9" deep, the IC-47A also
features nine full-function
memories, 32 built-in PL tones
and a complete scanning
system. Each unitcomesstan-
dard with an HM-23 mic with
up/down scan and a mobile
mounting bracker.

Optional AG-35

Mast Mounted g
GaAsFET
Preamplifier

for IC-471H E

"

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 28005 /

The IC-04AT top-of-the-
line UHF handheld features
DTMF direct keyboard entry,
LCD readout, 32 PL tones, 3
watts standard (5 watts
optional) and 10 memories
which store duplex offset and
PL tone.

The IC-4AT handheld
features 440-449.995MHz
coverage, a DTMF pad, 1.5

L

stem,

watts output and thumbwheel §

frequency selection.

The IC-04AT and |C-4AT
come standard with an [C-BP3
NiCd battery pack, flexible
antenna, AC wall charger, beit
clip, wrist strap and ear plug.
PLUS a wide variety of slide-on
battery packs and accessories
are available.

The RP-3010 crystal con-
trolled UHF repeater covers
from 430-450MHz and in-
cludes CTCSS, 3 digit DTMF
decoder and CW IDer.

See ICOM’s full line of
UHF gear atyour local ICOM
dealer.

First in cé‘rh‘rnunicatiohs

/ 3331 Towerwood Drive, Suite 307, Dallas, " TX 75234

te and subject ta change without notice or obligation. All ICOM radios significantly exceed FCC regulations limiting spurious emissions. 471H1184
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The World's Most
Compact Mobiles

ICOM'’s three ultra com-
pact mobiles...the IC-27A
2-meter, the IC-37A 220MHz
and the IC-47A 440MHz...
are the smallest mobiles
available.

Even in such a small pack-
age the 25 watt mobiles
contain an internal speaker
which makes them fully self-
contained and easy to
mount.

Size. The ICOM compacts
measure only 5/2"W x 1/2"H x
7D (IC-47A is 9" deep)...
which allows them to be

mounted in various “compact”

locations. Yet the compacts
have large operating knobs

which are easy to use in the
mobile environment.
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More Features. Other
IC-27A/37A/47A standard
features include a mobile
mount, IC-HM23 DTMF mic
with up/down scan and
memory scan, and internally
adjustable transmit power.
An optional IC-P$45 slim-line
external power supply and
IC-SP10 external speaker are
also available.

Internal
Speaker

32 PL Frequencies. The
IC-27A/37A/47A come com-
plete with 32 PL frequencies.

9 Memories. The compact
mobiles have 9 memories
which will store the receive
frequency, transmit offset, off-
set direction and PL tone. All
memories are backed up with
a lithium battery.

Speech Synthesizer. To
verbally announce the receive
frequency, an optional UT-16
voice synthesizer is available.

Scanning. The ICOM
compacts have four scanning
systems...memory scan, band
scan, program scan and priority
scan. Priority may be a memory
or a VFO channel...and the
scanning speed is adjustable

Stacking Mobile Mounts.
The IC-27A/37A/47A can be
stacked to provide a three
band maobile station. Each
band is full featured and will
operate even when another
band is in use

The IC-27A/37A/47A pro-

vide superb performance in

the mobile radio environment
See them at your local ICOM
dealer

{ICOM

Flrst in Co\humcatlons

ICOM America, Inc., 2380~116th Ave NE, Bellevue, WA 98004 / 3331 Towerwood Drive, Sulte 307, Dallas, TX 75234

All stated specifications are approximate and subject to change without notice ar obligation. All ICOM radios significantly exceed FCC regulations limiting spurious emissions. MOBIL E5385



Message
Master

Real-voice message system
For any repeater or base

Now you can communicate vital information even when
the station you are calling is not on the air — with
Message Master. Message Master is a solid state voice
recording system which can record messages just by
listening to you speak, store messages in memory, and
deliver messages on demand. If you can’t be there to
deliver your messages let Message Master deliver them
for you - any messages in any language and in your own
voice!

Message Master connects easily to any radio system for
remote access: repeaters, base stations, even transceiv-
ers. It can even be connected to an autopatch device to
exchange messages between your radio system and the
telephone network.

Message Master is a multi-user system with mailbox
style personalized message service fora hundred users.
With 8 minutes of message storage it can store
hundreds of messages simultaneously making it ideal
for large, active repeater groups.

Would you like your callsign identifications,
tail messages, and bulletin messages sentin
real-voice? Message Master can send them
too. Record several identification messages
and it will even send adifferent ID each time.
Almost like magic, Message Master knows
when to send identifications and tail mes-
sages so it needs no special control signals
from your base or repeater.

Call or write for further information before
you make another wasted call.

Commercial users: Ask for a brochure on
the Message Master Electronic Dispatcher
with group and all call messaging.
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Create messages just by talking. Message Master’s
‘real-voice’ technique saves YOUR VOICE In digital
memory to dellver messages In your own voice, lan-
guage and dialect.

Mailbox-style operation gives individual message
dellvery service to 100 system users.

Easlly added to any repeater or base station for re-
mote operation with only four connections.

Special features Include callsign Identifications, tall
messages, and bulletin messages.

Digital message storage provides instant playback of
stored messages.

Modular memory meets your exact needs from 2 to £
minutes of total message storage.

Serving all your repeater needs

Mark 4 Repeaters and Repeater Controllers are THE PER-
FORMANCE LEADERS with real voice, more autodial numbers,
more synthesized voice and more features.

Mark 3 Repeaters offer the winning combination of high per-
formance and high value.

LR-1 Repeaters boast superb RF circuitry at an economical
price.

MR-4 Receivers with 7 helical resonators are the only receivers
to choose in harsh RF environments.

PA-100 Amplifiers with rugged TMOS power FETs give you a
continuous duty high power signal.

COMING SOON: A 4-channel re
ceiver voting system which oper
ates on true signal-to-noise ratio t¢
extend your coverage by linking tc
remote receivers.

23 Elm Park
Groveland, MA 01834
(617) 372-3442



TIME

13.95—-41.85
SEC
/9—27 FRAMES

sewoes~([TITITY | [CLIIITD

RECEIVER —= ACK ACK

/.55 SEC

! FRAME

100 BP5 SYNCHRONOUS

fig. 5. HERMES channel activity.

1/2356 or 0.042 percent would stop all progress for
AX.25 in this configuration.

By the same token, to get data through once in a
while, the channel must occasionally be good for at
least 23.56 seconds at a time. So MREFS = 23.56.

minimal frame packet analysis

When channel conditions are very poor, we would
want to operate the packet system with a very short
frame — let’s say just 16 data bytes, in addition to the
19 overhead bytes always required.

With this frame length, we need only 2.8 seconds
to send the data frame, and a total of 4.36 seconds
to compilete a data transfer, including the ACK frame.
This corresponds to 3.67 cps for 8-bit data and 5.87
cps for 5-bit characters.

The probability of a corrupted block being falsely
accepted as valid is the same as with the maximal
frame configuration, 0.0015 percent since this charac-
teristic depends only upon the number of check bits
used and the error detection algorithm.

The BER required to stop the system is now 1 bit
in 4.36 seconds, or 0.23 percent. MREFS for this con-
figuration is 4.36.

HERMES analysis

Case 1. For the first HERMES configuration we
assume a good quality channel and choose a mode
appropriate for maximum data throughput and ade-
quate error probability for conversational use. We use
a configuration with 29 data symbols and just 2 check
symbuols per block and operate the decoder in an error-
detecting mode only.

For the throughput calculation, we assume the
transmission of 27 data frames containing 27 informa-
tion characters each, followed by 1 acknowledge
frame from the receiving station. After allowing for
two 20 millisecond switching intervals for the radios,
the total time required for the exchange is 43.44 sec-
onds. Since 729 characters are transferred, through-
put is 16.78 cps {5-bit characters).

With two 5-bit check symbols and an error detect-

ing mode only, the probability of falsely accepting a
bad block is 0.098 percent, regardless of whether we
are talking about random noise or a noisy signal being
fed in to the system.

To stop forward data transfer, we must have 1 or
more bad bits in each frame sent by the sending sta-
tion, which corresponds to one bit error out of 155,
or a 0.65 percent BER. We can make some progress
as long as at least one frame can get through once
in a while, which requires 1.55 seconds, so MREFS
= 1.55.

Case 2. For our second example we choose a
HERMES configuration with 17 data symbols and 14
check symbols in each frame, with the decoder run-
ning in a six-error correcting mode (6 symbols out of
each 31 symbol frame can be corrected).

In this configuration, the system will send up to 15
data frames before waiting for an acknowledge frame
from the receiving station. This works out to 24.84 sec-
onds to transmit the 15 frames and receive the
acknowledgement. 225 characters would be transmit-
ted during this time, for a throughput under ideal con-
ditions of 9.06 cps.

In this mode, the decoder’s probability of falsely
accepting a bad block as valid is 0.000059 percent.

Since six symbol errors can be made in each frame
with the decoder still being able to correct the block,
this corresponds to one symbol in every five being in
error. |n order to stop forward progress, then, we must
have one character in every 4 be in error. This cor-
responds to a random bit error rate of 1in 20, or 5
percent.

On a bursty channel, we must be able to receive at
least 25 symbols of a block without error in order to
be able to correct it completely. This corresponds to
MREFS = 1.25 seconds.

Case 3. For this example we assume a very poor
channel, and are willing to sacrifice additional through-
put to enhance the forward error-correcting power of
the code. Here we use a configuration with 11 data
symbols and 20 check symbols per block, and we allow
the decoder to correct up to 10 errors per frame.

In this configuration, HERMES will send 9 data
frames at a time before waiting for an acknowledge-
ment, and spend 15.54 seconds doing it. In these 15.54
seconds, 81 characters will be transferred, for a
throughput of 5.21 cps.

In this configuration, the probability of the decoder
falsely accepting an invalid block is 0.0000029 percent.

Since the decoder can correct 10 symbols out of
a 31 symbol frame, a channel making random bit errors
can destroy every third symbol, and the decoder will
still be able to fully correct the frame. Therefore, to
stop the system, the channel must corrupt one symbol
out of every two, for a random bit-error rate of 10
percent.
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table 1. Performance summary.
BER
throughput robustness required to stop MREFS
system/statistic {cps) {percent error) {percent) {seconds)
AMTOR ARQ 6.67 12.5 2.220 0.45
AX.25 (Max) 17.36 0.0015 0.042 23.56
AX.25 (Min) 5.87 0.0015 0.230 4.36
HERMES/1 16.78 0.098 0.650 1.55
HERMES/2 9.06 0.000059 5.000 1.25
HERMES/3 5.21 0.0000029 10.000 1.05

On a bursty channel, we need to get 21 symbols out
of every frame transmitted without error, so MREFS
= 1.05.

performance summary

Table 1 summarizes the performance figures we
have developed for each of the competing schemes.
Once again, the ideal system would have a high
throughput, a very low robustness percentage, a very
low BER required to stop, and a very low MREFS.

AMTOR can absorb up to a 2.22 percent random
channel BER before being stopped, and needs only
0.45 seconds to make progress, which is good, but
the fact that it has a 12.5 percent chance of falsely
accepting invalid data as valid is disqualifying. We can,
and should, do much better than that.

The two AX.25 packet configurations evaluated,
which fully bracket the usual operating configurations,
represent the extremes of performance available with
the AX.25 protocol. First, we see that packet’s proba-
bility of falsely accepting invalid data is fairly low,
which is good. 0.0015 percent is low enough for most
purposes, and might need augmentation only when
very large files are transferred at high data rates at UHF
and beyond. (This figure equates to the acceptance
of one bad frame in about 67,000.)

The maximal packet configuration produces a good
throughput figure of 17.36 cps, but at the expense of
allowing only a 0.042 percent random BER before be-
ing stopped and requiring 23.56 seconds to get a
packet through. As we said before, if you have a good
enough channel, this will work nicely. Good channels
are pretty easy to get at VHF, but HF is another story.

The minimal packet configuration allows the chan-
nel BER to increase by a factor of 5, up to 0.23 per-
cent and reduces the minimum required error-free
seconds to 4.36, which is more realistic for an HF
channel. The throughput, however, has now dropped
to 5.87 cps.

HERMES configuration 1 was chosen to obtain the
highest possible throughput while maintaining a
robustness adequate for conversational communica-
tions. It achieves a 16.78 cps throughput, which is very
nearly as good as the AX.25 protocol under the best
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of conditions, and it does this while allowing a 0.65
percent BER before being stopped (this is 15 times
more tolerant than the maximal length packet
scheme), and an MREFS figure of just 1.55 seconds
{1/15th the minimum required time for maximal length
packet). Robustness in this configuration, 0.098 per-
cent, is not as good as the AX.25 figure, but is more
than adequate for the intended application, casual
conversation.

Comparing the performance of HERMES case 1 to
the minimal length packet case, we see that the packet
scheme runs at about one-third the throughput and
is still about three times less tolerant in both BER and
MREFS.

HERMES configuration 2 was chosen for use on a
moderately degraded channel, and in an application
where high accuracy was required. Its 9.06 cps
throughput falls midway between the extremes of the
AX.25 configurations and its robustness is several
orders of magnitude better than AX.25. Interestingly
enough, it does this while being even more tolerant
of channel errors, now allowing a 5 percent random
BER before being stopped, and requiring 1.25 error-
free seconds to transfer data. Comparing these figures
to those for the minimal length packet scheme,
HERMES is providing 54 percent more throughput
while allowing a 27 times greater random BER in the
channel, and requiring ‘‘good channel” bursts only
one-third as long as AX.25. All these factors translate
to superior performance by HERMES.

Even though the performance of AMTOR is disqual-
ifying, due to its poor robustness, it is interesting to
note that in this case, HERMES provides 36 percent
more throughput. And while AMTOR does excel in
the MREFS department, requiring only 0.45 seconds
compared to 1.25 for HERMES, HERMES will allow
more than twice as high a random BER before being
stopped (5 percent versus 2.2 percent, overall), there-
fore, HERMES wins the comparison here, too.

Chosen for use on a very bad channel, HERMES
case 3 allows a throughput of 5.21 cps, slightly worse
than the minimal length packet case. But it has a
phenomenally low probability of falsely accepting in-
valid data (0.0000029 percent), and can withstand a
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9 MHz CRYSTAL FILTERS

I Bang-
:ﬁf width Poles

24 kHz
24 kHz
2.4 kHz
24 kHz
24 kHz
375 kHz
50 kHz
12.0 kHz
500 Hz
500 Hz
250 Hz
IF noise 15 kHz

10.7 MHz CRYSTAL FILTERS

XF107-A NBFM 12 kHz
XF107-8 NBFM 15  kHz
XF107-C WBFM 0 kHz
XF107-D WBFM 36  kHz
XF107-E PixiDala 40 kHz
XM107-504 FM 14 kH2

Export Inquiries Invited

mDELa@EROT@mEU

88EEE

w»

Shipping $3.75

MICROWAVE MODULES VHF & UHF EQUIPMENTS

Use your existing HF of 2M rig on other VHF or UHF bands

LOW NOISE RECEIVE CONVERTERS

1691 MHz MMK1691-137 £249 95
1296 MH2 GaAsFET MME 1 296- 144G 140 95
432/1435 MMc432-28(S) 74.95
430-ATV MMc439-Ch x B9 95
220 MHz MMc220-28 7495
144 MH2z MMc144-28 59 95
Options: Low NF (2.0 0B max., 1.25 9B max ), other bands & |IF's available

LINEAR TRANSVERTERS

1296 MHz 1 8 W output, 2M in
432/435 10 W output, 10Min
144 MHz 10W output, 10M in
Other bands & IFs available

LINEAR POWER AMPLIFIERS

1296 MHz 20 W oulput UP1296-20-1
A432/435 100 W outpul MML432.100
50 W oulpul MML432:50
30 W oulpul MMLa32-30-LS
144 MHz 200 W oulput MML 144.200-5
100 W output MML 144.100-LS
50 W oulput MML 144.50.5
30 W output MML144-30-L.S
All models include VOX T/R switching
L 'models 1 or 3W drive, others 10W drive

Shipping: FOB Concord, Mass

ANTENNAS

420-450 MHz MULTIBEAMS

28 Element 7OIMBMZ28 12 dBad 95 $30 95
48 Element 70/MBMAB 15 T dBd - 59 95
B8 Elemeanl TO/MBMBS 18 & dBd - B9 95
144-148 MHz J-SLOTS

10 + 10 Twist 10XYEZM 11 3 dBd A9 95

UHF LOOP YAGIS

12501350 MHz 29 loops 1296-LY 20 dBi $49 95
1650-1750 MHz 29 loops 1691-LY 20 dBi 58.95
Order Loop-Yagi conneclor extra Type N $14. 85 SMA §5 95

MMI1796 144G
MMI432.28(5)
MML144.28

» 175

Send 44¢ (2 stamps) tor lull details of all your VHF & UHF !@| *

equipment and KVG crystal product réguirgmants

(617) 263-2145
SPECTRUM
TERNATIONAL, INC.
Post Office Box 1084
rd, MA 01742, U.S.A.
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10 percent random BER, 50 times that tolerated by the
AX.25 scheme even with minimal length packets.

conclusions

Although AMTOR has excellent burst error perfor-
mance, its probability of falsely accepting invalid data
under poor conditions (at 12.5 percent) makes it a non-
competitor when systems like AX.25 and HERMES are
considered.

Under good channel conditions the AX.25 packet
scheme does very nicely, with good throughput and
adequate robustness, but it bogs down rather rapidly
once channel conditions start to degrade, since it has
no capability for forward error correction.

HERMES combines, in one adaptive system, the
capability to achieve very nearly the same throughput
as AX.25 under ideal conditions, as well as very nearly
the burst error performance of AMTOR. It allows con-
venient optimization and is able to tolerate a much
higher rate of random channel errors than is either
AMTOR or AX.25 due to HERMES's use of powerful
Reed-Solomon forward error correcting codes. It rep-
resents the next step in flexible and robust digital
communications.

Appendix
The probability of falsely accepting a corrupted data block (an
“Undetected Bad Block’') will be denoted as Pgg. It can be com-
puted as follows for an error-correcting or error-detecting algebraic
block code (such as the CRC or Reed-Solomon codes.)
For an error-correcting code:

A1\ . ora.niE
Binn (F ) fA-1)
A¢
where: A = 2m (the code alphabet size)
m the number of bits per codeword symbol
{m = B for AX.25 CRC, m = 5 for HERMES)
A-] =2m-1
2 the number of errors being corrected by the
decoder
C = the number of check symbols in each
codeword
I!-"!"’j the combinatorial factor for (A-1) things taken
) E at a time
fA-1)!
E! (A-1-E)!

For an error-detecting code:

Pupp - 1At
where: A and C are defined as above for error-correcting codes.
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For the ultimate “on the ground"
service and antenna installation,

a ROHN "Fold-Over"” Tower Is your
best buy. Your safety comes first with
“Fold-Over."” For complete details write:

“TUNE IN"” THE WORLD

M OF SPECIALIZED
29 ams COMMUNICATIONS!

Thousands of ‘‘Ham Radio"
operators across the country
are enjoying ‘'‘Specialized
Communications'' modes.
Whaether it's FSTV, SSTV, FAX,
OSCAR, EME, RTTY, PACKET
or COMPUTERS, today's Radio
Amateur is a highly skilled
Communications Specialist!

Providing full, in-depth
coverage of these modes Is our
business and we've been do-
ing it now tor over 19 years!
And now we're expanding!

lowa Residents Must
Add 4% Saims Tax

4% Aoged To ANl
Charge Cara Oraers

Now published '‘monthly’’ 10 times
per year, SPEC-COM1u readers are kept
up-lo-date in a world ol fast moving
modern technology.

Why not give us a try? Back issue
samples are available for just $2.00 ppd.
(Master Article Indexes add $1.00).

Special Six Month Trial Subscription
-$10.00. U.S./Canada/Mexico Annual
Subscription $20.00. (Foreign Subscrip-
tions slightly higher).

SPEC-COM™

Amateur Radio Specialized
Communication Journal
P.O. Box H
Lowden, lowa 52255
(319) 944-7669 (Membership Services)
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The
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Radio.

The standard of the electronics industry
IS setting a new standard lor amaleur
radio use as well

The Fluke 77 multimeter is ideal for
lesting and repairing any amateur radio
gear. It's inexpensive, easy 1o use, and filled
with professional features. Plus a full ling
of accessories lel you measure high fre-
quency, high voltage and current, and lem-
peralure. Made in the U.SA. and backed
by a 3-year warranty, the new Fluke 77
is the world's first handheld meter lo
combine analog and digital displays

For a free brochure or the distributor
nearest you, call toll-lree 1-800-227-3800,
ext. 229. Or write John Fluke Mig. Co..
Inc., PO. Box C9090, Everett, WA 98206
Distributor programs available
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A FEW FEATURES:

1) Made in the USA
2) All mode (FM, SSB, CW)

Direct

3) Optional plug-in receive preamp

FALCON

COMMUNICATIONS

Falcon Communications, Well Known For MOSFET Repeater Power
Amplifiers, Also Makes A Hard Working Line Of Bipolar Power
Amplifiers For Mobile/Base Use. Our 2 Meter Amplifiers Include:

Model 5121 2 Watts in = 150 out

1 Watt in =90 out List $285
Model 5122 10 Watts in = 150 out

2 Watts in =50 out List $275
Model 5123 30 Watts in = 150 out

10 Watts in = 90 out List $235

4) Automatic COR or remote keying
5) Built in thermal protection
6) Full 1 Year warranty

ForInformation On Qur Complete Line See Your Local Dealer Or Call Factory

P.0. Box 8979 e Newport Beach, CA 92658
(714) 760-3622
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QUARTER WAVE

TWIN SLOPER ANTENNA

+ Installs like an inverted-V dipole. One leg
for 80 meters (67°) and the other leg for
160/40 meters (55'). Fed with a single

50 ohm coax. 50-239 connector provided
on mounting bracket.

* Configuration provides wide bandwidth
on all three bands. Typically 70 kHz on

160 meters, 200 kHz on 80 meters and full
band on 40 meters. Much wider than most
other loaded slopers. dipoles or verticals.
Tuner usually not required.

* Model DX-A also operates on 30-17-12
meters. VSWR of less than 2.5:1. Easlly
matched with a tuner.

* High-power operation. Rated at 1500
watts PE.P. output. No traps to break

ALPHA. DE

P.O. Box 571 Centerville, OH 45459

(513) 435-4772 Orders * (513) 376-4180 Antenna Tech Info

to install, quick to tune. longhaul

¥

down. A single “ISO-RES" isolator-resonator
Is used In the 160/40 meter leg.

* Current lobe up high for maximum radia-
tion and excellent DX performance. Can be
Iinstalled from 25 to 40’ high.

* The Model DX-A Antenna s fully assem-
bled. uses all stainless steel hardware, a
UV-protected “ISO-RES" coil, *12 copper
wire and Is rated for severe environments.
Specially coated wire disappears from your
neighbors’ view.
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Alpha Delta Model DX-A
160-80-40 METER

Available from

s 95 your local
Alpha Delta Dealer
or add 54.00 shipping

and handling (USA only).

current solutions to current problems
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DRAKE R-4/T-4X
OWNERS AVOID
OBSOLESCENCE

PLUG-IN SOLID STATE TUBES!
Get state-of-the-art performance.
Most types available
INSTALL KITS TO UPGRADE
PERFORMANCE!

* BASIC Improvement
« Audio Bandpass Filter
* Audio IC Amplifier

TUBES $23 PPD KITS $25 PPD

OVERSEAS AIR §7

SARTORI ASSOCIATES, WSDA
BOX 832085
RICHARDSON, TX 75083

214-494-3093
: » 172

EXMET your source for Discounted Prime 6061

T6/6061-TES11 aluminum Tubing and Rod that Is
stronger than steal and 1/3 the weight

TUBING

0.0. and wall Length Price per Length
12" x 058 12Zn $ 125
778" x 058 12Z2h 19 50
1% x 058 zn 2175
1-114% x 058 7Zn 27.35
112" x (49 12 28 80
1:1/2* » 058 12 n 33.00
1-1/2* x 065 12n 38 40
1-1/2" x 083 12h 48.00
112" x 125 24n 86 40
1.1/2* x 250 24N 105.15
2% x 058 12Zn 42.25
2" x 065 121 45.50
2*x 125 40 110 40
2" x 250 241 187 20
3" x 065 12h 8150

ROD

0.0. Length Price per Length
1/8* 12h $200
16" 12h 450

Volume discounts on orders over $500.00 Other sizes of tubsng
and rod quoted upon request Minimum order $50.00 ubing
$50.00 rod

Policies: All prices FOB Twinsburg, Otwo. Paymen! s COD
of save COD charges by enclosing a check or money order with
your order. Olwo residents add 5-1/2% sales fax

Exmet, Inc. 1
2170 E. Aurora Rd., P.0. Box 117, Twinshurg, Ohio 44087
216-425-8455

Electronic Repair Center
Servicing

Amateur Commercial Radio

The most complete repair facility on
the East Coast.
Large parts inventory and factory
authorized warranty service for
Kenwood, Icom and Yaesu.

SEND US YOUR PROBLEMS

Servicing ‘'Hams"' for 30 years, no rig
too old or new for us.

|i i .-__I i ii 'l E i .i VN l Iii.\: = ' A if.i._,
4033 Brownsville Road

w=® Trevose, Pa. 19047
== 215.357-1400 =




% santec | ST-20T

a SMART Radio...
the INTELLIGENT Choice

Imagine yourself relaxing in your favorite easy chair. You have done your re-
search, compared all the features of the new handhelds and now you have made
the purchase for which you have been waiting so long. It feels good to relax know-
ing the decisions were made after considerable research through the magazines
and data sheets for all the available modelis.

Comparing the ST-20T, it was obvious that the Santec simply works better. .. and
the price was nice also. Which feature was it that really made you decide on the
Santec ST-20T? Was it the two seven-digit number autodialer? Perhaps it was the
ability to use all 10 memories with a different frequency, tone, and offset. Or could
it have been the ease with which the ST-20T was programmed from the keyboard?
Perhaps it was the honest values in construction and quality for your hard earned
dollars? It could have been all of these things and more because the SANTEC
ST-20T is the handheld truly worth holding.

» TWO SEVEN-DIGIT AUTO DIAL MEMORIES * ONE HAND, ONE FINGER
SIMPLIFIED KEYBOARD ENTRY OF INFORMATION » 142-150.995 OPERATION
FORM.A.R.S.ANDORC.A.P. « TEN MEMORY CHANNELS FOR 10 DIFFERENT

REPEATER OPERATIONS PLUS 'SCANLOCK' FOR LOCKOUT OF ANY ONE
CHANNEL OR MULTIPLE CHANNELS WITHOUT REPROGRAMMING »
SANTEC'S MULTIPLE MODES OF SCANNING » 3.5—5 WATTS OUTPUT
DIRECT 12 V.D.C. OPERATION = SUB-AUDIBLE TONE COMPUTER
CONTROLLED » MICROPROCESSOR CONTROLLED ENCODE/DECODE

OPTION AVAILABLE * TIME OF DAY QUARTZ CLOCK * ANALOG METER

MOUNTED FOR BEST D.F.ING * AUTOMATIC ENTRY OF STANDARD OFFSET

FOR BAND WITH EACH NEW ENTRY * ANY CTCSS TONE IN ANY MEMORY
CHANNEL » SLIDE ON/OFF BATTERY PACK COMPATIBILITY
* SANTEC/ENCOMM, INC.'S TWO YEAR EXTENDED
SERVICE PERIOD AT NO EXTRA COST =

1506 CAPITOL AVENUE, PLANO, TEXAS 75074
NATIONAL DISTRIBUTION FOR SANTEC - KDK - THL - WELZ PRODUCTS
PHONE - 214-423-0024 Glil FAX - 214-423-0081



The THTAN final ampiifier

may be your final amplifier

Model 425 TITAN
Linear Power Amplifier

We have been accused of “over designing” the TITAN. And certainly, by cutting
corners, il could be built at lower cost. But we think, in the long run, it will be an
investment in reliability, flexibility, and the pure enjoyment of a permanent addition to
your station — long after the price is forgotten

Every component is chosen to work well below its rating. The power transformer is our
own, using a Hypersil® tape wound core, generously designed for excellent regulation
Capacitors and inductors are also made in-house for close quality control

The TITAN uses two 3CX800 tubes that will loaf along at 1,500 watts output. And, as
they require lower plate voltage than older tubes, insulation breakdown is less likely

We think we have included present and future needs. Things such as full break-in and
operation on 160 meters and all authorized bands. A separate power supply makes
station layout easy for most convenient
operating. And if you use AMTOR, 55TV
or RTTY. there is no problem with con
tinuous opcration

The TITAN could \.’a.‘.l]g.r be your final
FINAL AMPLIFIER

See your dealer ar write

NE
' II.II TEN-TEC %
*Commercial version available SEVIERVILLE. TEWWESSEE 37087

CASE HISTORY !

For 2AT/3AT/4AT w/standard batt.

from de ta
ZUju

2495
free U.S. ship,

in
made in U,S,£ o
80 day limited warranty

C.0.D. 82

See through keypad window and instant
access to all switches front, top, back
plus unique zippered battery door. Fits
with or w/o ICOM clip. Looks, feels and
fits great. Black or burgundy tailored
vinyl. Call (617) 599- :

Crowley Mfg. Co. 95 Federal St. Lynn MA 01905
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‘“HAM HOTLINE"
THE PROVEN MONEYMAKER

The “Ham Hotline" s a complete
mailing list of novice amateur radio
operators and current hams who have
renewed, upgraded or modified their FCC
licenses. These ham enthusiasls have
proven to be excellent prospects for radio
equipment, accessories and publications

The Hotline 1s UPDATED EVERY
TWO WEEKS with an average of 8,000
names and addresses each month. And,
because we know the Hotline is the mosl
up-to-date amateur radio listing available,
we'll guarantee 98% deliverability

Target your sales efforts to your most
likely buyers. Call DCC Data Service to-
day and begin your subscription to the
‘iHam Hotline" lhe proven
moneymaker

DCC Data Service 196
1990 M Street, N.W. Suite 610
Washington, D.C. 20036

Toll-free 1-800-431-2577
In DC & AK 202-452-1419

COMPACT 75M SSB TRANSCEIVER 1985-86
CATALOG
Complete Kit 50¢
$199.95
plus $3.00 '
shipping and l/
nandling It
Dimensions 2* x 6% x 6” y U
RECEIVER: \15
Frequency 3840 MHz '
Sensitivity 05 uV lor 10 dB SIN
Selectivity -6 dB @ 2 4 KHz
AGC Range +60dBin = +3dB oul
Audio Oupul » 350 mW into 8 ohms
LSS f o~ 166 RADIO KIT
TRANSMITTER: BOX 411H
Frequency 3.8-4.0 MHz Greenville, NH
C:Lnul w:ﬁla‘;las into 50 ohms 03048
IMD = s
Haimonics 2 _ 47 dB, 3® -55 dB POWER HEﬂU“’lE"ENTS (603} B78-1033
SWR Immuniy 30:1 @ all phase angles Voltage 28 Vdc regulated lelex B87697
ALC Amphfied, fasl response rale (Quasi-processing) Current 2A transmil, 65 mA receve
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SPS

DIST. Tl
FINDER ¥

‘TI'FINDER

'\\|;.{_ g '_'_

v "
Complete Line of
Satellite Receiving Systems

SPS

San Pierre, IN
(219) 828-7255 — 828-3091 .. 7




PRACTICALLY SPEAKING ... 7 5

tracking the
hideous
intermittent —
part 2: thermal
intermittents

In Part 1 of this two-part series we
dealt with the problem of trouble-
shooting mechanical intermittents. In
Part 2 we’ll discuss thermal intermit-
tents and their solution.

Both heat and cold can affect a
piece of electronic equipment for the
worse; in its most blatant form, the set
refuses to operate properly under
either hot or cold conditions. During
the winter Amateur mobile equipment
is subjected to the local overnight tem-
perature, which may be as low as 40
degrees below zero in some areas.
During the summer, on the other
hand, mobile equipment will be sub-
jected to temperatures considerably
above local air temperatures. In 1963,
when a major automobile electronics
company began experiencing reliability
problems with its new solid-state
models, it asked employees to leave
their cars unlocked so that the engi-
neers could measure the cabin temper-
atures. After four hours in 90-degree
sunlight, the interior temperatures
were found to be 140 degrees at the
front seat and up to 180 degrees be-
hind the dashboard!

These extremes of temperature can
result in some peculiar intermittents.

One familiar form is the set that won't
work when you get into the car, but
will work ten minutes after the heater
or air conditioner has altered the cabin
temperature.

Equipment used at the home or base
station doesn’t suffer the extremes of
ambient temperature, but nonetheless
may experience temperature-related
intermittents. Typically, a set will either
fail to work at all until it heats up, or
will work nicely until it reaches a cer-
tain temperature and then fail. Even
when an intermittent isn’t specifically
related to temperature, its frequently
true that changes in temperature will

6 OR 12
voe

& OR 12 VOLT
8uULSB

SLEEVING ———=

\_

—="1|| - TRANSISTOR
terc.)
/5 ; /
\F)?INTED WIRING BOARD

fig. 1. A simple device for heating
individual components.

(7

aggravate the situation, thereby allow-
ing you to find it more easily.

when the problem is heat

First, let's talk about how to heat up
a set. Use a high-wattage lamp, sun
lamp or hair dryer for general area
heating to determine that the fault is
temperature sensitive, rather than
mechnical in origin. In a piece of equip-
ment containing general power de-
vices (or vacuum tubes), we can often
heat up the circuits just by placing a
box, towel, or blanket over the unit.
This method is particularly useful for
thermal faults that occur only in the
cabinet. The thermal fault will continue
for a few minutes after the box, towel,
or blanket is removed, allowing time
for troubleshooting.

Although area heating will give you
the time needed to troubleshoot a
fault, it won't help you find a specific
thermally sensitive component. For
this chore we must use local area heat-
ing. Several methods are available. A
small high-intensity lamp, for example,
will allow heating of a small area on a
PCB. A soldering iron or gun will con-
centrate heat on an even smaller area
almost to the exact component. (Be
careful, — the hot tip of the soldering
tool can damage some components,
especially polyethylene capacitors.)

Another method used for heating in-
dividual components is shown in fig.
1. In this approach, the heat source is
a 6 or 12-volt incandescent lamp. A
No. 47 or No. 1891, for example. A
small cylinder made of some material
such as insulated sleeving (“spa-
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THE MOST AFFORDABLE
REPEATER
ALSO HAS THE MOST IMPRESSIVE
PERFORMANCE FEATURES

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!)

Band Kit Wired
10M,6M,
2M,220 $680 $880
440 $780 $980
FEATURES:

¢ SENSITIVITY SECOND TONONE; O.15uV (VHF),0.2uV (UHF) TYP.

e SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER
& CERAMICFILTERFOR > 100dBAT + 12KHZ. HELICAL RESON-
ATORFRONT ENDS TO FIGHT DESENSE & INTERMOD.

* OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT-
TERS, SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL.

¢ CLEAN,EASY TUNETRANSMITTER; UPTO20WATTSOUT(UPTO
50WWITH OPTIONAL PA).

RECEIVING CONVERTERS

HIGH QUALITY XMTR & RCVR MODULES FOR
REPEATERS, LINKS. TELEMETRY, ETC.

* R144/R220 FM RCVRS for 2M or 220 MHz. 0.15uV
sens.;8 pole xtal filter & ceramic filter in i-f, helical

* R451 FM RCVR Same

resonator front end for exceptional selectivity,
>100dB at + 12kHz, best available today. Flut-
ter-proof squelch. AFC tracks drifting xmtrs.
Xtal oven avail. Kit only $138.

line front end, 0.3 uV sens. Kitonly $138.
* R76 FM RCVR for 10M, 6M, 2M, or 220. As above,
but w/o AFC or hel. res.
« R110 VHF AM RECEIVER kit for VHF aircraft
or ham bands or Space Shuttle. Only $98.

but for uhf. Tuned

Kits only $118. Also avail w/4 pole filter, only $98/kit.

intermittent. $68/kit.

Xtal oven avail.

Kits from $78.

« T51 VHF FM EXCITER for 10M,6M, 2M, or
220 MHz. 2Watts continuous, upto3W

* T451 UHF FM EXCITER 2to3Watts. Kitonly $78.

« VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels
from 10 to 45 Watts to go with exciters & xmtg converters. Several models.

Models to cover every practical rf & if range to listen to SSB, .
FM, ATV, etc. NF = 2dBorless. Hamtronics Breaks [« M0O-202 FSK DATA MODULATOR. Runup
Antenna Recelver the Price Barrier! 10 1200 baud digital or packet radio sig-
'"”:'B“;é“?' 34"‘_‘:‘:'6 * nals through any FM transmitter. Auto-
50-52 28-30 Pay $80 10 $125 matically keys transmitter and provides
50-54 144-148 No Need to Pay to . Ki ]
et =0 =5 for a GaAs FET Preamp. ;:\;dshakes 1200/2200 Hz tones. Kit only
e G —= = « DE-202 FSK DATA DEMODULATOR. Use
VHF MODELS frogieo Bt FEATURES: with any FM receiver to detect packet ra-
Kit with Case $49 220-224 ‘44-113 @ Very Low Noise: 0.7 dB VHF, 0.8 dB UHF dio or other digital datain “202” modem
Less Case $39 e aet @ High Gain: 18 to 28 dB, Depending on Freg. format. Provides audio conditioning and
Wired $69 222-224 28-30 ® Wide Dynamic Range for Overload Resistance handshakes. Kit only $38.
@ Latest Dual-gate GaAs FET, Very Stable « COR-2 KIT With audio mixer, local
%’:ﬁ%‘% .50 432-434 2% MODEL TUNES RANGE P:'ZE speaker amplifier, tail & time-out timers.
wi ase 435-437 - LNG-28 26-30 MHz 4
Less Case $49 e s | LNGS0 4656 MHz $49 oy s ith «
Wired $75 pr pypa * COR-3 KIT as above, but with “courtesy
- LNG-144 137-150 MHz $49 beep”. Only $58.
LNG-160 150-172 MHz $49 « CWID KITS 158 bits, easily fieid program-
SCANNER CONVERTERS Copy806MHzband scan- )
nor. Wiradftested ONLY $88. andonany LNG-220 210-230 MHz $49 mable, clean audio. Kit only $68.
LNG-432 400-470 MHz $49 ¢ A16 RF TIGHT BOX Deep drawn alum.
TRANSMIT CONVERTERS LNG-800 800-960 MHz $49 case with tight cover and no seams.

For SSB, CW, ATV, FM, etc. Why pay big bucks for a muiti
mode rig for each band? Can be linked with receive convert-
ers for transceive. 2 Watts output vhf, 1 Watt uhf.

HELICAL RESONATOR
PREAMPS

NOW—FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE
FORHIGH-BAND & UHF. CALL FORDETAILS.

LOW-NOISE PREAMPS

ACCESSORIES

Exciter Antenna ®
For VHF input Range  Output Low-noise preamps with o touchtones®, e.g., repeater and auto-
Model X\’IZ 2% 14148 helical resonators re- / patch. Use with main or aux. receiver or
145~ .
Kit $79 bt So.52 duce intermod and with Autopatch. Only $90
Wired $149 227‘;_2;6‘ 12‘2:)'_’2‘2‘2‘ cross-band interference * AUTOPATCH KITS. Provide repeater auto-
(Specify band) 50-54 200-224 in critical applications. &= patch, reverse patch, phone line remote
et i 12dB gain. control of repeater, secondary control via
144-146 28-30 repeater receiver. Many other features.
For UHF. 28-30 432-434 . . Only $90. Requires DTMF Module.
Model XV4 el Model Tuning Range  Price | qup| ey AUTOPATCH. Use with your FM
Kit $99 BN 4342?),232 HRA-144 143-150 MHz $49 transceiver. System includes DTMF & Au-
Wired $169  Add $20 for 2Minput HRA-220 213-233MHz $49 topatch modules above and new Timing
HRA-432 420-450 MHz $59 module to provide simplex autopatch and
VHF & UHF LINEAR AMPLIFIERS. Use with above. H RA'( ) 150'1 74 M Hz $54 reverse autopatch. Complete patch sys-
Powar levots from 10 to 45 Watts. Several models, § - HRA{ ) 450-470MHz  $64 | tem only$200/kit. Call or write for details.

e SEND $1.00 for 40 page CATALOG

(Send $2.00 or 4 IRC’s for overseas mailing)

® Order by phone or mail « Add $3 S & H per order

(Electronic answering service evenings & weekends)

® Use VISA, MASTERCARD, Check, or UPS COD.

7 x 8 x 2inches. Designed especially for
repeaters. $20.

* DTMF DECODER/CONTROLLER KITS.
Control 2 separate on/off functions with

hamlronic , IncC.

65-E MOUL ROAD « HILTON NY 14468

Phone: 716-392-9430

Hamtronics* is a registered trademark




ghetti”’) is designed to fit over compo-
nents such as transistors and some
integrated circuits. The heat source is
placed in the open end, thereby con-
centrating the heat only on the com-
ponent under suspicion. The tale will
be told in about 30 seconds.

The indication that the component
being tested is bad will be obvious.
There will be a sudden change of oper-
ation, or a sudden increase in the noise
produced by the circuit — the change
is only rarely subtle.

2-meter FM ham rigs, by the way). In
most cases, 30 to 60 minutes in the
refrigerator yields 5 to 10 minutes of
troubleshooting time.

Local cooling is necessary for isolat-
ing components. Use a can of freon
“freeze spray’’ as shown in fig. 2.
(Electronic supply stores sell this prod-
uct under several different brand
names. The stores most likely to carry
freeze spray are those whose clientele
includes radio/ TV/audio repair shops.)

Be careful not to spray too wide an

fig. 2. Freeze spray will cool off components.

when the problem is cold

“Cold”" can mean anything from
room temperature to arctic tempera-
tures. When equipment fails to oper-
ate in this range, area cooling is in
order.

Area cooling is more difficult, in
some cases, than area heating. Try
putting small devices (up to, say, the
size of a mobile transceiver) in the
refrigerator for about an hour. | still
fondly recall the looks on the faces of
shocked boat radio customers when |
placed their “won’t work on cold
days” VHF-FM transceivers in the
shop refrigerator. (Many of those rigs
are merely overpriced variants of

area. Freeze spray is expensive and
general area coeling won't help you
find the bad components anyway. Use
the spray only on individual compo-
nents or small groups of components.

You can verify identification of the
bad component by reheating it with
soldering iron or the gizmo shown in
fig. 1.

If the problem repeatedly appears
and disappears on heating/cooling
cycles, then you've found the source
of the problem. Even if the problem
isn’t consistently repeatable, however,
we can “work the odds’ and replace
the component “‘on speculation.”

Our final method for fixing intermit-
tents is another shotgun approach. In

this case, however, we replace com-
ponents on a '‘scattergun’’ basis. (/
can hear the howls from here! | admit
it's not very elegant, and provides no
balm at all to salve the ego of the tech-
nical genius. After all, any dumb grunt
can unsolder a half dozen components
and replace them. . . . But let's con-
sider some facts of life.)

| once worked in a hospital electron-
ics laboratory that repaired clinical
equipment. The emphasis was on low-
cost, rapid repairs. One famous brand-
name patient monitor used vintage cir-
cuitry. The ECG preamplifier and the
DC power supply regulator used liter-
ally dozens of 2N3393, 2N3906, and
2N3904 plastic small-signal transistors.
These transistors were typically con-
nected six to eight at a time in circuits
with multiple feedback and signal
paths, all direct coupled. (Trouble-
shooting in circuits like this is a dog.)
At that time, those transistors cost us
$25 per hundred in bulk-packed bags.
It takes 15 minutes to replace eight
small transistors that cost $2 total. A
total of 30 minutes put the equipment
back on line.

The situation is only a little different
for you. The biggest difference is that
you buy transistors in overpriced blister
packs rather than lots of a hundred;
that's the price paid for buying onesie-
twosies. Nevertheless, when the
troubleshooting problem seems intrac-
table, shotgunning components is a
practical alternative!

You can be almost as efficient by
removing components one at a time
and testing each one as you go. If you
find the faulty components, then it's
a reasonable bet that the job is done.
Unfortunately, the nature of intermit-
tents — and Murphy's law — means
that this form of troubleshooting fre-
quently fails.

have a question for Joe Carr?

Send your question to Joe Carr, ham radio,
Greenville, New Hampshire 03048, While not ev-
ery letter can be answered personally, he will try
to answer as many as possible in this column.

Ed.

ham radio
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26th Annual

ROPICAL HAMBOREE

FEBRUARY 8-9, 1986 n%n

VL EDWARDS BUILDING, ARNOLD BUILDING AND COLISEUM ¥

DADE COUNTY YOUTH FAIR GROUNDS

TAMIAMI PARK, MIAMI, FLORIDA

FREE PARKING 15,000 VEHICLES 300 RV SPACES WITH FULL HOOKUPS
1000 INDOOR SWAP TABLES W/POWER 200 COMMERCIAL EXHIBIT BOOTHS
AMATEUR RADIO & ARRL PROGRAMS DX FORUM & DINNER

LICENSE EXAMS PACKET RADIO DEMONSTRATION
QCWA HOSPITALITY CORNER RCA FL. SECTION LUNCHEON
CONSUMER ELECTRONIC DISPLAYS COMPUTERS AND SOFTWARE
SATELLITE DISH GARDEN 2 DAYS OF PROGRAMS FOR NON-HAMS
HAMBOREE DEALER SPECIALS TRAFFIC HANDLERS BREAKFAST

Registration: $5.00 Advance . . . $6.00 Door (Valid Both Days)

Swap Tables, 2 Days: $16.00 Each, Includes Power, Plus Registration Ticket
RV Parking: $10.00 Per Day, Includes Water, Power, & Sanitary Hook-ups
Hotel Reservation Cards for Special Rates Available - Dec. 1st
(Advance Price Deadline on Registration Tickets, January 20th)

MAKE CHECKS PAYABLE TO: DADE RADIO CLUB, INC., P.O. BOX 350045, MIAMI, FL 33135
4 PAGE BROCHURE AVAILABLE — DEC. 1st.

Exhibit Booth Information: Evelyn D. Gauzens, WAWYR, Chairman Telephone:
2780 N.W. 3 Street, Miami, FL 33125 305-642-4139

This publication is
Now You Can Receive available in microform

from University
The Weak Signals With The

Microfilms
ALL NEW @ PREAMPLIFIER

International.
Model PT-2 is a continuous tuning 6-160 meter Pre-Amp
and master power station control. It is specifically designed
for use with a transceiver, The PT-2 contains new sophisti-
cated control circuitry that permits it to be added 1o virtu-
ally any transceiver with No modification. No serious ham
can be without one. Other features include: *Improves sen-
sitivity and signal-to-noise ratio. *Boosts signal up to 26
db. *For AM or SSB. *Bypasses itself automatically when
the transceiver is transmitting. “FET amplifier gives super- Please send information about these titles
ior cross modulation protection. "Advanced solidstate circuitry. *Simple to install
*Improves immunity to transceiver front-end overload by use of its built-in-attenuator
*Provides master power control for station equipment.
Model PT-2 .....cocovvevvenveeeeeee . 117 VL 60 HZ. o . ... $94.95 ~ 114 Nami
Model PT-2E ....................220-240 V., 50-60 Hz. ..............c..... $99.95 Company/Institution

AMECO EQUIPMENT CO.

220 East Jericho Turnpike, Mineola, New York 11501
516'741"5030 State Zip

Phone !

Caull toll-free 800-521-3044. In Michigan

Alaski and Howan call collect 313-761-4700. Or
mail inguiey to: University Microlilms International
100 North Zeeb Road, Ann Arbar, M1 48106
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THE STANDARD OF EXCEI.I.ENCE
eﬁmtely Superior!

Me

& & =

w7 Ma Ma

 ®

TONE HI/LOW REV » o .
- = &=

DISCRIMINATOR CENTERING (AZDEN EXCI.USWE PATENT): | namic range-and nioise suppression. COMPARE!
Always stops on'frequency desired when scanning. _DIRECT FREQUENCY ENTRY: Strﬂdmlmes thdrmé’ sal_
 PRIORITY MEMQ‘V AND-M-ERT' hit.co 1ly | i1ors.c Programming.




ICOM R71-751-R7000* COMPUTER INTERFACE

MEC 71«
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i
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TLLNE

A

MICROCOMPUTER ELECTRONICS COPORATION NOW OFFERS
THE M.E.C. 71« COMPUTER CONTROL INTERFACE THAT WILL
CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A.
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BADID FREOUERCY 14,299 8%
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MAIN MENU Control center lor

AUXILIARY MEMORY Show-
entire system. Showing: 24HR inP freq to 10 Hz, mode, filler ing page 1 of 47 pages each
UTC time; radio freq, & mode, win. Lnadfchangean¥ memory, having 15 memories. Freq,
memoary CH, freq, mode plus 1D maode, filter direct from key- mode, UTC time and room for
functions for your selection, board and print command. your notes. Auto log feature

* Easy to use. No computer knowledge
needed, automatic program loading. No
disk or tape required (except for aux
memory storage),

* Menu driven to aid user at each step.

= No radio modification necessary (ICOM
EX309 — not supplied — required).

* AUTO LOG Allows logging of radio freq,
mode and time by press of a key.

* UNLIMITED STORAGE via computer
disk or tape (store 705 CH per disk side).
Let your imagination run wild.

* Software update. As new software is
developed MEC will make it available to

owner subscribers.

GET ALL THE DETAILS. WRITE OR CALL EEB TODAY

Prices & specs subject to change

Shipping charges not included
EEB ppIng g

L I I

sh1ae

32 CH RADIO MEMORY Show-

Returns subject to 20% restock charge  ELECTRONIC EQUIPMENT BANK
Fre catalog in USA; all others 3IRC's 516 Mill Street NE

AUXILIARY FMEMDEY PAGL 81

18 48

allows instant logging of
receiver freq, mode, lime.

* HARD COPY via computer printer of all
memory channels.

*« KEYBOARD memory loading.

Price to be announced - CALL.
Available Fall 85. Dealer inquiries
invited.

EEB is the exclusive distributor for
Microcomputer Electronics Corp.'s
product worldwide. Address all in-
quiries to EEB.

EEB is an authorized ICOM dealer and
service center. Buy with confidence.

ORDER TOLL FREE 800-368-3270
Tech Info — VA orders 703-938-3350

Vienna, VA 22180 USA

WA2spF
Bog

AzSRE

BASEBALL CAP

How about an attractive BASEBALL style cap that
has name and call on it. It gives a jaunty air when
worn at Hamlests and it is a great help for friends
who have never met to spot names and calls for easy
recognition. Greal for birthdays, anniversaries, special
days, whatever occasion. Hats come in the following
colors: GOLD, BLUE, RED, KELLY GREEN. Flease
send call and name (maximum 6 letters per ling)

IUFBC-81

I.D. BADGES

No ham should be without an |.D. badge. IU's just
the thing for club meetings, conventions, and get-
togethers, and you have a wide choice of colors
Have your name and call engraved in either standard
or script type on one of these plastic laminated |.D
badges. Available in the following color combinations
(badge/lettening). white/red, woodgrain/white, blue/
white, white/black, yellow/blue, red/white, green/
white, metallic gold/black, metallic silver/black
$2.50

IUID Engraved 1.0 Badge

Please Enclose $2 00
1o cover shipping and handling

BOOKSTORE

GREENVILLE., NH 03048

ham, -
radio ...
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| YOUR OWN PRIVATE AUTOPATCH

experisnce lets
“unforgettable”

@ Exciting HEW jearning
the code FRHYTHR
shapee in your mind's eye

ADD to the shape you alreaady SEE

mind about

Build

Sounds
so  never change
Shapes ARE the

Lthes'
write Lhes'

vour
characters
@ BEGINNERS: no  “study”™ because
Only EIGHT shapes give you HALF of
EVERYTHING and nearly ALL the LETTERS
Knowv EVERYTHING: only 2 wore endings sach'

® EXPERTS break your Tlearning plateau”

by letting shapes fors at “any speed
@ CLUBS: 20% discount on 10 or more sets
® PRICE: Complete set (Manual, Wal

Pochket card, Beginner's chartl

Manua! alone ino discounth

dINDs

eLe Minds eye Publications, Dept. HIC

-~ P.0Box 1310, Hclean VA 22101

w200

SAVE  SAVE |
| SAVE  SAVE

| 1983-84 |
ARRL |
AMATEUR RADIO
CALL DIRECTORY
WAS $15.75
NOW $4.95

SAVE $10.80

# Pease add $350 10 covar a |
| -l Shipp,mg and handkng
| |

Ham Radio’s Bookstore

GREENVILLE, NH 03048

SIMPLEX / DUPLEX
AUTOPATCH

MNOVAL W
IT'S NOT JUST ANOTHER ;
AUTOPATCH "ﬂVﬂ

MAoma i Comeme im

» 129



VHF/UHF WORLD .- 7+~

Old Wives’ tales
and trivia

It's hard to believe that two years have
passed since my first column appeared
in ham radio.

Before | accepted K2RR's invitation,
I spent much time trying to determine
what kind of information would be
required and how it should be organ-
ized. | knew that the material would
have to be interesting, informative,
easily understood, technically correct,
and presented in proper sequence.

The selection of general topics was
easier. After all, | knew that antennas,
receivers, transmitters, propagation,
and test equipment were invariably
favorite subjects of conversation
whenever Amateurs got together. So
| narrowed these general topics down
to a list of specific technical subjects
[ thought most VHF/UHFers and
HFers would find useful and then tried
to arrange them — in building block
fashion — in such a manner that all the
basics would eventually fall into place.
This may explain why | didn’t jump into
highly technical subjects — such as
microwaves — right away.

Finally, | drew on my vast file of let-
ters, both those answered and those
| hadn’t had time to answer. These
clearly identified both the subjects of
greatest interest and those subjects
that Amateurs find most confusing.
This immediately flagged specific items
within the more general list of topics
that needed special attention. Some
letter writers, of course, asked for arti-
cles about microwaves. They had to
wait, since microwaves wouldn’t be
easy to discuss without a base to draw
on.

Finally, the list of actual column

topics and their tentative scheduling
was complete. You've seen the result;
in future columns, I'll try to cover new
subjects, expand on subjects already
covered, and explore further up into
the microwave spectrum.

In the meantime, if you're following
this series and can spare a few min-
utes, | need a favor: please drop me
a note telling me what you liked and
disliked about this column so far. Be
frank. If | did a botch job on any sub-
ject, left you hanging on some item or
left out a major point, let me know so
| can try to correct the situation in a
future column. I'll draw heavily on the
letters for future topics.

Of course, as I've stated before, |
can’t possibly cover everything, nor
can | answer all letters received. Just
like you, | have only 24 hours in a day
and a family that needs at least some
of my time. After all, this is supposed
to be a hobby!

So let’s take a break from the usual
format and see how sharp you are.
This will be your final exam on the first
23 installments and associated refer-
ences listed therein. With the help of
some of my VHF/UHF friends and lots
of letters to draw from, I've put to-
gether some trivia, some facts, some
fallacies, and a few old wives tales. |
hope they’ll be fun to discuss and at
the same time provide informative
answers.

antennas

Let's start with everyone's favorite
subject — antennas — and see what
kind of old wives tales, etc., we hear.
Keep score, and no open books!.

1. ”If your antenna stayed up last
winter it wasn't big enough.” This

is an original quote from one of the
greatest VHF/UHFers ever, Sam
Harris, ex W1FZJ, W1BU, KP4DJN,
etc.

This statement is obviously not true.
Maybe you live in Southern California.
Or maybe you had a mild winter. Even
better yet, maybe you built a big
antenna but engineered the mechanics
properly. It's nearly impossible to
anticipate everything. How can any
antenna survive a hurricane with winds
exceeding 100 mph (161 kmph)? And
how can you prevent your neighbor’s
tree from falling on and snapping your
guy wires?

Tom, KBMMM, put it quite humor-
ously in a recent letter: “’If an outland-
ishly super-huge spectacle of an
antenna doesn’t stay up through any-
thing nature has to afford for a partic-
ular area, it was too big, amateurishly
conceived, and when down, due to all
of the above — its owner is one of the
least-heard-from and weakest things
on the face of the earth!”

All things being equal, you can
design a good antenna system with
adequate gain if you follow the rules
given in references 1, 2, and 3. Refer-
ence 4 discusses mechanical consider-
ations and tubing strengths. Do build
your antennas large enough, but not
too large, and do so only with ade-
quate mechanical strength!

2. “Always put your antenna as
high as possible to get the best
DX."” This statement is basically true.
However, there is a law of diminishing
returns. First, if you're fortunate
enough to be situated on a hilltop and
have no obstructions, there’s little to
be gained by going up over 3 to b
wavelengths. There's a problem if your
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takeoff angle gets too low, especially
when using F2, aurora, and sporadic-
£ propagation. At five wavelengths’
height the takeoff angle will be about
3 degrees. Both EI2W and VE1ASJ
found that often the optimum F2 sig-
nals come in with the antenna tilted
upward several degrees! Ten wave-
lengths high is a real waste of time. If
you do put up a large antenna on a
high tower, it just may be large enough
to meet the requirements spelled out
by KBMMM.

Furthermore, especially on the UHF
and microwave bands, the feedline
loss can be horrendous.® Depending
on frequency, going up an additional
50 feet (15 meters) may increase the
effective gain by 1 dB while incurring
another 2 dB feedline loss, an overall
net loss of 2dB in station perfor-
mance.® For VHF/UHF'ers | offer the
following rule: go high enough to clear
local obstructions and STAY THERE.
This is probably high enough!

3. “Collinears are preferred over
Yagis because they have broader
bandwidth and larger capture
area.” This is truly a fallacy. While the
bandwidth of a collinear antenna may
be greater than a Yagi's, the match-
ing method is often the limiting factor.’
Also, what good is bandwidth when
most VHF/UHFers never stray more
than 50-100 kHz from the calling fre-
quencies?®

As for capture area, this is a fre-
quently misunderstood concept that
was discussed in depth in reference 3.
Capture area is directly related to gain
regardless of the physical configura-
tion of the antenna. Note that the cap-
ture area of a Yagi is usually much
greater than its width and height, while
with a parabolic dish it's the reverse,
typically only 55 to 60 percent of the
area of the dish.3

As discussed in reference 1, the
choice of a collinear is primarily one of
cost versus physical area. The collinear
is usually a low-cost antenna, but
takes up lots of area. The Yagi, while
more critical to design, has less physi-
cal area and allows multiple antennas
even on different bands on the same

86 December 1985

mast. The bandwidth doesn’t usually
enter into the final decision at all.

4. “Always stack Yagis two-thirds
of the boomlength apart.” Under
certain conditions, typically with inter-
mediate (2 to 3 wavelengths) Yagis,
this may be true. However, for the vast
majority of designs in use, and partic-
ularly the long Yagis, this would be a
gross error.

This two-thirds boomlength rule
was a common misconception when
the effects of capture area were poorly
understood. Stacking antennas too
closely results in low gain, while stack-
ing too far apart (especially with
Yagis), gives high sidelobes and a
beamwidth so narrow as to make aim-
ing the antenna? properly very difficult.
Check the beamwidth.2 Then consult
the charts in reference 3 and stack
those antennas accordingly.

5. “The best Yagi designs are the
ones produced by NBS.” The NBS
Yagis were a great stride forward. For
once we had a cookbook with meas-
ured results. However, only six of the
original NBS designs were provided in
NBS Technical Note 688.7 That repre-
sents only a small percentage of Yagi
designs available to date.

The noteworthy item about the NBS
Yagi antennas is that if they are
properly duplicated, they will work to
specification. However, if one of the
six designs doesn’t fill your require-
ments, or if you need a longer boom-
length, there are no other NBS designs
available.

Today there are literally an infinite
number of other designs that will fit
any length of boom desired.®® Fur-
thermore, using computer optimiza-
tion techniques, up to 0.5 dB gain
improvement is possible using existing
Yagi designs such as the NBS 4.2
wavelength design.'® We've just
begun to open up a whole new area
for improved Yagi antennas.

6. ‘T matches should be used on
high performance Yagi antennas
since Gamma matches don’t work
very well.” This fallacy has been
around for some time. It was fueled

when all the new high-performance
Yagi antennas, using balanced feeds
and T matches, started springing up in
the late 1970s. The Gamma match is
capable of good performance. But it
tends to inject a small imbalance into
the design, which can cause a slight
pattern skewing. The latter effect can
be obviated by unbalancing the length
of the driven element."

Establishing a good ground for the
Gamma return path is difficult. Hence,
at UHF frequencies, the transmission
line often gets hot and the VSWR and
radiation pattern of the antenna
changes as the feedline is moved to
different positions. Furthermore, the
size of the gamma rod can get out of
proportion at the higher frequencies.

Therefore, a good T match with a
built-in balun is hard to beat, especially
when antennas are to be stacked. It
takes more hardware, however, than
a Gamma match and can be lossy if
the balun design is not properly
handled.

7. “Every time the size of an an-
tenna array is doubled, the gainin-
creases by 3 dB.” This is true only in
theory. Most antennas don’t have a
perfectly rectangular capture area or a
clean pattern free of sidelobes.® As a
result, antennas usually have to be
stacked more closely than desired,
with a resulting loss of gain.?

Stacking harness loss — which can
approach 0.5 dB! — cannot be ig-
nored. This is why the backplane feed
system is recommended at the higher
frequencies and where long transmis-
sion lines are used.*

Failure to provide sufficient mechan-
ical strength not only in the individual
antenna to be stacked but in the stack-
ing frame can also cause gain to be
lower than expected. Therefore, an
array of long Yagis with a few feedlines
is recommended over an array of
smaller Yagis with more feedlines.’
Plan on a 2.5 dB increase for each
doubling of the array size.

8. “Sidelobes rob power and lower
antenna gain.”” This is not necessarily
true. The relationship of gain to side-
lobe ratios was discussed in reference



2. It was shown in reference 3 that if
the sidelobes are down 15 to 18 dB in
the antenna to be stacked, the grating
lobes in the final array should be down
13 dB for optimum gain. However, if
the antennas to be stacked have side-
lobes 13 or less dB down before stack-
ing, they can’t be optimally stacked.
Each case must be studied separately,
using references 2 and 3.

9. “A good antenna requires a
balun.” Not true. As stated above, a
Gamma match can be effective. A well
designed balun can do a great job of
eliminating any radiation from a trans-
mission line.'> But an improperly
designed balun, or one that uses a
lossy transmission line, can actually
lower the gain of the antenna! Proceed
with caution and keep all balun losses
as low as possible.

10. “Front-to-side and front-to-
back ratios are important antenna
design parameters.’’ This statement
is only partially true. The lobes at 90
degrees off boresight on a properly
designed and built Yagi antenna are
virtuaily at infinity in the E plane.?

A good front-to-back ratio may
seem desirable for eliminating an inter-
fering signal off the back of an an-
tenna, but ratios exceeding 20 dB are
not going to measurably improve gain
or noise temperature. Furthermore,
the angle subtended by the rear lobe
is typically narrow so it is of dubious
value. In a contest, it may be to your
advantage to have some rear lobe radi-
ation so you don’t miss a new station
or multiplier off the back of your
antenna.

11. “The more elements in a Yagi
antenna, the higher the gain.” This
is definitely false. Note that the NBS
4.2 wavelength Yagi has 15 elements,
or two fewer elements than the 3.2
wavelength design. Yet it has more
gain.”

What's more important in a Yagi
antenna design is where the elements
are placed with respect to each other
(proper inter-element spacing) and the
respective lengths of each director.
There is a minimum number of ele-

ments to optimize the gain for each
boom length. However, while extra
elements may not be required, they
can frequently be used to improve pat-
tern and bandwidth of the design.8®

12. ““Stacking improves gain and
performance.’”” Properly executed,
the gain of an array is improved if it's
properly stacked.? Unfortunately, the
operational performance may be de-
graded. For instance, if the beamwidth
is too narrow in the horizontal plane,
the array may not be optimum for
meteor scatter operation, where the
signals frequently arrive off the path.’
Also, auroral propagation may be
degraded by vertical stacking. The
proper stacking, be it vertical or hori-
zontal, is a function of the type of
propagation desired.®

operating

1. “The best place to operate is
right on the calling frequencies
since that’s where the action is.”
Unfortunately, there’s plenty of truth
to this statement, especially when
good propagation conditions are oc-
curring, such as during meteor show-
er and sporadic-E openings. This has
been a real problem ever since the con-
cept of VHF/UHF ‘““calling frequen-
cies’’ was instituted in the U.S.A. in
1978.% It's really sad, since it usually
deprives all but the largest stations
from sharing in the DX.

If the calling frequency concept is
properly used, stations will call CQ or
an appropriate station and immediately
QSY to a different frequency so that
others can then use the calling fre-
quency. Always remember to QSY at
Jeast 10 kHz away from the calling fre-
quency. QSYing only 5 kHz away very
often causes QRM to other stations
listening on the calling frequency,
especially if adjacent stations are
strong or if there is any splatter.

2. “146.52 MHz is a good frequency
for VHF contest operation since
there are so many stations that
operate there.” This freqency has
been controversial for some time. In
the early days of FM operation, most
rigs were crystal-controlled and 146.52

MHz was often the only simplex crys-
tal provided when the rigs were pur-
chased. Hence it became a common
meeting frequency for those who use
simplex channelized FM. But as time
went by, this frequency became very
congested. What's more, it became a
calling frequency for FM’ers as well as
a frequency for passing emergency
traffic. So it became a real sore paint
when contesting invaded 146.52 FM.

For the present, it's rather a moot
question since contests — at least
those run by ARRL — are no longer
permitted on this frequency. Suffice it
to say that this frequency should be
used only as a calling frequency and
for passing emergency traffic. Once
contact is established, a quick QSY to
one of the adjacent FM channels is
suggested.

3. “Scheduling stations during a
contest, especially those stations
out of your area, helps to improve
your score.” This is probably not true
unless you're a big contest station and
desperately need every possible multi-
plier. Schedules do attempt to bring
together people who normally may
have difficulty casually running into
each other. But schedules frequently
take up valuable contest time. If too
much time is used on schedules,
there's a possibility that you may miss
contacts by not working random sta-
tions that stay around for only a short
time. Scoring must be carefully evalu-
ated to see where your strengths and
weaknesses lie.

4. "Everyone should develop his or
her own style of operating proce-
dures.”’ This is an individual prefer-
ence. It's always interesting when
someone develops a new procedure
that increases or improves communi-
cations. Such cases that quickly come
to mind are meteor scatter and EME
QSO procedures. But Amateurs who
try to invent new procedures should be
prepared to have lots of failures unless
others know what they’re up to! Con-
fusion may follow when new routines
or procedures are adapted. Signals on
VHF/UHF are often weak, and any
changes in operating procedures from
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those normally used could cause con-
fusion and incomplete QSOs.

propagation

1. “Operation on EME requires an
investment of thousands of dol-
lars.” This is no longer true, especially
if you're resourceful and are willing to
build much, or even all, of your own
gear. The most costly items associated
with EME operaton are usually the
antenna system and the power ampli-
fier. There are now more than enough
antenna designs available to enable
you to “‘roll your own’” EME antenna
for any band where EME operation is
presently conducted. Their perfor-
mance can equal or exceed that of any
commercially available antenna.

Likewise, there are plenty of designs
available for power amplifiers.’%'®
There’s no need to run expensive
tubes unless you want to go to the
legal limit. Many active EME’ers (in-
cluding yours truly) have never run
over 750 watts of output power and
have been quite successful. You can
also purchase or trade amplifiers.

Full legal power can definitely
increase success ratios. Power helps
when conditions are poor or if one of
the EME stations is only marginal. {For
further information, see references 16
and 17. The bibliographies at the end
of these references provide more than
enough information to help you keep
costs down.) The best advice | can
give on keeping costs low is to try
tested and proven designs. Avoid in-
venting new designs that may be more
costly — especially if they're not
successful!

2. “The Perseids meteor shower
always peaks on the morning of
August 11.” This is a myth. There are
times every few years when this
meteor shower does peak on this date
and time. But you have to remember
that the showers occur at the same
time each year unless they’re deflected
by a planetary encounter. Since our
year is 365.25 days long (that's why we
have a leap year every four years), the
shower, in Earth time, will occur
approximately 6 hours later each year!

Even though the shower may peak
at a specific time, that may not be the
best time for a schedule, since the
radiant* of the shower may not be in
the proper location for communication
in the direction desired. For example,
it won’t be very productive to operate
when the radiant of the shower is on
the other side of the earth, even if it
/s during the peak of the shower! (See
references 13 and 18 for further infor-
mation on this and other questions
about meteor scatter communica-
tions.) At the end of each month’s
VHF/UHF Worid column | list the
latest updated information on the
predicted peak of the major showers;
please note that this information does
not include the location of the radiant.)

3. “Circular polarization is the
only way you can operate on
OSCAR."” This has been proven false
many times by those who reguiarly
operate the satellites. It's true that cir-
cular polarization can yield up to 3 dB
improvement on transmitting and
receiving the satellites.

However, due to the geometry in-
volved, the “sense’’ of circular polar-
ization may actually reverse. As a
result, you'd be significantly weaker on
circular polarization during these times
than if you used linear polarization if
the sense reverses.

The bottom line is that you can use
linear polarization on OSCAR with the
possibility of a greater fading rate. Cir-
cular polarized antenna systems are
recommended, but only if they provide
the capability for switching sense from
clockwise to counterclockwise as
required.

4. “Good openings always occur
with a high barometer.” This is par-
ticularly true for tropospheric propaga-
tion, but is not true for aurora, F2,
sporadic E, etc. In North America, the
best tropo openings seem to occur
during the spring near the Guif of Mex-
ico, during the summer on the Cali-
fornia-to-Hawaii path, and during the
summer and fall in the more northern
latitudes.®*®

*Radiant — the point in the sky from which meteors
appear 10 emanate.

Furthermore, the best tropo open-
ings usually occur when a slow-mov-
ing high pressure (30.3 inches or 1025
millibars) area is present and mixed
with warm moisture from the south.
(For furthér information, see refer-
ences 6 and 19.)

5. “The VHF/UHF bands are always
open. It's just a case of no activ-
ity.”” This is a definite fallacy. | fre-
quently hear this statement right after
a VHF contest when the propagation
conditions were good and there were
lots of mountain-top stations. The
dates of the ARRL June and Septem-
ber VHF QSO parties were purposely
chosen to coincide with periods that
have proven, over the years, to offer
a high probability of extended open-
ings. The August UHF and the spring
Sprint contests are usually popular
even though extended openings are
few because of poorer propagation
conditions at that time of year.

High locations do give some DX ex-
tension by virtue of the fact that they
see a more distant horizon than a low-
altitude station. Most mountain-top-
pers have shorter feedline and fewer
obstructions to limit propagation.
Although there are admittedly more
mountain-top operations during the
contests, there are fortunate persons
who own mountain-top QTH's and are
on the air year ‘round. They can testify
to the inaccuracy of the falsehood
above.

Many good openings go undetected
or are caught by only a few avid or
lucky operators. Openings are missed
mainly because of low, uncoordinated
activity. We all know the frustration of
calling a CQ with a highly directive an-
tenna, only to find out later that a DX
station was heard in our area, but that
he had his antenna pointed in a differ-
ent direction at the time of our CQ.

The best way to catch openings is
to watch weather maps, be vigilant
during the most likely seasons for
openings®'® monitor the calling fre-
quencies, take advantage of propaga-
tion beacons, and adhere to nightly
schedules as well as uniform activity
nights and hours.®
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6. It takes a hurricane to get a
good tropo opening.” | have long
observed that the good openings at
higher latitudes often occur when hur-
ricanes occur south of the path (refer-
ences 6 and 9). But there are excep-
tions — for example, the Gulf of
Mexico opening in the spring, and
openings in the fall in the more north-
ern latitudes.

What's required for an opening is
explained in item 4 above. Yet the
coincidence of longer DX openings
occurring when hurricanes are present
cannot be denied. Hurricanes cause
low pressure areas to develop. These
low-pressure areas affect high pressure
areas, causing them to build up and
move slowly — this slow movement,
combined with the warm moisture
drawn from the low pressure area,
results in extended openings.®

receivers

1. “You need a GaAs FET preamp
to work DX on the VHF/UHF
bands.” This is definitely false. How
do you explain all the DX before solid-
state devices were available in the
1960s? There are plenty of good
JFETs, MOSFETs, and bipolars that
yield low noise figures (1 to 2 dB),
which is more than sufficient for non-
EME modes where local noises are fre-
quently the limiting factor in com-
munications.

There’s no denying that GaAs FETs
are becoming very popular.?° In many
cases, they've improved receiver sen-
sitivity. But the fallacy that they're the
only devices that work well has prob-
ably been irrevocably spread since
antenna-mounted preamplifiers are
now quite popular and most use GaAs
FETs.

2. A low noise figure receiver will
always outperform one with a high
noise figure.” You can’t deny that
receiver sensitivity is a great factor in
communications, After all, “’If you
can’'t hear them, you can’t work
them.”’ But noise figure is only one
part of the equation. High dynamic
range is also extremely important,
especially if other strong stations are
present. Low-noise preamplifiers often
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have poor dynamic range.?® High gain
ahead of a mixer, especially a poor
one, can cause blocking and IMD as
well as other annoying phenomena.?
Many modern receivers, and in par-
ticular the synthesized HF transceivers,
have very poor phase noise and are
easily overloaded.?? Therefore, in order
to hear the weak ones, attention must
be paid to the dynamic range as well
as the noise figure of the receiver.

3. "28 MHz is a good IF for a
VHF/UHF converter.” Generally
speaking, this is true. Attention must
be paid to dynamic range, as just dis-
cussed. However, when you go up in-
to the UHF frequencies, image rejec-
tion becomes a real problem.? It's not
a trivial problem to filter out an image
only 56 MHz away from a 1296 MHz
converter without incurring some un-
desirable filter loss.?* Image rejection
or image recovery mixers are recom-
mended.?® For simplicity, 2-meter
(144-144.5 MHz) IFs are an acceptable
alternative and are becoming very
popular.

4. “A 1 MHz crystal calibrator
makes an accurate VHF/UHF fre-
quency calibrator.” This is definitely
false. Crystals below 3 MHz (because
of their ““cut’’) are usually much less
stable than those between 3 and 10
MHz.2® Furthermore, 3 and 4 MHz
markers are very convenient because
they can place loud, easy-to-find
calibration points in most receivers on
144 MHz and above.

The calibrator discussed in reference
25 is highly recommended and should
be an essential part of every well-
equipped VHF/UHF station regardless
of the equipment used. Your success
rate drops dramatically when you don't
know your frequency within at least 1
kHz, especially on EME and meteor
scatter communications.316.7

5. “You need a Hewlett Packard
8970A noise figure meter to accu-
rately tweak a preamplifier to its
lowest possible noise figure.” This
is definitely false. There were plenty of
optimized low-noise preamplifiers long
before the HP 8370A arrived on the

scene a few years ago. The oider AlL
models 74 and 75 as well as the HP 340
series gave good results.

The principal reason for the popular-
ity of the HP 8970A is that it's quick
and easy to use, measures both noise
figure and gain simultaneously, and
has a digital readout with 0.01 dB pre-
cision. It's been shown, however, even
by the manufacturer, that the results
are probably only accurate to +0.5
dB. It's also been shown more recently
that preamplifiers with poor input
VSWR (such as most GaAs FETs) can
cause large measurement errors {up to
0.5 dB) if you don’t use a noise tube
with at least 10 dB of extra internal
attenuation {such as the newer HP
346A type).?®

Don't be fooled by digital readouts
and extravagant claims. What's really
important is whether your preamplifier
is optimized to the minimum noise fig-
ure it can deliver (this can be done with
either the older or newer instruments)
and how it stacks up with other de-
signs |(comparison at noise figure
measurement parties).

6. “A 1N21 or back biased transis-
tor makes a good noise figure gen-
erator.’’ This is usually untrue. Many
of the older 1N21 type of noise gener-
ators had terrible VSWR that caused
the preamplifier under alignment to be
optimized to the noise generator impe-
dance rather than to 50 ohms. This can
also be true with transistors. Always
use at least 10 dB of attenuation, pre-
ferably an attenuator “‘pad’’ with low
{1.2:1 maximum) VSWR, between
your noise generator and the device-
under-test. (See item 5 above.}

7. “A Dow-Key relay won’t have
sufficient isolation at VHF/UHF
frequencies.” This can be misleading
unless the specific type of relay is
stated. Some of the Dow-Key relays
have an extra isolation feature. Other
manufacturers also have isolation
problems.

It has been pointed out that for safe-
ty’s sake, the power entering a low-
noise preamplifier should not exceed
10 milliwatts and 100 milliwatts at
worst case.’® It was also shown in
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reference 16 that for optimum results
and safety, a two-relay system is
recommended. The second relay
should return the preamplifier to 50
ohms during transmit to prevent amp-
lifier oscillation and possible destruc-
tion during transmission periods.

It was further pointed out in refer-
ences 16 and 26 that the length of
transmission line between the two
relays is important if the increased iso-
lation is to be obtained. Suffice it to
say that much more attention should
be paid to the relay types used and at
least 50 dB of transmit-to-receive iso-
lation is highly recommended, espe-
cially when high power is used.

8. “I built it just like the article and
it didn't work.” Oh, how often
authors hear this statement! For this
very reason l've often spent hours
carefully writing and then rewriting my
column to make sure that everything
is perfectly clear. Proof copies are
carefully scrutinized several times
through the various stages of produc-
tion. However, bugs do occasionally
creep in!

Suffice it to say that all circuits
should be duplicated exactly as shown
(providing that an error hasn’t crept
into the schematic!) unless you have
enough test equipment and experience
to outwit the author. | must admit that
I will sometimes not publish new de-
signs for fear that they may be too
complicated or will be likely to cause
a rash of angry letters. /f you alter an
author’s circuit, however slightly, or
substitute a different part than speci-
fied, don’t blame the author or ask him
for help if you experience a problem/

transmission lines

1. “Open-wire transmission line
has less loss than coax.” This is
probably true if the VSWR on the open
wire line is low, or if there's no con-
tamination or moisture on the insula-
tors.* However, open wire lines must
be relatively straight and be kept away
from other lines and antennas. As a
result, coaxial cable, even though it
may have slightly higher loss, may be
more desirable, especially when multi-

ple antennas and feedlines are present
on the same mast. (For further infor-
mation on this subject, see references
4 and 5.)

2. “Always cut phasing lines in
multiples of one-half wavelength.”
This theory was debunked in reference
4, where it was pointed out that for
proper power distribution, odd num-
bers of quarter-wavelength feedlines
are preferred. (Refer to reference 4 and
its references for further information
on this subject.)

3. “The way to improve EME an-
tennas is to replace all coax with
open wire lines.” This subject was
discussed in detail in references 4 and
5. For many of the reasons mentioned
above, coaxial cable, properly chosen
and used, may be preferable to open
wire line.

4. You need a Bird wattmeter to
accurately measure transmitter
output power and VSWR." This is
also not true. There are other suppliers
of good accurate power/VSWR
meters. Most power meters have their
own limitations. For instance, the
accuracy of the power indicated is
usually only +5 percent of full scale.
This means that a 5-watt error is pos-
sible on the 100-watt scale. This can
really affect the power measurement
at a 25-watt power level on the same
scale!

VSWR measurement accuracy is af-
fected by the directivity or ability of the
instrument to be able to distinguish be-
tween a true and a poor VSWR. Typi-
cally 20 to 30 dB is the limit, meaning
that VSWR readings below 1.2:1 may
be inaccurate.

Accurate readings of VSWR can be
accomplished at low levels using the
techniques and inexpensive coupler or
VSWR hridge described in reference
27. If you build a hybrid coupler simi-
lar to the one in reference 27, you can
build your own power meter and cali-
brate it against a borrowed meter. Un-
less you’re measuring power near the
legal limit or are trying to measure the
efficiency of a high-power amplifier, an
expensive power/ VSWR meter is not

required. But once you use one, you'll
be hard pressed to do without it.

5. A 1.5:1 VSWR is good enough.”
This is true. But where is the VSWR
measured, and how accurate is the
VSWR meter? Reference 5 pointed out
that the length and loss of the trans-
mission line between the antenna un-
der test is extremely important on VHF
and higher frequencies. For instance,
a line loss of 7 dB (not uncommon on
some of the higher bands where long
runs are needed) transforms an open
or short circuit (infinite VSWR!) at the
far end into 1.5:1 VSWR at the near
end.¥

It can’t be stressed enough that for
optimum performance on the VHF and
the higher bands, the quality of the
VSWR meter as well as the feedline
loss® must be taken into account when
testing for VSWR!

6. “"RG-58 can be used on 432
MHz.” True — but the results may be
disastrous! This type of line normally
has a loss of over 10 dB per 100 feet
{30.5 meters} and can handle only
about 75 watts safely at 432 MHz.® So
RG-58 coax cable should be used
only sparingly in places where the line
loss is not critical.

7. "PL259s are OK at 432 MHz.”
True. But this is so only if the PL259
is properly integrated with the coaxial
cable. It must be stressed that the
PL259 is not watertight, doesn’t have
a guaranteed VSWR, and probably
can’t handle much power on the UHF
frequencies. Therefore, it should be
avoided if at all possible.

8. “Heliax™ and hardline transmis-
sion lines are too expensive for
Amateurs.”” This is a common mis-
conception.® The cost of generating
high power at VHF/UHF frequencies
and high transmission line losses are
usually the limiting factors in success-
ful communications. Placing preamp-
lifiers at the top of a tower helps the
receive path, but transmitters (espe-
cially the high power tube type) are not
readily mounted at the top of a mast.

Good quality feedline such as Heliax
and hardline, with their low insertion
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loss, will not only deliver the most
"’bang for the buck,” but will also fre-
quently outlast lower cost transmission
lines by a 2 to 5:1 ratio. If remote re-
Jays are used, they can do double or
even better duty by servicing multiple
antennas. As a result, the high initial
cost is quickly amortized over the years
and the performance is top notch to
boot. Couple this with the favorable
prices often found at flea markets and
you have a super bargain!

9. “The G-line is a nickname for the
chorus line at a burlesque house.”
| ask this question to see if you’re still
awake. “G-line’’ was mentioned in my
October, 1985, VHF/UHF World Col-
umn.® It's basically a single wire trans-
mission line similar to a toy ‘‘string
telephone.” It has many exciting possi-
bilities for iow loss and inexpensive in-
stallations. See the October article for
further information.

transmitters

1. “VHF/UHF amplifiers typically
have 20 dB of gain.” This theory,
which has been around for some time
now, invariably causes grief when
someone discovers that you can’t run
1500 watts of output with a 10-watt
driver.'* Typically speaking, the gain of
most VHF ampilifiers is 15 to 20 dB and
10 to 16 dB at UHF. This is only if the
amplifier is operated in linear service.
Class C has lower gain and is not rec-
ommended for reasons mentioned in
reference 14.

The more modern grounded grid tri-
odes frequently have 3 dB lower gain
than this although they are usually
more stable than the older neutralized
designs. When you buy or build an
amplifier, check the specifications be-
forehand and see what the drive re-
quirements will be. You may need an
additional driver to get the output
power expected from your amplifier.2®

2. “You can run a single 4CX2508
at 500 to 600 watts output.” True,
but your tube won't last very long!
Amateurs seem to have a thing about
running devices past manufacturers’
ratings! They frequently provide insuf-
ficient cooling to boot. Better read

references 14 and 15 and drop your
power, too. Both you and the tube will
be friends for a longer time!

3. “You can’t operate 2-meter EME
without an 8877 amplifier.” If there
ever was a misconception, this is it.
Hundreds of Amateurs operate EME
without running the legal limit or using
a high power tube like the 8877.

Other tubes that will deliver the
same power'*'® are available. Tubes
can also be run in parallel. You can
operate EME with as low as 500 watts
of output power if you're patient, have
sufficient antenna gain, and “‘have
your act together.’16.17

4. "Speech processing extends
your SSB transmitting range and
prevents you from splattering.”
This statement is true as long as you
use the speech processing properly
and don’t overdrive your transmitter.
All too often, Amateurs not only run
their amplifiers in a highly non-linear
fashion but also run improperly ad-
justed speech processors. If you run
speech processing, the duty cycle on
the power ampilifier will increase. If you
don’t increase cooling to the final
stage, you could experience premature
failure.

5. “If your maximum output power
level is 100 watts you should occa-
sionally see that power level regis-
ter on SSB peaks on your output
power meter.”” Boy, here’s another
big lie. Ever since reasonably priced
power meters became available,
they've been used to do the wrong
things. For starters, most power
meters have a highly damped meter
movement. As a result, they respond
slowly. The truth of the matter is that
under normal circumstances, the
power meter should be indicating no
more than about 25 to 30 percent of
the actual power level of the amplifier
in a key-down position.?® It's for this
very reason that solid-state ampli-
fier/drivers have gotten such a bad
reputation.

6. “You can run a pair of 4CX250B’s
at 1 kW output on SSB.” This is
true. However, you won’t have many

friends. The 4CX2508 is rated on SSB
operation at 500 watts input for 300
watts PEP output per tube with an
IMD of only 25 dB.** IMD of 30 dB is
considered Amateur standard. So
don’t argue with fellow Amateurs
when they say you're splattering and
you are only running 600 watts PEP
output from a pair of 4CX2508s!

7. “IMD isn’t a real problem on the
VHF/UHF bands since there are so
few stations and they're all geo-
graphically separated.” Amateurs
on VHF/UHF used to say that they
didn’t have to worry about dirty signals
on VHF/UHF since there were so few
people and so much spectrum avail-
able. But that’s all changing now, with
many stations coming on and often
operating in close proximity to the call-
ing frequencies. Line of sight, higher
gain antennas, and sensitive receivers
that often lack high dynamic range are
compounding the problem.?'?2 Better
start watching your signal quality as
closely as you do on the DC bands.

summary

This month’s column, sort of a
mixed bag, was intended to put to rest
several of the most popular old wives'
tales. Most of the statements made
were addressed in the past 23 columns
and the other references cited. | hope
you'll be sufficiently interested in the
subjects discussed to research the ref-
erenced material independently. At the
same time, | hope you've enjoyed this
departure from my usual format and
will continue to follow this column as
faithfully as you have. Don't forget to
drop me a line with any suggestions or
advice.
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HAM IV . oo 228.00
T2X oo 275.00
AVANTI2M ................ 29.95
HI-Q BALUN ... ...... 995
KENPR? ................... 119.00
KR500 . ..ot 149.00
G 199.00
KR5400 249.00
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important VHF/UHF events

7 to 11 PM local SWOT
2-meter QSO party (informa-
tion from K5IS)

December 11: EME Perigee

December 13: Peak of the Geminids Meteor
Shower predicted at 0650
urTc

Peak of the Ursids Meteor
Shower predicted at 2200
urTc

+ 7 month, winter peak of
sporadic-E propagation

December 2:

December 21:

December 21:

January 3: Peak of the Quadrantids
Meteor Shower predicted at
2300 UTC

January 8: EME perigee

January 11-12: ARRL VHF Sweepstakes
contest

ham radio

102 NW BUSINESS PARK LANE
KANSAS CITY, MISSOUR} 64150
816-741-8118

CALL TOLL FREE
1 800 821-7323
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NAME INDEX

By Name and Call. 583 pages

1985-1986 Amateur Radio

k GEOGRAPHICAL INDEX

By State, City, Street No. and Call. 653 pages

(" Have a name — but need the Call Sign?
Traveling — and want to meet local Hams?

S
No frills directories of over 462,000 U.S.
Radio Amateurs. 8'2x11, easy to read
format.

¢ NAME INDEX—$25.00
* GEOGRAPHICAL INDEX—$25.00
Add $3 50 shipping to all orders.

radio....
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LECTRONIC TEST GEAR
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20 Ml-lz DUAL TRACE OSGILLUSGUPE

Unsurpassed quality al an unbeatable price, the Ramsay oscilloscopa s
compares 10 others costing hundreds more Fealures include a com-

ponent Ilr?lu\q] carcuit nu'rimmou capacitor, digial circut and diodo . i t - '

testing * TV video sync lifter = wide bandwidih & high sansitivily ® in il bty vty _ i . gt

'.mrmiugum:uln » front panel irace rotator « 7 axis * high sensilivily 3369 g5 * - ' bl 1 :masel . $66995 *
oy mode = regulated powes supply = buill-in calibiator » rock solid it e e

inggerng "USA — add $10.00 per unit lor postage, overseas ofdars .

add 15% of iotal order for insured surface mail

RAMSEY D-1100 NEW RAMSEY 1200 RAMSEY D-3100
) _'Jl]M HULTITESTEB VOM MULTITESTER : DIBIT&L MULTIMETER

Compa 1and |.|.,n.u de vl 10 Check transstons, dio and urate digital mes

quality

g pe J"|fl||' awilch & L i nput jacks ® over
1he Beginmet of as 4 spare back-up - anges wly probes ® high ’ s Al anges ® 3 CO dis
case - play with aulo o, aulo M |I|I-|-

sm& test loads and 5 teat leads and & low BAT indicator
. sl e
battery included 37 - battery included 54 995 tesl ledds and

battery included

s syl i
-

CT-70 7 DIGIT 525 MHz GT-90 9 DIGIT MHz F CT-50 8 DIGIT 600 MHz
CDUNTEB COUNTER COUNTER COUNTER

price. Featuros Tne mosl versatile for less than §300 Features digit countaf th i T s cosl A versatilo inb bench counter with optionsl
3 i ods more i i "
P Limes ® gate activity indicator & display hold » W e 2 lyp 150 MHZ typ iny
@ 150 MHE typecal sensitivity ® wido sitivity ® 10 MF sase for WWV calibration 1 ppm accuracy * display hold ® dual inpuls
trequency range ® 1 (fpm accuracy & 1 ppm ACCUTACY wilh preamps

$11995 runies $414995 ;g $16995 ;o ?1 £ 995 ot

BP.-4 nicad pack W10 1 PPM oven imebase 1 AA-T recoivor adaptor kil
BP-4 mcad pack

v, bt m

DM 700 DIGITAL MULTIMETEE PS-2 MIDIIJ MI.II.TIPUIEH PII 2 COUNTER I’HEAMP

Juality ala hobb h-| The P sdoal To weak signals
){. il 1 ¥ » ' 000 M r It ¢ ;... ® HNI |
® great for shilting RF ® idea mV @ 150 MHz ® BNC
| ||l 1 @ polarly ' & preamp onnecions Arives any counter

ar u;u. ampice
s1 1 995 wired includes Q5 wired includes 35 995 wired includes
AC adapler $4 995 AC adapler AC adapler
M- 700 kit wired PS 18 kil

MP. ) probe set

TERMS: » salislaction guaranieed » examine for 10 days: Il not pleased. relurn in
ACCESSORIES FOR RAMSEY COUNTERS original form lor refund = add 6% for shipping and insurance lo a maximum of
Telescopic whip antenna—BNC plug .. § 8.95 $10.00 » overseas add 15% lor surface mall « COD add §2.50 (COD in USA only|

High impedance probe, light loading . .. 16.95 PHONE nHD[Rs BAI.I. o grders under $15.00 add $1.50 « NY residents add 7°: sales lax « 90 day paris

warranty on all kits « 1 year paris & labor warranty on all wired unils

;?::cﬂa;:u%:i:n?r‘::(;:rs:oae use - 7'6-586-3950 RAMSEY ELECTRONICS, INC.

Tilt bail, for CT-70, 90, 125 2575 Baird Rd.
TELEX 466735 RAMSEY CI Penfield, N.Y. 14626
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MUF Forecasting

Recent studies of variations in max-
imum usable frequency (MUF) and its
controlling factor, foF2 (the maximum
ion density of the ionosphere), show
how to do MUF forecasting {(a day or
two ahead) during the next year of
DXing. In previous columns, methods
for obtaining a mid-latitude noontime
foF2 or MUF baseline {average) value
using the average solar flux value for
the same month were provided.’

The daily percentage change in
MUF can be obtained by using a fac-
tor related to the daily change in solar
flux or geomagnetic A index. The fac-
tor given in 1984 was percentage
change in MUF equals 30 per cent of
the solar flux change (1 per cent for
every 3 flux units). This was when the
solar flux numbers were in the 150s,
with large daily excursions of 10 to 20
units and a 2 to 3-day delay for the
ionosphere’s foF2 to catch up. This
approach to forecasting really works!

Now that we're near minimum sun-
spot number, does the same factor still
apply? No. Since the ionosphere is a
geophysical system in equilibrium (i.e.,
balanced), expect compensating con-
ditions to occur even though MUFs are
lower. The large and fast variations no
longer occur but are slower-changing
— 10 to 20 units in value over a period
of several days.

One study shows that the iono-
sphere is now more sensitive to solar
flux changes. The new factor has each
flux unit equal to 1.2 the percentage
foF2 change. In addition, the 2 to 3-
day delay is no longer experienced
because solar flux variations occur
slowly enough for the ionosphere to
“’keep in step.”’

The study also indicated that the
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influence of geomagnetic field varia-
tions on the ionosphere is greater now
than when solar flux levels were
higher. For example, at higher fluxes,
an A of 16 to 30 decreased the foF2
by approximately 4 to 7 per cent and
an A of over 100 resulted in a 15 per
cent decrease from the median value
of the month. At the current fiux level,
an A of 11 to 70 causes an 8 to 25 per
cent decrease in foF2. There appears
to be quite a difference. However, the
foF2 median value at the higher value
of flux was 9 MHz; currently it is 5.5
MHz. Take 15 per cent of 9 MHz and
25 per cent of 5.5 MHz. Notice that
these values are very close to 1.25
MHz — the actual foF2 reduction —
in either case.

The ionosphere has a way of equal-
izing effects between sunspot ex-
tremes. These foF2, solar flux, and A
index relationships were further con-
firmed by a study conducted at the
Institute of Telecommunication
Sciences (ITS) in Boulder, Colorado.
The study examined the distribution of
MUF values about the median (value)
for the month over a 6-hour period
during each day during the various
seasons and over three sunspot num-
ber ranges. They found little difference
{only 2 per cent) between mid-latitude
MUF variation and sunspot levels.
{More on this study next month).

In summary, the current solar flux
increases, though small, cause the
mid-latitude MUF to increase (1 per
cent for each flux unit). During dis-
turbed geomagnetic field conditions,
the reduction in mid-latitude MUF
(which occurs a few hours after the
onset of a storm) can be found from
this relationship: percentage change in
MUF = 0.375A +3.75. Values of solar
flux and geomagnetic field indices are

broadcast by WWYV at 18 minutes after
the hour. These new factors shouid
help you more accurately forecast DX
conditions during the next few years
of low sunspot numbers.

last minute forecast

The higher HF bands (10 through 30
meters) are expected to be best during
the first and second weeks of Decem-
ber as well as part of the last week of
the month. A solar flux peak on
December 5 and another on January
1 are expected to occur, enhancing DX
conditions. Lower solar flux values will
mean lower MUFs during the third and
fourth weeks of December. However,
lower flux means greater daytime sig-
nal strengths on the lower HF bands
since there’ll be less absorption during
these times. Lower absorption nor-
mally occurs during the winter months
as well as during the 27-day solar cycle
minimums. The geomagnetic field will
probably be disturbed during the third
week of the month. These distur-
bances result in a reduced MUF on
east-west and northern paths and an
enhanced MUF on transequatorial
paths.

The Geminids meteor shower,
which will peak on December 13-14,
will provide the richest and most relia-
ble display of the year, with rates of
60 to 70 per hour. Because optical
observations may be difficult or impos-
sible during periods of poor weather in
December, actual numbers must be
determined by radio reception. A
smaller version of the shower will be
observed on December 22,

Lunar perigee and a full moon will
occur on December 11 and 27, respec-
tively. Winter solstice occurs on the
21st at 2208 UT.
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides the MUF during “‘normal” hours,

*Look at next higher band for possible openings.
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NEMAL ELECTRONICS INTL,, INC.

//5;/’,

TYPE1 TYPE 2 TYPE 3 TYPE 4 TYPES
AVAILABLE IN v General Puposer - SV dnferall ) Rgh/y 18Gauge 9% 2 RGB/U 18 Gauge 96%
250-500-1000 I RGO/ 96% G 9 U% 2 RS9V 96% Lopper Shield Lopper Shiekt
FT.ROLLS Copper Braws  S0uper Braig Copper Braig 7@ 12 Gauge 1@ 12 Gauge
ORBY 2a oG 14 [LGauge 20 126w 1@ 18Gavge 1@ 18Cage
THE FOOT / 5@ 226age 1 6@ 18Gauye 39 20Cauge Shielded plus
J@ 20Gavge @ DGavge 1@ 22 Gauge Shielded plus Tinneg Copper
Shielded pius Shefded plus Shielded plus Tinneg Copper firain Wre
ez [nned Copper Dnned opper Tinned Sopper Drain Wire 3@ 22 Gauge Shieided
== Dram Wie O e shelgeg D" WP 3@ 22Gauge Shieldeo plus Tinned Copper
@ 22 Gauge Shielde plus Tianed Copper Dirain Wire
plus Tined Copper e
-, Oran Wiee
Designed for easy. e,
one.step mstaikation = 55¢ 75¢ 95¢ 79¢ 89¢
providing the FT FT FT FT

required cables for
most eanth station

NOW AUTHORIZED BELDEN DISTRIBUTOR
your one stop coax supplier!

w ¢ xc!l”“’“ SATELLITE GONTROL CABLE _

5 TYPES AVAILABLE!

m' ! Lowest Loss

Call for 1000 FT pricing

equipment
afl nadirect
bural jacket

HARDLINE
Two styles, two sizes for all installation needs

« Alyminum Outer Conductor with Polyethylene Jacket
1/2 inch loss .48 dB/100 1t. @ 30 MHz

3.68 dB/100 ft. @ 1000 MHz ... ..$1.25/M1.
7/8 inch loss .28 dB/100 ft. @ 30 MHz
2.54 dB/100 ft. @ 1000 MHz ... $3.26/ft.

« Corrugated Copper Outer Conductor with Polyethylene
Jacket

1/2 inch loss .38 dB/100 ft. @ 30 MHz
(FLC12-504) 2.78 dB/100 f1. @ 1000 MHz ....... $1.59/1t.
7/8 inch loss .13 dB/100 ft. @ 30 MHz
(FLC12-784) 1.3 dB/10D ft. @ 1000 MHz ... $3.92/11.

COMPARE RG 213 1.25 dB/100 @ 30 MHz
85 dB/100 @ 1000 MHz!

HARDLINE CONNECTORS
1/2 inch aluminum UHF M/F $19.00 Type N M/F $22.00
7/8 inch aluminum UHF M/F $48.00 Type N M/F $49.00
1/2 inch copper UHF M/F $22.00 Type N M/F $22.00
7/8 inch copper UHF M/F $49.00 Type N M/F $49.00

shipping

Cable — $6.00 per 100 ft.

Connectors — $3.00 per order.

Qrders under $20 add $2 additional plus shipping.
Charge card — orders over $30 only.

COD add $2.00. Florida Residents add 5%.

FACTORY AUTHORIZED DISTRIBUTOR
AMPHENOL, CABLEWAVE, COLUMBIA, KINGS
BLONDER-TONGUE, TYTON, B&K

« COAXIAL CABLE » SMATV PRODUCTS
« MULTICONDUCTOR CABLE e« COAX-SEAL

« CONNECTORS-ADAPTERS « COMPUTER CABLE
« HARDLINE « CRIMP TOOLS

« CABLE TIES * FIELD STRENGTH METER

i

4\

No. Miami,

ALL BAND TRAP
“SLOPER” ANTENNAS'!

FULL COVERAGE! ALL BANDS!{AUTOMA-
TIC SELECTION withPROVEN Weatherpraat
sealed Traps - 18 Ga Copperweld Wire!
GROUND MOUNT SLOPERS - No Radlals
needed! A
Connect Top to Trees, Buildings, Poles, stc at
ANY angle from Straightup to 60 degrees for
excellent “SLOPER" DX Antenna Gain or
bend it anywhere you need tol 2000 Watt
PEP Input, max. l!urmanent or portable Use
Instails_In 10 minutes. SMALL - NEAT -
ALMOST INVISABLE - No one will know you
have » Hi-Power DX Antenns. ldeal For COND'Os APART-
MENTS- RESTRICTED AREAS - Pre-tunod for 2-1 or lesa
SWR over ALL bands (except 80-160-300ke) No adjust~
ments nuedld - EVER. COMPLETELY ASSEMBLED, with
50 1t RG-58U Coax fsedllna and PL259 connector - Buiit
in Ilqhélnq arrestor - ready to hookupy FULL INSTRUC-
No. 1060S - 80-40-20-15-10—1 trap 49 ft.—— $49.95
No |04OS b 40-20- 5 - | trnp 26 . ——$48.95
13 tt.——$47.95

No IO!BS 160-80-40-20-‘5-!0 zu.p: 83 79.95
SEND FULL PRICE FOR PPDEL IN USA (Canadals $5.00
axtra for postage etc) or order using VISA, MASCARD -
AMER EXP, Give Number Ex Date. Ph 1-308-236-5333
weaakdays. We ship In 2-3 days(Per Cks 14 days) Guarantaed
1 yr - 10 day money back trial
WESTERN ELECTRONICS
Dept. AR-12 Koarney, Nebraska 68847
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QOniy Nemal affers the quaftity construction RG53/U capper sheelding made a mil sgec JANC-17
12-gauge conductors. tinned copperdrain wires. and a true direct bunal polyethylene jacket

12240 N.E. 14th Ave.

Telephone: (305) 893-3924

COAXIAL CABLE SALE
POLYETHYLENE DIELECTRIC
RG-8/U 96% shield Mil Spec............($29.00/100) or 31¢/ft.
RG11U 96% shield 75 ohm mil spec.. R ..25%/1t.
RG-55B/U double shield (RG-58 size) 50 ohm L. 4581t
BG58U mil spec 96% shield ............ (310 00/100) or 11¢/ft.
RG62ANU 96% shieid mit spec 93 ohmi . IR

RG174/U min. 50 Q mil spec .. LA
RG213 noncontaminating 96% shield mit spec L.36%t
RG214/U double silver shield 50 ohm. .. $1.65/1
RG214/U tinned copper .. ......B5¢1t
RG217/U double shield 500 5/8” OD.. .85/t

LOW LOSS FOAM DIELECTRIC
RG-8X (Mint 8) 95% shield .. ($15.00/100) or 17¢/it
RG8U 80% shield . .($19.00/100) or 22¢/ft.
RG-8/U 97% shielg 11 gu 1eq Belden 8214) 314

RG58U 80% shield .O7¢/ft
RG58U 95% shield . 04/t
RG59/U 100% foil shield TV type 108
RG59/U 70% copper shield. ......00¢/ft.
HEAVY DUTY ROTOR CABLE 216 ga 6-20 ga .. ......36¢1t.
Rotor cable 2-18 ga 6-22 ga Poly burial JKt... .19/t

Complete line of multiconductor cables available

CONNECTORS MADE IN USA
Amphenol PL 259 . .. . . E TP 89¢
PL-259 and/or 50-239 . . 65¢ g2, or 10/35.99
Double Male Connector . . . ..$1.79
PL-258 Doutle Female Connector ... . . 98¢
PL-259 Silver-Teflon Kings . ........ 8159 ea.
Reducer UG-175 or 176 ... ... 22‘ or 10/$2 00
UG-255 (PL-259 to BNC)...

Etbow {M359) UHF Elbow .. $1‘79
F59A (TV type) . ..24¢ or 10/$2.00
UG 21 D/U Type N Male for RGB Ampheno! $3.00

UG-88C/U BNC Male for RG-58, Amphenol .
UG 273 BNC-PL259 Amphenol .. -
3/16 inch Mike Plug for Collins etc. ((utoﬂ) .
shipping

Cable — $3.00 per 100 ft.

Connectors — add 10%, $3.00 minimum.

Orders under $20 add $2 additional plus shipping.
Charge card — orders over $30 only.

COD add $2.00. Florida Residents add §%.

IN STOCK
— OVER 500 \TEMS —
COMPLETE LINES

v 159

FL 33161

DX EDGE

$1 6 95
GRAYLINE AND LONG PATH
PREDICTOR

Great Circle Overlays

20°, 30°, & 40° Latitude (NSS)

$5 each

$3 When purchased with slide rule DX Edge
Piease enclose $3.50 shipping and handling

Ham Radio’s Bookstore
Greenville, NH 03048

band-by-band summary

Ten and twelve meters, the highest
day-only DX bands, are nearest the
MUF for southern hemisphere paths.
They will be open most days when the
solar flux is above 75 during the 7 to
10-hour period centered on local noon.
These bands open on paths toward the
east and close toward the west. The
paths are up to 4000 km (2400 miles)
in single-hop length, and on occasion
double that during evening trans-
equatorial openings.

Fifteen meters, a day-only DX band
open most of each day, has lower sig-
nal strengths and greater muitipath
variability than 10 and 12 meters. It will
be best when the MUF is just resting
above this band, until it drops below
it — a transition period that occurs
right after sunrise and just before sun-
set. Transequatorial openings will
occur, with distances similar to 10 and
12 meters.

Twenty, thirty, and forty meters are
both day and nighttime DX bands.
Twenty is the maximum usable band
for DX in the northern directions dur-
ing daytime. In combination with 30
meters, it provides nighttime paths for
the day-only bands. Forty meters
becomes the main over-the-pole DX
daytime band, with some hours
covered by 30 meters. This path may
be affected by anomalous absorption
during a few days of the month.

Eighty and one sixty meters, the night-
only DX bands, exhibit short-skip
propagation during daylight hours,
then lengthen at dusk. These bands
follow the darkness path, opening to
the east just before local sunset,
swinging more to the north-south near
midnight, and ending up in the Pacific
areas for a few hours before dawn. On
some nights, 80 meters, with its high
signal strengths, will be the best band
to use. One-sixty is also expected to
provide good conditions. Please
remember the DX windows of 3790 to
3800, 1825 to 1830, and 1850 to 1855
kHz.

references

1. Garth Stonehocker, KBRYW, “DX Forecaster,” ham
radio, January, 1984, page 83, and February, 1984,
page 79.

ham radio



ham

radio

Reader Service

101
102
103
104
105
106
107
108
109
110
m
12

113
114
115
116
117
118
119
120
121
122
123
124

NAME

ADDRESS
CITYy

125
126
127
128
129
130
131
132
133
134
135
136

137
138
139
140
141
142
143
144
145
146
147
148

149
150
151
1562
153
154
155
156
157
158
159
160

161
162
163
164
165
166
167
168
169
170
171
172

173
174
175
176
177
178
179
180
181
182
183
184

185
186
187
188
189
190
191
192
193
194
195
196

197
198
199
200
201
202
203
204
205
206
207
208

210
21
212
213
214
215
216
217
218
219
220

221

223
224
225
226
227
228

231
232

233
234
235
236
237

239
240
241
242
243
244

For literature or more information, locate
the Reader Service number at the bottom of
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ASTRON

CORPORATION

Conadion Distributor

Eastcom Industries, Ltd.

4511 Chesswood Dr.

Downsview, Ontario, Canada M3J 2Vé
(416) 638-7995

2852 Walnut Ave., Unit E
Tustin, CA 92680
(714) 832-7770

INSIDE VIEW — RS-12A

ASTRON POWER SUPPLIES

= HEAVY DUTY = HIGH QUALITY = RUGGED = RELIABLE =

RS and VS SERIES

SPECIAL FEATURES

® SOLID STATE ELECTRONICALLY REGULATED

* FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output.

* CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-4A.

* MAINTAIN REGULATION & LOW RIPPLE at low line
input Voltage.

* HEAVY DUTY HEAT SINK = CHASSIS MOUNT FUSE

* THREE CONDUCTOR POWER CORD

* ONE YEAR WARRANTY = MADE IN U.S.A.

PERFORMARNCE SPECIFICATIONS

« INPUT VOLTAGE: 105 - 125 VAC

* QUTPUT VOLTAGE: 13.8 VOC £ 0.05 voits
(Internally Adjustable: 11-15 VDC)

» RIPPLE: Less than S5mv peak to peak (full load
& low line)

MODEL RS-50A

MODEL RS-50M

MODEL VS-50M

RM-A Series

19" X 5% RACK MOUNT POWER SUPPLIES

Continvous Ics* Size (IN) Shipping
Model Duty (AMPS) (AMPS) HXWXD wt, (lbs.)
RM-35A 25 35 5% x 19 x 12V2 38
BM-50A 37 50 Bva x 19 x 12V 50
. h(jaarale Volt and Amp Meters _ ) _
RM-35M 25 35 5Va x 19 x 12V» 38
MODEL RM-354 RM-50M 37 50 5V x 19 x 12Vz 50
Continuous Ics* Size (IN) Shipping
RS-A SERIES MODEL Duty (Amps) (Amps) HXWXD Wt (Ibs)
. . RS- 4A 3 4 3% x 6% x 9 5
RS-7A 5 7 IV x6% x9 9
RS-78 5 7 47% ~10% 10
RS-10A 7.5 10 47V x 10% 1"
RS-12A 9 12 4/ x8x9 13
RS-20A 16 20 5x9x10% 18
RS-35A 25 35 5x11x 1 27
MODEL RS-7A RS-50A 37 50 B x 13% x 11 46
RS ‘M SEHIES « Switchable volt and Amp meter
= Continuous Ics* Siza (IN) Shipping
MODEL Duty (Amps) (Amps) HxWxD Wi (Ibs)
RS-12M 9 12 4, x8x9 13
RS-20M 16 20 5x9x10%: 18
RS-35M 25 35 5x11x11 27
RS-50M a7 50 6 x 13% x 11 46
MODEL RS-35M
VS-M SERIES « Separate Volt and Amp Meters
" * Output Voltage adjustable from 2-15 volts
« Current limit adjustable from 1.5 amps to Full Load
Continuous Duty ICs*
(Amps) (Amps) Siza (IN) Shipping
MODEL @ 13.8VDCZ 10VDC {2 SVDC @13.8v HxWxD Wit (Ibs)
VS-20M 16 9 4 20 5x9x10%: 20
VS-35M 25 15 7 35 Ex11x11 29
MODEL VS-20M VS-50M ir 22 10 50 6x13% x 11 46
RS-S SERIES o Built in speaker
Continous ICS* Size (IN) Shipping
MODEL Duty (Amps) Amps HxWxD Wi (Ibs)
RS- 7S 5 7 4x7%x 10% 10
RS-108 1.5 10 4 x 7% x 10% 12
RS-10L(For LTR) 7.5 10 4-9-13 13
RS-128 9 12 4% xBx9 13
RS-20S 16 20 5x9x 10% 18

MODEL RS-128

» 197




am_radio
cumulative iIindex

1981-1985

antennas and
transmission lines

general
Antenna geometry for optimum performance

N4HI p. 60, May 82
Antenna insulators, PTFE VHF

WSJTL p. 98, Oct 85
Antenna parameters, equations for determining

KG6B p. 40, Mar 82
Antenna restrictions (letter)

K3SRO p. 6, Nov 81
Antenna support (HN)

WEXM p. 64, Jun 84

Applied Yagi antenna design part 2:
220 MHz and the Greenblum design data

WB3BGU p. 33, Jun 84
Balun chop suey

KaKJ p. 113, May 85
Beam antenna mast lock

W4KV p. 68, Jun 81
Best way to get an antenna into a tree (HN}

WASVLX p. 84, Mar 81
Bulkhead connectar (HN)

K9CzZ8B p. 78, Apr 85

Short Circuit p. 74, Jul 85
Dipole antenna length reference chart (HN)

WEXM p. 75, Oct 81
Direction-finding tool, the fox box

K1ZJH p. 25, Oct 85
Ground rod resistance

KaMT p. 95, Jul 84

Comments p. 8, Sep 84
Ground systems, installing effective

KR7L p. 67, Sep 83
Ham radio techniques

WESAI p. 75, Nov 84
Ham radio techniques

WESAI p. 67, Dec 84
Leyden's magic jar: the derivation of

the Hertzian and Marconi antennas

KR6A p. 24, Oct 84
Light-bulb dummy loads (HN)

WEHPH p. 74, Oct 81
Neglected antenna for 40 and 80 meters

WewL p. 44, Jan 82

Comments, WOWL p. 8, May 82
Rain static resolved (Tech. forum)

WIFYX p. 83, Sep 83
Static mystery (Tech. forum)

HBOFU p. 85, Jul 83
The Zepp (letter)

W2RHQ p. 63, Aug 82
Vertical antenna, folded umbrella, top-loaded

VE2CV p. 12, Sep 82
Vertical-vee, converting (letter)

KASKWV p. 8, Sep 82
VHF/UHF world

W1JR p. 110, May 84
Wire plow, build a simple

w7Iv p. 107, May 84
Yagis, stacking is a science

K1FO p. 18, May 85

high-frequency antennas

Active antenna, 0.5-30 MHz
K1ZJH p. 37, May 85
Comments, Hansen, R.C. p. 10, Jul 85

Aligning Yagi beam elements (HN)

WA2SON p. 92, May 81
Applied Yagi antenna design, part 6:

the model and a special teaching tool

wB3BGU p. 89, Oct 84
Bobtail curtain and inverted ground plane: pan 1

W6BCX p. 82, Feb 83

Shart circuit p- 92, Nav 83

Comments, WA7BPO p. 12, Jul 83

Short circuit p. 92, Nov 83
Bobtail curtain and inverted ground plane: part 2

W6BCX p. 28, Mar 83

Short circuit p. 16, May 83

Comments, WA7BPO p. 12, Jul 83
Butterfly beam

WiXuU p. 30, May 81
Capacitively loaded dipole, high-performance

W6EVX p. 33, May 84
Debunking myths (letter)

wWBIVWA p. 8, Mar 83

Delta loop, the reduced-size, full-performance,
corner-tad

G3TKN p. 67, Jan 85
Dipole antenna over sloping ground

N4HI| p. 18, May 82
Dipole antenna, trimming the (HN)

WSNPD p. 69, Jul 81
End-fed 8JK; switchable vertical array

WIUJF p. 53, May 85
Four-vertical collinear slement 20-meter array

WABDXB p. 57, May 83
Grounded monopole with elevated feed

VE2CV p. 87, May 83
Half-delta ioop

VE2CV p. 37, May 82
Half-square antenna, the

NBGAN p. 48, Dec 81

Short circuit p. 79, Oct 82
Half-wave vertical

VE2CV p. 36, Sep 81
Ham radio techniques

WGESAI p. 65, Jan 84

Comments, WA20RL p. 8, Sep 84
Ham radio techniques

W6SAI p. 63, Feb 84

Comments, K4KYV p. 12, May 84

Comments, WD6DUD p. 8, Sep 84

Comments, AD1G p. 8, Dec 84
Ham radio techniques

W6SAI p. 53, Mar 84
Ham radio techniques

WG6SAI p. 76, Apr 84
Ham radio techniques, fifty years ago

WESAI p. 58, Jun 84
Ham radio technigues, 160 redux

WESAI p. 89, Jul 84
Ham radio techniques

WBSAI p. 96, Aug 84
Ham radio techniques

WESAI p. 106, Oct 84
Ham radio techniques

WESAI p. 32, Sep 81
Ham radio techniques
W6ESAI p. 55, Dec 85
HF antenna (HN)

W2GQK p. 22, Jul 83
inverted "'L", limited space (HN)

WS8FR p. 63, Jun 84
JR vari-lobe antenna, control your take-off angle

WIJF p. 46, May 85
Junk-box portable antenna

W3SMT p. 24, Oct 81
K7CW quad

K7CW p. 36, Sep 82

Log-Yagis simplified

W3EB p. 78 May 83
Making verticals quieter (Tech forum)

WAERYZ p. 98, Jun 83
Matching dipoles (letter)

W5XW p. 8, Aug 85
Mobile high-frequency antenna, refinements to

W3NZ P. 34, Jun 81
Mobiie vertical, 20-meter

K9CzB p. 26, May 83
Modified Bobtail (HN)

woemeP p. 87, Sep 84
Multiband 8JK, an end-fed

G3SBA p. 81, May 84
Phased arrays, feeding: an alternate method

KB8l| p. 58, May 85

Short circuit p. 74, Jul 85

Phased vertical arrays, pattern calculations for

WBSHGR p. 40, May 81
Quad owner switches

NE6NB, W6AQ p. 12, May 82

Comments, W6BQD p. 8, Dec 82

Rhombics, controlled vertical radiation,

part 1: designing for high performance

N4UH p. 100, Mar 85
Rhombics, controlled vertical radiation,

part 2: antenna erection and performance

N4UH p. 99, Apr 85
SEED antenna: a short, efficient

end-fed dipole

W4IAZ p. 103, Sep 84
Short antennas, efficiency of

W1GVv/4 p. 18, Sep 82
Short vertical antennas for low bands: part 1

W7DHD p. 36, May 83
Short vertical antennas for low bands: part 2

W7DHD p. 17, Jun 83
Six-element wide-beam for 10 (ham radio techniques)

WESA! p. 30, Dec 81
Stagger-tuned dipoles increase bandwidth

KaMmT p. 22, May 83
Suspended long Yagi (ham radio techniques)

WeSAl p. 34, Nov 81

Tapered vertical, calculating the
input impedance of

K30QF P. 24, Aug 85

Short circuit p. 78, Oct 85
Terminated vee beam, sloping

Ross, Robert p. 71, May 85
The K2GNC Giza beam

K2GNC p. 52, May 81
Top-loaded vertical, a high-efficiency

W6uUSs p. 65, Oct 84
Transmission line antenna, 160-meter

NONB p. 87, May 85
Trap antenna, design your own

W4mMB p. 37, Oct 84
Trapped antenna, trapping the mysteries of

N3GO p. 10, Oct 81

Comments, K9CZB p. 8, Feb 82
Triband Yagi beam (ham radio technigues)

WGESAI p. 68, Jan 81
Two delta loops fed in phase

WBHXR p. 60, Aug 81
Vertical phased arrays: part 1

K2BT p. 18, May 83

Comments, WIOAM p. 10, Mar 84

Vertical phased arrays: part 2
K2BT p. 25, Jun 83

Comments, WI0AM p. 10, Mar 84
Vertical phased arrays: part 3

K2BT p. 26, Jul 83

Short circuit p. 70, Oct 83

Comments, WGOAM p. 10, Mar 84
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Vertical phased arrays: part 4
K2BT p. 34, Oct 83
Short circuit p. 11, Dec 83
Comments, WSOAM p. 10, Mar 84
Vertical phased arrays: part §
K2BT p. 59, Dec 83

Comments, WGOAM p. 10, Mar 84
Vertical phased arrays: part 6

K28T p. 45, May 84
Verticals over REAL ground

WBIVWA p. 35, Jan 84
W8UK antenna, a new look at

QD5CG p. 60, Jut 81
Yagi beam elements, aligning (HN)

WA2SON p. 79, Jan 81
Yagis, designing with the Commodore 64

WASEKL @. 59, Jun 83
Yagis, stacking is a science

K1FO p. 18, May 85
3-element Yagi design, key to

K30QF p. 48, Mar 84
40, 80, and 160-meter vertical, remote controlled

W7LR p. 38, May 84
80-meter half-wave sloper uses reflector (HN)

KO1F p. 48, Oct 84

Short circuit p. 8. Feb 85

vhf antennas

Antenna insulators, PTFE VHF
WSJTL p 98, Oct 85

Applied Yagi antenna design part 1:
a 2-meter classic revisited
WB3BGU

Applied Yagi antenna design part 2:
220 MHz and the Greenblum design data

p. 14, May 84

WB3BGU p. 33, Jun 84
Applied Yagi antenna design part 3:

432 MHz with Knadle and Tilton

WB3BGU p. 73, Jul 84
Applied Yagi antenna design part 4:

a 50-MHz Tilton/Greenblum design

WB3BGU p. 103, Aug 84
Applied Yagi antenna design part 5

additional optimization techniques

wB3BGU p. 93, Sep 84
Dual quad array for two meters

W7SLO p. 30, May 80
Efficient matching (Tech. forum)

VE7BS p. 83, Sep 83
Fastening Trigon reflectors to VHF antennas (HN)

WSJTL p. 88, Sep 84
Ham radio techniques

WESAI p. 32, Sep 81
Handi-antennas

AABPZ p. 42, May 83
Helical antenna matching (Tech. forum)

Belliveau, John p. 73, May 83

Inexpensive five-eighths wave groundplane (HN)

w7CD p. 84, Mar 81
Matching 432-MHz helical antenna (Tech. torum)
WBNWU p. 44, Mar 83

Microwave antenna, homebrew
WBBVGI, Johnson p. 68, Sep 82
Re-entrant cavity antenna for the VHF bands

WA4FXE p. 12. May 81
Repeater antenna beam tilting

K7NM p. 29, May 83

Short circuit p. 80, Jul 83
Using a 2-meter quarter-wave whip on 450 MHz (HN)

K1ZJH p. 92, May 81
VHF antenna null, achieving the perfect

K3ED p. 48, May 83
VHFIUHF World

W1JR p. 110, May 84
VHF/UHF World: stacking antennas, part 1

W1JR p. 129, Apr 85
VHF/UHF World: stacking antennas, par 2

W1JR p. 95, May 85
VHF/UHF world

W1JR p. 85, Dec 85
Yagis, stacking is a science

K1FO p. 18, May 85
2-meter J-pole antenna, all-metal

KD8JB p. 42, Jui 84

Comments, K2WWT, KD8JB p. 8. Feb 85

Comments, DJOTR/OEBAK p. 8, Nov 85
2-meter V-antenna (Weekender)

AD1B p. 86, Jan 84

matching and tuning

A coreless balun

WA2SON p. 62, May 81
Antenna bridge calculations

K8GK p. 85, Mar 81

Short circuit p. 84, Nov 81

Antenna match, quick and simple

Anderson, Leonard H. p. 58, Jan 81

Short circuit p. 70, Feb 82
Antenna matching, easy

wB4GCS p. 67, May 84
Antenna tuner (HN)

WEXM p. 94, May 83
Antenna tuners (ham radio techniques)

WESAI p. 30, Jul 81
Balun design, another

W6EHPH p. 54, May 82
Capacitively coupled hybrids

WAEWT p. 70, Mar 83
Efficient matching (Tech. forum)

VE78S p. 83, Sep 83
Gamma malching, basic

WBaKN p. 29, Jan 85
Ham radio techniques

W6ESAI p. 42, Oct 81
Ham radio techniques

W6SAI p. 65, Jan 84

Comments, WA2DRL p. 8, Sep 84

Ham radio techniques
W6ESAI p. 63, Feb 84

Comments, K4KYV p. 12, May 84

Comments, WD6DUD p. 8, Sep 84

Comments, AD1G p. 8, Dec 84
Helical antenna matching (Tech. forum)

Belliveau, John p. 73, May 83
HF hybrid descriptions

W5TRS p. 80, Oct 83
High-frequency mobile antenna matcher, simple

weBcCXx p. 28, Jun 81
Hybrid ring

WA2EWT p. 50, Aug 83
Impedance matching (Tech. forum)

WB2NTQ p. 85, Jut 83

Comment, KOCQ p. 95, Nov 83
L-matching network, appreciating the

WA2EWT p. 27, Sep 80
Lowpass antenna matching unit, inductance-tuned

WOYBF p. 24, May 82
Low swr, how important?

WIGV/4 p. 33. Aug 81

Comments K1KSY, Wi1GV/4 p. 6, Dec 81

Matching dipole antennas
w1i0oLp p. 129, May 84

Comments, WEXW p. 12, Apr 85
Matching sections

KL7HIT p. 68, Mar 82
Malching 432-MHz helical antenna (Tech. forum)

WSNwuU p. 44, Mar 83
Phased arrays, feeding: an alternative method

KB8I p. 58, May 85

Short circuit p. 74, Jul 85
Swr meter, how accurate? {(HN)

wB9TQG p. 78, Jan 81
Swr meter for the high-frequency bands

WBGAFT p. 62, Oct 81
Tandem pi networks

W6EMUR p. 32, Jul 82
Testing baluns

KaKJ p. 30, Aug 83
towers and rotators
Antenna carriage and track pole mount

KB3K p. 46, Aug 83
Antenna hinge

N4L! p. 70, Aug 83
Antenna tower, fixed, tilt-over conversion

PABSE p. 125, May 85
Armstrong beam rotator

KP4OM p. 68, Feb 82
COE tailtwister rotor, pulse-position contrat of

WB4EXW p. 30, Jan 81
KLM antenna rotor, computer control for (HN)

WBMQW p. 66, Feb 81
Maltch your antenna to your tower

WD@OGF p. 14, Jun 84
Tower installation: make it sturdy, make it safe

WBSIIR p. 22, Jun 84
Keep your tower up

KBawW p. 26, Jun 84
UHF antenna tower, low-cost

KABGVY p. 30, Oct 84

transmission lines

Antiflex coaxial cable connection (HN)

W4IKV p. 42, May 82
Bridge measurements, the half-wave

transmission line in {HN)

KaKI| p. 108, Nov 84
Cheapie coax (letter)
WB4AHZ p. 8. May 82

Coax, measuring with an RCL bridge (HN)

WBSTQG p. 78, Oct 82
Ham radio techniques, fifty years ago

WESAI p. 58, Jun 84
Hardline connectors, inexpensive

WBAGCS p. 62, May 83

Comments, KM1H p. 8, Nov 83
Hardline, matching 75 to 50-ohm

WA4VRV p. 43, Oct 82
Hybrid coupler

wW100P p. 36, Jun 82
Measuring coax cable loss with an swr meter

wesTQG p. 35, May 81

Comments, WD4KMP, WBSTQG p. 6, Sep 81

Comments, W4PPB p. 8, Feb 82

Pi, pi-L, and tandem guarter-wave line matching
networks, response of

WEMUR p. 12, Feb 82
Plumber's delight coax connector (weekender)

N4LI p. 50, May 81
PL-259 connectors, attaching to RG-58/U cable (HN)

W5BVF p. 81, Jan 82
Rt power divider (HN)

W5TRS p. 80, Feb 82
RF transmission cable, microwave applications

K3HW p. 106, May 85
T coupler, the (HN)

K3NXU p. 68, Nov 80
Time domain reflectometer

VE3EFC p. 49, Nov 83

Transmission-line design, Pt. 2: distributed resonant
circuits in vht/uht lines
W6EGGV p. 62, Jan 81
Transmission-line design, Pt. 3: distributed resonant
circuits in vhtfuht lines
W6GGV p. 56, Feb 81
Transmission-line design, Pt. 4: distributed resonant
circuits in vhf/uht lines

W6GGY p. 64, Mar 81
Transmission-line design, Pt. 5. 50 MHz and above

W6GGV p. 72, Apr 81
VHF/UHF World-transmission lines

W1JR p. 83, Oct 85
VHF/UHF World

W1JR p. 85, Dec 85

.

audio
Add-on selectivity for communications receivers

G4GMQ p. 41, Nov 81
Audio filter building blocks

KBoOCY p. 74, Jul 83
Audio Filter design, computer-aided

KE2J) p. 15, Oct 85
Audio filter design, elliptic lowpass

W3NQN p. 20, Feb 84
Audio oscillator to pulse generator conversion (HN)

weoLQ p. 50, Oct 84
Audio response, tailoring (HN)

NiFB p. 42, May 82

“Audio to microwave’ amplifier, build your own

Gruchalla, Michael p. 12, Mar 84
Atuomatic gain control, an audio

K7NM p. 24, Sep 84
Better audio for mabile operation

K6GCO p. 48, Feb 81
CW acoustical filter (Tech. forum)

W7BI p. 22, Jan 83
CW and RTTY, digital audio filter for

WIOER p 60, Aug 83

Short circuit p. 199, Aug 84
Handheld transceiver, audio amplifier tor

N1RM p. 38, Jul 81
Heath HW-2036 mods (letier)

Mosher, E.A. p. 8, Jun 81
Passive audio filter design, part 2:

highpass and bandpass filters

Niewiadomski, S. p. 41, Oct 85

Commenis, W3NQON p. 8. Nov 85
Phone patches, building and using

N6ARE p. 34. Oct 85
Repeaters, speech synthesis for

NSEE p. 79, Mar 84

Simulated carbon microphones, using with Amateur
transmitters

WIMKV p. 18, Oct 81
Telephone ring indicator, visual (HN)

waaLl p. 62, Apr 84
TR-2400, external microphone for (HN)

WB2IFV p. 64, Mar 82
Understanding telephones

N6ARE p. 39, Sep 85
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Freg. 1dB
Recelve Range N.F Gain Comp. Device
Only (MHz) (dB) (dB) (dBm) Type Price
P28VD 26-30 1.1 15 0 DGFET $2095
P50VD 50-54 <1.3 15 0 DGFET $20.95
P50VDG 50-54 <05 24 +12 GaAsFET §70.95
P144VD 144-148 <15 15 0 DGF $29.95
P144VDA 144.148 <1.0 15 0 DGFET $37.95
P144VDG 144.148 <05 24 +12 GaAsFET £79.95
P220VD 220-225 <18 15 0 F £2005
P220VDA 220-225 <12 15 0 DGFEY $37.95
P220VDG 220-225 <05 20 +12 GaAsFET $79.95
P432VD 420-450 <18 15 - 20 Bipolar $32.95
P432VDA 420-450 <id 17 - 20 Bipolar $49.95
v A420-450 <05 16 +12 GaAsFET §70.95
Inline (rf switched)
SP28BVD 28-30 <12 15 0 DGFET $50.95
SPSOVD 50-54 <14 15 0 DGFET $58.
VDG 50-54 <0.55 24 + 12 GaAsFET $100.95
SP144VD 144-148 <16 15 0 DGFET $50.95
SP144VDA 144-148 <11 15 0 DGFET $67.95
SP144VDG 144-148 <0.55 24 +12 GeAsFET $109.95
SP220VD 220-225 <19 16 0 DGFET $50.
SP220VDA 220-225 <13 15 0 DGFET $67.85
SP220VDG 220-225 <0.55 20 +12 GaAsFET $109.95
SP432VD 420-450 <19 15 -20 Bipolar $62.85
SP432VDA 420-450 <1.2 17 -20 Bipolar $70.95
420-450 <0.58 16 +12 GaAsFET $109.95
Every mpiifier ls precision aligned on ARR's Hewlet! Packard HPBST0A/HP348A state-ol-the-art nolse figure
m-m'"ni'; only prea l“l)llfl-.n aro for receive applications only. Inline pfumpllﬂou arn rl switched (for use
:Iw mplilhtl hlgh‘ 25 watls ¢ ol:;r"pm« ount Inllu s ,l ll.u st
» or aval
- e in the 1-1000 MHz l‘innc nu?"ru rpll:!
U.S. and Canada. Connecticul resident
ndvonced sales tax, C.0.0. orders add 2. Alr mail fo foreign coun.
- tries add 10%. Order your ARR Rx only or Inline
n e ‘ e i v c r preamplifier today and ttoﬂ hearing like never bafore!
;. m
Box 1242  Burlington, CT 06013 * 203 582-9409 [
» 103
CUSTOM COMMUNICATION CONSOLES
Personal, Commercial, Industrial & Governmental Applications
Any shape & size to fill a carner or a room, Special design features & services are
« Replaceable front panel, for equipment changes. = Precisely cut front panel holes
by computerized equipment, « Computer aided design for: Floor plan lay-out, &
conso'e design. » Design assistance, on-site analysis & installation are available.
Canstructed from plastic laminated birch plywood & black anodized
aluminum extrusions
Contact: Larry Kushner, WAGBKC/4, President v 17
BCS, Inc., 5817 SW 21 Street, Hollywood, FL 33023 (305) 989-2371
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