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ICOM has your winning line-up for fixed, portable,
and mobile operations on today's hottest amateur bands.
Slide into the winner's circle with ICOM’s deluxe 75"
series transceivers, with a team committed to excellence
from VHF to UHF communications. Each compact all-
mode unit delivers maximum performance, reliability,
and ease of operation. It's a championship line-up!

All “75" series transceivers are an FMer's dream
rig with 99 tunable memories, four scan modes, odd
offsets, packet compatibility, scanning mic and DDS
system for data input. SSB/OSCAR delights
include dual VFOs, PBT, crystal-resonant
IF notch, noise blanker, and semi/full
CW break-in. The glamorous 75"
units provide ultimate
mobiling flexibility.

SUPER SCANNING

Monitor all of today’s
action with four scan-
ning modes: spectrum,
programmable, mode,
and memory. Scans 99

memories in five seconds!

2 METERS. 1COM’s 25-watt
IC-275A VHF leader receives
138.0-174.0MHz including the l.vubiic
service, marine, and weather bands,
and transmits 140.1-150.0MHz. In-
cludes AC supply. The IC-275H is 12-
volt DC-powered, produces 100 watts output,
and will operate with external AC supply.
Two of ICOM’s heavy hitters!

IC-475AR
440MHz Transceivers ©
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ICOM HAS ALL YOUR
BASES covm%"

%5 IC-575A
6 Meter/10Meter Transceiver
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220MHzx. The 25-watt output IC-375A receives 216.0-
236.0MHz, transmits 220.0-225.0MHz, and includes AC
supply. A genuine masterpiece!

A40MHz. Enjoy top-notch 430.0-450.0MHz operation with
the 25-watt IC-475A featuring AC supply, or go high
power using the 75-watt, AC/DC-powered 1C-475

‘super rig.

6 METERS/ 10 METERS. join the fun of sunspot
cycle 22 openings with the superb 10-watt IC-575A.
[t receives 26-56MHz, transmits 28-29.7MHz, and
50-54MHz, and includes AC supply. The
IC-575A, a true superstar!

ICOM HAS ALL YOUR
BASES COVERED! Meet

the unbeatable line-up
of ICOM equipment at
your local I[COM

dealer.
1C-375A O
220MHz Transceiver ICO M

ICOM America, Inc.

2380-116th Ave. N.E,, Bellevue, WA 98004
Customer Service Hotline (206) 454-7619

3150 Premier Drive, Suite 126, Irving, TX 75063
1777 Phoenix Parkway, Suite 201, Atlanta, GA 30349
ICOM CANADA, A Division of ICOM America, Inc.,
3071 - #5 Road, Unit 9, Richmond, B.C. V6X 2T4

All stated specifications are approximate and subject 1o change
without notice or obligation. All ICOM radios significantly
exceed FCC regulations limiting spurious emissions. BA1187-1

IC-275AH
2 Meter Transceivers
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THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE
COMMUNICATIONS POWER THAN EVER BEFORE

* Initiate phone calls from your HT or mobile
¢ Receive incoming phone calls
NEW!® Telephone initiated control.
.~ Operate your base station with complete control from any telephone
- Change frequencies from the controlling telephone
.~ Selectively call mobiles using regenerated DTMF from any telephone
.~ Eavesdrop the channel from any telephone
.~ Use as a wire remote using ordinary dial up lines and a
speaker phone as a control head.
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DIAL ACCESS HEMOTE/INTERCONNECT
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POWER

The new telephone initiated control
capabilities are awesome. Imagine
having full use and full control of
your base station radio operating
straight simplex or through any re-
peater from any telephone! From
your desk at the office, from a pay
phone, from a hotel room, etc. You
can even change the operating
channel from the touchpad!

Our digital VOX processor flips your
conversation back and forth fully
automatically. There are no buttons
to press as in phone remote
devices. And you are in full control
100% of the time!

The new digital dialtone detector
will automatically disconnect Pri-
vate Patch |V if you forget to send #
(to remotely disconnect) before
hanging up. This powerful feature
will prevent embarassing lock-ups.

The importance of telephone in-
itiated control for emergency or
disaster communications cannot be
overstated. Private Patch IV gives
you full use of the radio system from
any telephone. And of course you
have full use of the telephone
system from any mobile or HT!

To get the complete story on the
powerful new Private Patch IV con-
tact your dealer or CSI to receive
your free four page brochure.

Private Patch IV will be your most
important investment in commun-
ications.

« 106

NEW FEATURE

m Connects to MIC and ext.

speaker jack on any radio. Or
connect internally if desired.

m Can be connected to any HT.

(Even those with a two wire inter-
face.)

® Can be operated simplex,

through a repeater from a base
station or connected directly to
a repeater for semi-duplex opera-
tion.

® 20 minutes typical connect time
B Made in US.A.

OPTIONS
V2 second electronic voice delay
FCC registered coupler
CW ID chip

CONNECT SYSTEMS INC.
23731 Madison St.

Torrance CA 90505
Phone: (213) 373-6803

AMATEUR ELECTRONIC SUPPLY
Milwaukee W1, Wicklifte OH
Orlando FL, Clearwater FL
Las Vegas NV

BARRY ELECTRONICS COHP.
New York NY

EGE, Inc.

Woodbridge VA

ERICKSON COMMUNICATIONS
Chicago I

HAM RADIO OUTLET
Anaheim CA, Burlingame CA
Oakland CA. Phognix AZ
San Diego CA, Van Nuys CA,
Allanta GA

HENRY RADIO
Los Angeles CA

INTERNATIONAL RADIO SYSTEMS

Miami FL

JUNS ELECTRONICS
Culver City CA

MADISON ELECTRONICS SUPPLY

Houston TX

MIAMI RADIO CENTER CORP

Miami FL
MIKES ELECTRONICS

Ft Lauderdale, Miami FL
N&G DISTRIBUTING CORP

Miami FL

OMNI| ELECTRONICS
Laredo TX
PACE ENGINEERING
Tucson AZ
THE HAM STATION
Evansville IN
WESTCOM
San Marcos CA
CANADA:
CARTEL ELECTRONIC
DISTRIBUTORS
Surrey BC
COM-WEST RADIO SYSTEMS, LTD.
Vancouver B.C
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“DX-citin

Kenwood's advanced digital know-how
brings Amateurs world-wide “big-rig”
performance in a compact package. We
call it “Digital DX-citement”—that special
feeling you get every time you turn the
power on!

General coverage recewver lunes from
100 kHz — 30 MHz. Easily modified for
HF MARS operation

USB, LSB, CW, AM, FM,
and AFSK. Mode

selection is verified in
Morse Code

Covers B0-10 meters

HF TRANSCEIVER
MODE/KEY

ise Puse cw  am Fm

AT-440 internal auto. antenna tuner (BU m

AT-250 external auto. tuner (160 m—10m)

AT-130 compact mobile antenna tuner (160 m
10 m) =IF-232C/IC-10 level translator and modem
IC kit * PS-50 heavy duty power supply * PS-430/
PS-30 DC power supply * SP-430 external

10 m)

speaker * MB-430 mobile m.u.n.-ruq bracket
YK-88C/BBCN 500 Hz/: r CW tilters » YK-BBS/
BBSN 2 4 kHz/1.8 kHz S5B filters = MC-B0A/80/85

desk microphones * MC-55 (8P) mobile micro
phone * h5-5/6/7 headphones SP-40/50B
mobile speakers * MA-5/VP-1 HF 5 band mabile
helical antenna and bumper mount = TL-922A
2 kw PEP linear amplifier * SM-220 station monitor
VS5-1 voice synthesizer » SW-100A/200A/2000
SWR/power melers = TU-8 CTCSS tone umt
» PG-25 extra DC cable

Kenwood DynaMix™ high sensitivity direct

mixing system ensures true 102 dB receiver

dynamicrange. (500 Hz bandwidthon 20 m)
Super efficient cooling permits continuous
key-down for penods exceeding one hour
RF inpul power is rated at 200 W PEP on
SSB, 200 W DC on CW, AFSK, FM, and 110
W DC AM. (The PS-50 power supply 15
needed for continuous duty.)

Kenwood takes you
from HF to OSCAR!

Frequency and
10 groups
qQuencies m
for reg

mode may De

if 10 channels eac
1ay be stored in 10«
eater operation

.'.|11-I

IF shift, tuneable notch filter, noise blanker,

all-mode squelch, RF attenuator, RIT/XIT
Nd

ptional filters fight QRM

1] id | I]I{
A hulH in HHH frltp' is
standard. When an
optional SSB filter
(YK-88S or YK-88SN) is
installed, dual filtering
15 provided

RIT/XIT—2~ IF SHIFT AF -3 RF
0
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N
At ! ‘o
w2

OFF OFF

KENWOOD

KENWOOD U.S.A. CORPORATION

2201E. Dominguez S1., Long Beach, CA 90810
0O, Box 22745, Long Beach, CA 90801-5745
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If you take a careful look at our masthead this month
you will see that we are in the middle of several
changes that deserve a bit of explanation.

You will find that Rich Rosen, K2RR, has left to
pursue other activities in the industry. This will give
him an opportunity to capitalize on many of the won-
derful skills that he has shared with us over the past
five years. He has done a superb job at Ham Radio,
and he will be missed. However, his new activities
offer important oppaortunities, so we thank him very
much for his contributions here and wish him the best
of luck as he goes ahead with the next step in his
career. He may also have a bit of extra time to get on
the air so all of you 75-meter DX'ers had better watch
out.

Much of the responsibility of upholding the high
standards of the magazine will now fall on the shoul-
ders of Marty Durham, NB1H, who has joined us
as technical editor. He brings a variety of rf exper-
ience at two defense electronic companies along
with a love of contesting and Amateur tinkering and
experimentation.

A second well-qualified person who has agreed to
help us out is Bob Wilson, WA1TKH, who will be a
consulting editor. After he retired from a successful
career with a large Boston-area electronics company.
Bob and his wife Kit, WATWQM, co-owned and oper-
ated Radiokit for a number of years. As you may
know, this firm supplies parts and kits to Amateurs,
This experience makes Bob uniguely qualified to advise
us as we try to please all of you who like the smell
of hot solder.

Finally, to round out another important part of our
organization, Henry Gallup has joined us as advertis-
ing sales manager. He will be working with Rally
Dennis to see that your magazine stays thick and
healthy. More ads mean more pages of good articles;
so lets all wish him good luck!

Another major change on our masthead is the pro-
motion of Terry Northup to Managing Editor of Ham
Radio Magazine. In the few short months Terry has
been with us she has proven herself as a most worthy
candidate for her new job. She has done a superb job
of picking up the many scattered pieces that must go
together each month to put out a publication like ours
and has done all of this in a most professional way.
She has a number of great ideas for the months ahead,
and | feel sure that you will find Ham Radio more read-
able than ever as the magazine responds to her touch.

To round things out, | will reassume the Editor-in
Chief’s chair, an assignment that should be an easy
one considering all the excellent help I'll be getting
from Terry, Marty, and Bob along with our topnatch
staff including Sue Shorrock, Beth McCormack, and
Peggy Tenney.

Skip Tenney, WINLB

4 April 1988

REFLECTION

500 manuscripts later

Cedar Rapids presents many different images for
a number of people not least of which is the Collins
(Radio) division of Rockwell. To me it represents a
beginning. In July, 1982, at the National convention
held in lowa, | joined the staff of Ham Radio maga-
zine as technical editor. Having worked in the pub-
lishing industry before {rf design, Microwaves), being
an active radio amateur, and an electronics engineer
| iooked forward to the opportunity of combining my
technical skills with that of an avocation that | so dearly
enjoyed. | was not to be disappointed.

| really consider myself fortunate. An editor sits in
a unique position. | have been privy to so many of your
ideas, aspirations, plans. I've seen some great manu-
scripts, and some that required a little more work. Dur-
ing the past five and a half years we’ve published some
material that, because of the combined practical and
theoretical talents of the authors, is unique and just
doesn’t exist elsewhere — not in the professional jour-
nals, nor any of the consumer magazines.

We've received your letters, most of which I've tried
to answer — from short notes on the back of a QSL
card to major treatises. Ah, then the phone calls. How
many hundreds of hours have we spent on the land-
line together, starting with a germ of an idea only to
see it flourish into a full blown concept, and eventu-
ally a manuscript, though not necessarily on the same
subject. | believe, and probably always wili, that some
of the most fertile, creative minds belong to our group,
the radio Amateurs.

For these opportunities 1 thank you.

Ham Radio now has a new technical editor and
Terry Northup, as Skip just mentioned, has been made
managing editor. Continue supporting Ham Radio
magazine. Keep sending in those quality manuscripts,
keep calling in your suggestions. You have an excel-
lent opportunity as always to help shape the future
of this magazine as well as Ham Radio in general.

Rich Rosen, K2RR
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Are you
radioACTIVE?

Dean LeMon, KROV sure is! Dean
got active in Amateur Radio when
he was 16 years old and earned his
Extra Class license in less than four
years! “It's a facinating hobby and a
great way to meet all kinds of new
people from all over the world.”

Dean has cerebral palsy and got
started in Amateur Radio with help
from the Courage HANDI-HAM
System. The HANDI-HAM System
is an international organization of
able-bodied and disabled hams who
help people with physical disabili-
ties expand their world through
Amateur Radio. The Sysiem
matches students with one to one
helpers, provides instruction mate-
rial and support, and loans radio
equipment.

Isn't it time vou got radioACTIVE
with the Courage HANDI-HAM
System?

Call or write the Courage
HANDI-HAM System
WO0ZSW at Courage Cen-
ter, 3915 Golden Valley
Road, Golden Valley, Min-
nesota 55422, phone (612)
588-0811.

Are you

radioACTIVE?

6 April 1988

comments

stamps help some
hams

Dear HR:

We are collecting postage stamps to
help finance equipment for disabled
Radio Hams throughout the world.
Stamps from any country and in any
quantity would be very much appre-
ciated. These could include new or old
stamps removed from or still on thein
envelopes

The project has been running for
over a year and has been a tremendous
success, with local school children
helping with the sorting. All stamps
should be sent to my address.

John Allsopp, G4AYDM

30 Manor Park, Concord Village,
District 11, Washington, Tyne
Wear. NE372BT, England

international telegraph
speed contest

Dear HR:

The Blackhawk Chapter of the Morse
Telegraph Club has been considering
an International Telegraph Speed con-
test. We would like to run this in
conjunction with our Annual Gales
burg Railroad Days celebration, gener-
ally held on the second weekend of
June.

We would like to pattern the contest
after criteria used in the 1915 era,
awarding medals (probably of pewter
or bronzel copied from the original

Carnegie Medallion. The contest could
apply to both sending and receiving.
No bugs would be allowed. There
could be separate contests for Inter-
national and American Morse codes.
We would need to charge an entry fee
to cover some of the costs — probably
$156 to $25.
How much interest is there in such
a contest? Because of limited man-
power and financial resources, the
contest will probably require a special
committee under the arm of the inter-
national board of the Morse Telegraph
Club and/or associated organizations.
The Galesburg site provides a fairly
central location for both United States
and Canadian members and Is acces-
sible by rail, bus, and air. We can't
think of anything that would be more
visible to the public and gain more
notice from the media than such an
event. Please send your correspon-
dence to me.
Jim Woods, RR4, Box 22
Galesburg, Illinois 61401,

renewed friendship

Dear HR:

Yesterday | went to the dentist
office and was reminded of two old
friends. When | went to pick up a
magazine | observed ham radio among
those to choose from. Not only that,
but | saw the address label of some-
one | haven't seen in too many years!

| subscribed to ham radio for several
years until the cost of a/l the radio
magazines got beyond me and | can-
celled my subscriptions. | was glad to
see this copy and had plenty of time
to read it. Thanks to Garson Katona for
leaving his ham radio in the dentist
office. Needless to say, | thought he
had a good idea so | left the magazine
for the next person.

Thanks and 73. Still good reading.

Paul Woolverton, W2AEI
Trenton, New Jersey 08611
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KENWOOD 144/440MHz FM DUAL BANOER TM-721A vaL—g)—Maln
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The Kenwood TM-721A re-defines
the original Kenwood “Dual Bander™
concept. The wide range of innova-
tive features includes a dual channel
watch function, selectable full duplex
operation, 30 memory channels,
extended frequency coverage, large
multi-color dual digital LCD displays,
programmable scanning, and more
with 45 watts of output on VHF and
35 watts on UHF. TM-721A—Truly the
finest full- featured FM Dual Band
mobile transceiver!
(138.000
173.995 MHz) on 2 meters; 70 cm cover
age 1s 438.000-449.995 MH:z. (Specifi
ations guaranteed on Amateur bands

nly. Two meter transmit range is 144-148

MHz. Modifiable for MARS/CAP F'- il
requirec.)

14 memory channels and one call
hannel for each band store frequency,

repeater offset, CTCSS, and reverse

Channels "A" and "b" establish upper

ind lower imits for programmable band

in. Channels "C" and "d” store transmit

and receive frequencies independently
for "odd splits.

ller » PS-430 Power supply » TSU-6
CTCSS decode unit « SW-100B Compacl
SWRInowerAvolt meter * SW-200B Deluxe
rmeter » SWT-12m antenna
2 70 cm antenna tuner = SP-40

ACTUAL SIZE FRONT PANEL

Approx, b watts low power
A special
memory channel for each band stores
frequency, oftset, and sub-tone of your
favonte channel. Simply press the CALL
key, and your favorite channel 1s selected!

Automatically changes between main
and sub-band when a signal i1s present

16-key DTME

or UP/DWN keys on hand mic., mounting bracket, DC cable

microphone. (Encode built-in, optional
[SU-6 needed for decode,)

Compact mobile speaker SP 50B Lelux

hobile speaker « PG-2N DC cable + PG-3B KEN\/\/OOD
DC ine noise lilte MC SOA MC-80,

MC-85 Base staliof i Mﬁ4000

parc mbie anena (moun ol suped)  KENWOOD U S.A CORPORATION

MB 1 Mobile bracket MC 43S | n'. 201E. Domingue: CA 9081
MC-48B 16 key DTMF hand mi ). Box 22745, Long Beach, CA 90¢




MFJ multi-mode
data controller
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MFJ shatters the 6 mode barrier and the price barrier

MFJ MULTEMODE DATA CONTROLLER
COMPITIR STEN ACK

rOWER
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with the MFJ-1278 and gives you... Packet, RTTY,

ASCII, CW, WEFAX, SSTV and Contest Memory Keyer

... 7 digital modes. .. for an affordable $249.95

Amateur radio’s newest multi-mode
data controller -- the MFJ- 1278 - lets you
join the fun on Packet, RTTY, ASCII,
CW, Weather FAX, SSTV and gives youa
full featured Contest Memory Keyer
mode . . . you get 7 modes . . . for an
affordable $249.95,

Plus vou get high performance HF/VHF/
CW modems. software selectable dual
radio ports, precision tuning indicator.
32K RAM., AC power supply and more.

You'll find it the most user friendly of
all multi-modes. It's menu driven for case
ofuse and command driven lor speed,

A high resolution 20 LED tuning
indicator lets you tune in signals_fast in
any mode. All you have to do is to center
asingle LED and you're precisely tuned
in to within 10 Hz -- and It shows you
which way to tune!

All you need to join the fun is an
MFJ-1278, your rig and any computer
with a serial port and terminal program.

You can use the MFJ Starter Pack to
get on the air instantly. It includes
computer interfacing cable, terminal
software and friendly instructions . . .
everything you need to get on the air fast.
Order MFJ-1282 (disk)/MFJ-1283 (tape)
for the C-64/128 and VIC-20 or MFJ-1284
for the IBM or compatible, $19.95 each.

Packet

Packet gives vou the fastest and mosi
reliable error-free communications of
any amateur digital mode.

With MFJ's super clone of the industry
standard -- the TAPR TNC-2 - you get
genuine TAPR software/hardware plus
more -- not a ~“work-a-like”" imitation.

Extensive tests published in Packet
Radio Magazine (""HF Modem Perform-
ance Comparisons’) prove the TAPR
designed modem used in the MFJ-1278
gives better copy with proper DCD
operation under all tested conditions
than the other modems tested.

Hardware DCD gives you more Q50s
because you get reliable carrier detection
under busy. noisy or weak conditions.

A hardware HDLC gives you full
duplex operation for satellite work or for
use as a full duplex digipeater. And, it
makes possible speeds in excess of 56K
baud with a suitable external modem.

Good news for SYSOPs! New soltware
lets the MFJ-1278 perform flawlessly as a
WORLI/'WA7MBL bulletin board TNC.

Baudot RTTY

You can copy all shifts and all
standard speeds including 170, 425 and
800 Hz shifts and speeds from 45 to 300

baud. You can copy not only amateur
RTTY but also press, weather and other
exciting traffic.

A high performance modem lets you
copy both mark and space for greatly
improved copy under adverse conditions.
It even tracks slightly drifting signals.

You can transmit both narrow and
wide shifts. The wide shift is a standard
850 Hz shilt with mark/space tones of
2125/2975 Hez. This lets you operate
MARS and standard VHF FM RTTY.

You get both the American Western
Union and the international CCITT
character sets, Autostart for unattended
reception and selectable “Diddle™.

A receive Normal/Reverse software
switch eliminates retuning and Unshift-
On-Space reduces errors under poor
receiving conditions.

ASCII

You can transmit and receive 7 bit
ASCII using the same shilts and speeds
as in the RTTY mode and using the same
high performance modem. You also get
Autostart and selectable ' Diddle™.

cw

You get a Super Morse Keyboard mode
that lets you send perfect CW effortlessly
from 5 (0 99 WPM. including all prosigns
- it's tailor-made for traffic handlers.

A huge type ahead buller lets you send
smooth CW even if you "hunt and peck™

You can store ent.re QSOs in the
message memories, if vou wanted to!
You can link and repeat any messages lor
automatic CQs and beaconing. Memories
also work in RTTY and ASCI modes.

A tone Modulated CW mode turns
your VHF FM rig into a CW transceiver lor
anew fun mode. It's perfect for
transmitting code practice over VHF FM.

An AFSK CW mode lets you ID in CW,

The CW receive mode lets vou copy
from 1 10 99 WPM. Even with sloppy fists
you'll be surprised at the copy you'll get
with its powerful built-in software.

You also get a random code generator
that’ll help vou copy CW faster.

Weather FAX

You'll be fascinated as you waich

WEFAX signals blossom into full

MFJ ENTERPRISES, INC.
Box 494, Miss. State. MS 39762
601-323.5869 Telex: 53-4590 MFISTKV

NMedged weather maps on your printer.
Other interesting FAX pictures can also
be printed -- such as some news
photographs from wire services.

Any Epson graphics compatible
printer will print a wealth of interesting
pictures and maps.

Automatic sync and stop lets vou set
it and leave it for no hassle printing.

You can save FAX pictures and
WEFAX maps to disk i your terminal
program lets vou save ASCII files to disk.

Pictures and maps can be printed 1o
screen inreal time or from disk on IBM
and compatibles with the MFJ-1284
Starter Pack.

You can transmit FAX pictures right
ofl disk and have fun exchanging and
collecting them.

Slow Scan TV

The MF.J-1278 introduces you to the
exciting world of slow scan TV

You'll not only enjoy receiving
pictures [rom thousands ol SSTVers all-
over-the-world but you can send your
own pictures to them, 1oo.

You can print slow scan TV pictureson
any Epson graphics compatible printer. If
vou have an IBM PC or compatible you
can print to screen in near real time or
from disk with the MF.J-1284 Starter Pack.

You can transmit slow scan pictures
right off disk -- there’s no need to set up
lights and a camera for a casual contact.

You can save slow scan pictures on disk
from over-the-air QS0s if your terminal
program lets vou save ASCII files.

The MF.J- 1278 transmits and receives
8.5. 12, 24, and 36 second black and white
format SSTV pictures using two levels.

Contest Memory Keyer

Nothing beals the quick response of a
memory keyer during a heated contest,

You'll score valuable contest points by
completing QS0s so fast vou'll leave your
competition behind. And vou can snag
rare DX by slipping in so quickly vou'll
catch everyone by surprise.

You get lambic operation with dot-
dash memories, sell-completing dots and
dashes and jamprpof spacing.

Message memories let youstore contest
RST, QTH. call. rig info - everything you
used to repeat over and over, You'll save
precious time and work more QSOs,

You get automatic incrementing serial
numbering. In a contest it can make the
difference between winning and losing.

A weight control lets you penetrate
QRM with a distinctive signal or lets your
transmitter send perfect sounding CW.

More Features

Turn on your MFJ- 1278 and it sets
itsell to mateh your computer baud rate.
Select your operating mode and the
correct modem is automatically selected.

Plus. .. printing in all modes,
threshold control lor varving band
conditions, tune-up command, lithium
battery backup, RS-232 and TTL level
serial ports, watch dog timer, FSK and
AFSK outputs, output level control,
speaker jack for both radio ports, test and
calibration software, Z-80 at 4.9 MHz, 32K
EPROM. and socketed 1Cs. FCC approved.
Ox 1V2x9%inches, 12VDCor 1 10VAC.

Get yours today and join the fun crowd!

FOR YOUR NEAREST DEALER
or to order call toll free

800-647-1800

One Year Unconditional Guarantee

MFJ . . . making quality affordable
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multi-featured
function generator

Test bench instrument
features versatility
and low cost

Any Amateur who enjoys experimenting knows
the frustration of not having the test equipment need-
ed to troubleshoot a problem. | had gradually accumu-
lated most of it, but was still missing an audio function
generator. | hadn’t planned to build one, but a brief
scan of equipment catalogs quickly changed my mind:
the equipment had a higher degree of sophistication
than | needed and was also expensive.

Function generator projects have been around for
years and it's sometimes difficuit to find one whose
technology falls somewhere between bare basics and
high complexity. My requirements for a function
generator included: dc offset capability, external
frequency measurement, at least one very low fre-
quency range, separate simultaneous outputs, low
output impedance, and continuously variable wave-
shaping. This project is an attempt to fill a niche
sometimes neglected in Amateur circles — a simple,
versatile, and easily reproduced function generator for
someone who needs more than just a simple signal
source, but not lab-standard features or performance.

Itisn’t necessary or even desirable to duplicate this
instrument exactly, since each builder may have differ-
ent operational needs. The circuit is simple enough for
anyone with a little experience in junkbox improvisa-
tion to reproduce a working model. The total cost,
even with all parts purchased new, is about $35.

features

| chose the XR-2206 monolithic function generator
IC as a basic building block; 1'd used it before and
knew its performance was predictable. | claim no orig-
inality for any of the individual circuits presented here
— only for the way they're used in my own applica-
tion. The basic circuit is adapted from the 1985 Radio
Shack Semiconductor Reference Guide', which is
similar to EXAR's data sheets (fig.1).

The prototype evolved into its final version over
several months. The final design features include:

¢ Three separate, simultaneous outputs for sine/
triangle, square wave, and constant amplitude pulse
(for driving a frequency counter, or oscilloscope
triggering).

e Usable frequency range from 1 Hz to 100 kHz.

¢ DC offset, with a momentary spot button to tem-
porarily disable the ac portion of the output signal, so
the dc component can be viewed alone on an oscillo-
scope display or volt-ohm-millimmeter for easy dc off-
set adjustment.

* Variable amplitude from = 100 millivolts peak-to-
peak to = 15 volts peak-to-peak, with switchable
attenuation. (The attenuation ratio is about 10:1.)
¢ Coarse and fine frequency adjustment controls.

¢ Stable, relatively clean waveforms (although prob-
ably not lab standard).

* Continuously variable waveshaping between sine
and triangle waves.

¢ Fairly low output impedance, with almost 5 watts
average output power (into 8 ohms).

* Virturally indestructible output circuitry.

* Low cost, easily obtainable components.

¢ Simple, easy to reproduce circuit.

dc offset

My first addition to the original circuit was dc¢ off-
set capability. The logical starting point was at the Ra-
Rg voltage divider network between U, pins 3 and 4
{point 1in fig. 1). The voltage at point 1 creates a dc
component at the noninverting input, causing a dc
component to appear in the output signal at point 2,
roughly equal to half the total supply voltage.

In the original XR-2206 circuit, this component in
the output provides the required bias for the base of
an external amplifier transistor and eliminates the need
for a base biasing network. Replacing the Ra-Rg
divider network with a potentiometer of the same total
resistance made the dc offset of Qa’s output theo-
retically equal to the dc voltage present at the wiper
of the pot {minus the base-to-emitter voltage drop).
Variable dc offset occurred as the pot was adjusted.

This worked until | tried some routine gain adjust-
ments. A resulting problem was that the resistance of
the gain control pot, R¢, comprised a small but defi-
nite portion of one leg in the voltage divider system

By Rod Robbins, WA7IRY, 22435 Bents Road,
Aurora, Oregon 97002
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fig. 1. The original XR-2206 function generator circuit,
adapted from the 1985 Radio Shack Semiconductor
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WavE QUTPUT

and whenever the gain was varied, the divider ratio
changed slightly, in turn changing the dc offset. This
unexpected ‘‘feature’”’ meant that the dc offset had
to be zeroed each time the gain was changed.

The solution was simple. DC offset can also be
achieved in an external base-biasing circuit of output
amplifier Q, (see fig. 2). | modified the circuit with a
dc blocking capacitor in the IC’s output to cut off the
small, but annoying, interaction between gain and off-
set adjustments. | used a surplus 30-k, 10-turn pot as
a voltage divider in Q;'s base circuit resulting in a vari-
able base bias voltage as the pot was adjusted (R6 in
fig. 2). The emitter voltage automatically follows the
base voltage, minus the base-to-emitter drop.

While the 10-turn pot provides smooth, high-
resolution adjustment, even at high oscilloscope mag-
nification, a standard pot will work. Use one with the
smoothest movement and widest adjustment sweep
range you can find. Note the circuit now has two dc
offset adjustments: a set-and-forget trimpot for initially
setting the offset in the original IC circuit, and an oper-
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fig. 2. The final design. Values for the frequency range capacitors, C,-C,, are given in the text. Also, note the diodes insert-
ed in the voltage regulator ground return leads to tailor the output voltages.
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ational control in the output amplifier circuit. (More
on this later.)

frequency adjustment

It's easier and more accurate to read frequency on
a counter or oscilloscope. Achieving accuracy and/or
linearity on an analog dial face is tough, even for com-
mercial devices.

| added another simultaneous output, J;, produc-
ing pulse output for driving a frequency counter or os-
cilloscope. Even if a counter isn’t available, the pulse
output frequency can be approximated on an oscillo-
scope more accurately than on any homebrewed dial
face. You can get smooth, high-resolution frequency
adjustment by using a pair of good quality pots; one
500 k for coarse adjustment, and one 30-k unit {(mul-
titurn if available) for fine adjustments. | used anoth-
er surplus 10-turn pot of the same type as the dc offset
pot. Dial face markings and time-consuming calibra-
tion weren’t necessary.

frequency ranges

Frequency ranges are provided by four mechanically
switched capacitors. Most homebrew function gener-
ator designs |'ve seen use four or five frequency range
capacitors, with values in exact decade steps, to pro-
vide (theoretically) a decade step function between
ranges. This seldom works in practice, because of vari-
ables like component tolerance and stray capacitances
in the wiring, switches, and connections.

My design uses external frequency measurement,
so | decided that convenience rather than a strict
mathematical relationship would determine the band-
widths and range overlaps. Capacitor values deter-
mined by experiments allowed me to set up my unit
to provide wide, overlapping coverage of portions of
the audio spectrum that | needed most. The values
are shown in table 1.

The range overlaps have no obvious mathematical
relationship, nor is the bandspread linear, but this
doesn’t matter as the frequency is read on external
instruments rather than a dial face.

| needed only four ranges, so two positions on the
six-position rotary switch are unused. The builder can
use as many or as few positions as he wants, as well
as different value capacitors to make the ranges.

switchable attenuation

At this point, the lowest amplitude available from
the unmodified circuit was about 800 millivolts peak-
to-peak. Because | wanted the option of using the de-
vice at lower signal levels, | installed a voltage divider,
R, and Rg (fig. 2), in the IC output circuit, just ahead
of the blocking capacitor. | experimented to find values
that provided about a 10:1 attenuation ratio. They
don’t mathematically “compute’’ to this ratio because

Table 1. Frequency-range capacitors C1-C4

Frequency range Capacitance

(hertz) {microfarads)
1-400 C, 0.2*
30-5000 C,0.1
200-10K C, 0.01

8K -- 100K C, 0.00022

*C, actually consists of two 0.1-xF capacitors in parallel.

the input impedance of the emitter follower is involved
in the calculation, so it's not really a simple voltage
divider relationship. Start out with my attenuation
values and change them if you want a different ratio.

When S, is set at position 2, most of the output volt-
age is dropped across R,, allowing only the portion
of the output signal’s amplitude across Rgz to be
presented to Q, input. When the switch is in position
1, the entire signal amplitude is dropped across both
R, and Rg and presented to Q,. This provides clean,
well-defined signals down to about 100 millivolts peak-
to-peak, not bad for a homebrew device.

waveshaping adjustment

The waveshaping control is a ganged switch poten-
tiometer combination (R;-S,) allowing the waveshape
to be varied from a distorted sine wave to a sharp tri-
angle wave as the resistance of R; increases. At the
end of the pot rotation, S, opens, placing an infinite-
ly high resistance across IC pins 13 and 14, giving the
triangle waveform maximum sharpness.

output amplifiers

This unit uses separate emitter-follower amplifiers
for both square and sine/triangle wave outputs,
providing adequate power for driving low-impedance
loads. Note that according to the Jameco catalog? the
2N3772 transistors are rated for a collector current of
30 amps. This seemed like a case of overkill, since the
power supply is current limited to 1.5 amps per side.
But, while thumbing through parts catalogs for suita-
ble output transistors, | couldn’t get past the fact that
these monsters are only 89 cents each in single-lot
guantities, so | chose the 2N3772. You can use the
2N3055 or similar NPN devices. This type of power
transistor is not really necessary but makes the out-
put amplifiers virtually indestructible, at least from the
current available from the function generator.

power supply

| used a split-polarity power supply to enable dc
coupling capability. An exact duplication of my pow-
er supply isn't necessary — many generic designs have
been published. | happened to have an outboard non-
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fig. 3. Block diagram of a generic split-polarity power
supply, using a centertapped transformer.

tlasly
mRt

centertapped transformer, so | used the circuit shown
in fig. 2. A centertapped junkbox transformer with
adequate output voltage would also work. (See the
example in fig. 3.)

There are a few important considerations whatever
power supply design you use. The positive and nega-
tive voltages must have enough difference between
them to provide adequate voltage swing in the out-
put signal. In my unit, the maximum output amplitude
was about 65 percent of the available supply voltage.
Don't exceed the XR-2206's maximum rating of 26
volts.

In my design | used 7805- and 7905-series 5-volt
positive and negative fixed regulators. | tailored the
exact voltage for each side by inserting 1N4148 diodes
in the ground return lines, in series with the zener di-
odes. By hand selecting diodes in the protoboard ver-
sion of the circuit, | achieved the voltages shown (a
total of 25.4 volts between the positive and negative
sides). This was measured on a good-quality digital
VOM, and was as close as | dared to approach the
26-volt maximum.

Note that | used fixed regulators only because | had
them. Adjustable regulators, like the LM317 and
LM337 series, can also be used for simple and precise
voltage settings.

Another.consideration is that the positive voltage
should be a few volts higher than the negative. Ini-
tially, | made the positive voltage about 0.7 volt higher,
to compensate for the base-to-emitter drop in the out-
put amplifier. This made the sine/triangle wave out-
put signal nearly symmetrical as the amplitude reached
the clipping level. Because the maximum square-wave
output was only + 6.5 volts, | readjusted the positive
voltage to about 3.4 volts higher than the negative.
To gain a higher square-wave output, | had to sacri-
fice a few volts of sine/triangle wave output. This
compromise really isn’t necessary if you don’t need
the higher square-wave output.

construction

As you can see in photos A and B, | used simple,
straightforward construction methods and a lot of
junkbox parts. Most of the circuit is built on an 3-3/8
by 2-7/8 inch Radio Shack ""universal pc board" that
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photo A. Top view of the completed function generator
shows panel controls.

photo B. Inside view, shows power supply components
mounted on the left side of the metal lid, which serves as
the bottom. Power resistors Rg, Ry, are located over the elec-
trolytic capacitors.

has solder-ringed holes, two bus lines, and a ground-
ing strip. Parts placement or layout isn't critical. The
frequency ranges of the function generator are low
enough that stray capacitances and inductances from
the board, IC socket, or wiring don’t seem to cause
any problems.

| built the unit inside a 7-3/4 by 4-3/8 by 2-3/8 inch
Radio Shack experimenter box, using the widest plas
tic side of the box for the faceplate and controls. The
removable metal lid became the bottom, was drilled
for mounting the two power transistors, and serves
as a heat sink. (See photo C.) It was not used as an
electrical ground plane as such. All chassis ground
points on the schematic return to a single tie point on
one of the terminal strips. This technique works well
in this kind of circuit for eliminating ground loops, o0s-
cillation, and instability.

| extended the four bottom rubber feet slightly by
inserting small squares of double-faced tape on the
bottoms before mounting them to the metal lid.

The ac power transformer was used outboard be
cause there wasn’'t room inside the cabinet (see in
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photo B). This wasn’'t a problem in my case because
the transformer was designed to be freestanding. |
simply removed the cover, took out the unneeded rec-
tifier components, and installed a fuse holder. The
transformer’s output plugs into the back of the func
tion generator through a mini phone plug and jack.

The layout of the faceplate and output jacks allows
enough room between controls for convenient oper-
ation without bumping or moving the other settings.
| used RCA phono-type output jacks installed on the
back of the unit. Photo D shows the finished prod-
uct complete with outboard transformer and a set of
homebrew test leads.

getting the parts

None of the parts for this project are unusual or hard
to come by. In the prototype, | tried different pots
ranging from 15 k to 50 k for both the dc offset and
fine frequency adjustments, with no noticeable differ-
ence in results. They don’t need to be multiturn types,
although they make adjustment smooth and precise.

Whatever you can’t find in the junkbox or on flea
market tables, you can get at Radio Shack or from the
suppliers listed in table 2.

testing and alignment

After the unit is assembled, check the wiring con
nections against the schematic and inspect for solder
bridges and tiny wire strand fragments. When you‘re
sure the wiring is correct, leave the XR-2206 out of
its socket, turn on the power, and watch closely. If
everything seems right (it's normal for the power resis-
tors, Rg and Ry, to be quite warm but not smolder
ing), turn the power off and insert the 2206. Preset
the following controls:

1. Frequency range switch Sy to second or third
range.

. Gain (amplitude) control Ry to midrange.

. XR-2206 dc-offset trimpot Ry to midrange.

. Frequency adjustment pots Rz and R4 to midrange.
. Main dc offset pot Rg to midrange.

. Waveshape adjustment pot Rs to midrange.

. Square-wave gain pot Ry to midrange.

. Attenuation switch S3 to OFF (Position 1).
Connect an oscilloscope to the sine/triangle wave
output, and turn on the power. Hold the dc offset spot
button in, and adjust main dc-offset pot Rg to verify
that the dc level varies to the expected positive and
negative levels. Remember, it's normal for the posi-
tive limit to be a few volts higher than the negative.
If this checks out, center Rg to 0 volts, and release
the spot button.

At this point, a signal of some type should appear
on the oscilloscope. The exact shape or frequency isn’t
important; simply adjust the frequency ranges on the
oscilloscope and/or function generator to display two

dogbsWN
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photo C. Mounting arrangement for the power transistors and
rubber feet on the metal lid, which serves as the bottom of
the function generator, Along the top edge are the three RC
phone jacks for the (left to right) sine/triangle, square wave,
and frequency counter outputs, respectively. The 1/8th inch
phone jack at the far left is the ac input jack from the out-
board transformer.

photo D. The completed unit, shown with the outboard power
transformer and set of homebrew test leads.

or three complete cycles of whatever waveform you
see, and reduce the gain to just below the clipping
level.

Slowly increase the gain until the waveform clips
slightly, on either the positive or negative peak. Ad-
just IC dc-offset trimpot Ry until the waveform drops
below the clipping level. Repeat these two steps until
the waveform is centered between the positive and
negative clipping points. The trimpot is set properly
when the waveform clips on both positive and nega-
tive peaks at the same time, just as gain reaches the
clipping point. Note that this is a set-and-forget con-
trol; dc-offset adjustments during normal operation will
be done with Rg.

Now adjust the waveshape control, the Rg-S; com-
bination, through its entire range, and verify that the
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Mosley, Hy-Gain, B&W, Van
Gorden, Hustler, Larsen,
Antenna Specialists,
Centurion, Smiley

Antennas in Stock
for Mobiles, Base Stations,
and Handhelds

Everything from mini rubber
duckies 1o huge monobanders

ASK FOR PACKAGE
DEALS ON ANTENNAS
AND ACCESSORIES

Also. ..
Antennas tor Scanners, CBs,
Marine, Commercial, and
Short Wave Listening

. ,‘3111 t
IC-781

Ultimate ham HF radio. CRT
display & spectrum analyzer

IC-761
New 160-10m transceiver
with general coverage receive
and many built-in features

FT 23/33173
Mini HTs for 2m,
220/440 MH2z

FT 727R

2m/440 MHz Dual Band HT

IC-28H
Tiny 2m with 45 W output

FT-767GX
All Mode Transceiver
with CAT System

FT.747GX
Good low-priced basic HF
amalteur ng

IC-275A

All-mode Transceiver

FT-736R
VHF/UHF Base slation for
SSB. CW. FM on 2m, 440
MHz, and optional 6m, 220

MHz, or 1.2 GHz

E for 2m or 440 MHz

R-7000
General Coverage Receiver
Micro 2AT/4AT
Mini Handhelds
IC-02AT/03AT/04AT
Handhelds for 2m/220/440

FT-757GX Mark Il
HF Transceiver with
General Coverage Receiver

UNARCO-ROHN | Packet Controllers
TRI'EX Kanlronics and MFJ
HY-GAIN Amateur Software

Ham Data Software for
Commodore Computers
Ask tor Descriptions

RTTY/Morse/Amtor

Ask for package quoles on
complete tower assemblies
including Phillystran, guy
fwire, antennas, rotators, elc

ROTATORS Hardware and Software and
Kenpro, Alliance, Daiwa. packages by Kantronics.
Telex Hy-Gain Microlog, HAL, MFJ, & more

TS-140S
HF Transceiver with
General Coverage Receiver

TS-940S
HF Transciver with
General Coverage Receiver

TM-221A/321A/421A
2m/ 220/ 440 MHz Mabiles

New
Improved

TH 215AT
2m Handheld

TH-25AT/45AT
Tiny HTs for 2m/ 440 MHz

AMPLIFIERS
Vocom. Daiwa, 1E Syslems,
Amp Supply, Mirage, Alinco,
Ameritron, Tokyo Hy-Power,
RF Concepls

ANTENNA TUNERS
Amp Supply, Ameritron, MFJ

Switches, Couplers, Filters,

Connectlors, Mikes, Keyers,

Paddles, Headsels, Clocks,
Books, Power Supplies

To Order Call Toll Free: 800-444-4799

Kantronics
Packet Units
Now with
WeatherFAX__=
Ask about KPC-2 /&
& KAM All-Mode

Now Available

Heathkit

Amateur Products
Call tor details

Paragon
Amateur Transcever with
General Coverage Receiver

Corsair Il
Model 561 HF Transceiver

ALR-22T
Compact 2m Mobile

ALD-24T
Compact Dual-band Mobile
for 2m & 440 MHz

SONY

Receivers

REGENCY
BEARCAT
Scanners

CB RADIOS
Midland, Cobra, Uniden
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Table 2. Suggested parts suppliers

Jameco Electronics, 1355 Shoreway Boulevard, Belmont,
California 94002

1. 2N2222A npn general-purpose transistor, 3/$1.00*

2. 2N3772 npn power transistors, $0.89 each (two required).
3. 7805 5-volt positive voltage regulator, TO-220, $0.49.*
4. 7905 5-voit negative voltage regulator, TO-220, $0.59.*
5. LM317T adjustable positive voltage regulator (alternative
to no. 3}, $0.79.*

6. LM337T adjustable negative voltage regulator {alternative
to no. 4), $0.99.

7. XR-2206 monolithic function generator chip, $3.95 each.
8. 2200 uF electrolytic capacitor, 25 working volts d¢, $1.25
each (two required).”

Radio Shack

1. Six-position rotary switch, catalog no. 275-1386 (only four
positions used), $1.19.

2. Plastic experimenter box, 7-3/4 by 4-3/8 by 2-3/8 inches,
catalog no. 270-232, $2.99.

3. Universal PC board, 3-3/8 by 2-7/8 inches, catalog no.
276-168, $1.95.

4. 100-ohm, 10-watt power resistors, catalog no. 271-135
(two required), 2/$0.89.

Miscellaneous parts such as resistors, capacitors, wire, hard-
ware, and knobs may be purchased locally.

*Indicates that these parts may also be purchased at Radio
Shack.

waveform varies from a “’fat” sine wave to a sharp tri-
angle wave, and all points in between. When the con-
trol's rotation reaches the point of apening S,, the
waveform should be a very sharp triangle. If the wave
shape changes abruptly from a sine wave to a trian-
gle, then the leads to Rg are reversed.

Switch the attenuation in and out at various ampli-
tudes with S3, and verify that the signal is attenuat-
ed to about one-tenth its normal strength. (Change
the value of Rg for the attenuation you want.)

Connect the oscilloscope to the square-wave out-
put. Vary the square-wave gain control, Rqq and make
sure the output is adjustable from 0 volts to between
60 and 70 percent of V +. The waveform should have
sharp rise times and should not go negative. My unit
produced clear, crisp waveforms until the frequency
reached well over 50 kHz, the positive-going edges be-
gan to curve, and the duty cycle widened. {Some of
this may have been capacitance in the oscilloscope
probes and cables.)

Finally, connect the oscilloscope to the frequency
counter output. You shouid see a pulse waveform,
with a fairly constant amplitude regardless of any other
control settings. If a counter is available, connect it
temporarily to the sine/triangle or square-wave out-
put and increase the gain until the counter displays
a steady count. Then check the displayed frequency
against an approximation from the pulse output meas-
ured on the oscilloscope.

This completes the alignment and testing proce-
dure. Connect the frequency counter to counter out-
put Js.

performance

The completed function generator works well for a
relatively simple homebrew device. Its output is more
than adequate for almost any type of testing or ex-
perimentation a ham is likely to do. The specifications
for my model are shown in table 3. When operating
into an 8-ohm load, the undistorted output is about
2.2 volts peak-to-peak, with the dc offset set at 0. By
moving the offset to about +4.5 volts, | was able to
get almost 6 volts peak-to-peak of undistorted sine
wave — plenty of power to make an earsplitting test
of any speaker.

The frequency stability was one of the best results.
| let the generator run overnight, connected to the fre-
guency counter. The next morning, the frequency had
changed exactly 3 Hz — and some of that could have
been drift in the counter! The waveforms are very sta-
ble, relatively clean, and can be adjusted to almost per-
fect sine or triangle waves with the waveshaping
control. Photos E, F, and G show the actual trian-

Table 3. Performance data maximum output voltage
swings (before clipping).
waveforms
{all voltages peak-to-peak, frequency =1 kHz)

loads sine triangle square
{ohms) {volts) {volts) {volts)
50k 15.0 1.0 10.2
500 13.8 10.8 10.1
50 8.4 8.4 8.9
8 2.1 2.0 5.2

gle, sine and square waveforms, respectively. Only
when the frequency approaches 75 kHz do the wave-
forms begin to show distortion that can’t be compen-
sated by waveshaping (a possible defect in the
oscilloscope probes).

suggestions for use

The function generator provides a clean, stabie
audio signal source for most Amateur-level testing
operations. Figure 4 shows a few suggestions for
sample circuit connections.

In example A, assuming the device being tested
needs a high-impedance source, simply insert a resis-
tor in series with the function generator’s output. Be-
cause the generator's output impedance is low
compared to most high-impedance circuits, the resis-
tor value can be the same as the tested circuit’s im-
pedance. This value will probably be high enough to
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Join AMSAT...Today

Amateur Radio Satellite OSCAR 10
provides:

¢ A New Worldwide DX Ham Band
open 10 hours a day.

* Rag Chew With Rare DX Stations
in an uncrowded, gentlemanly fashion.

* Popular Modes In Use:
SSB, CW, RTTY, SSTV, Packet

¢ Full Operating Privileges
open to Technician Class
licensee or higher.

Other AMSAT Membership Benefits:

Newsletter Subscription:
Dependable technical articles, satellite news,
orbital elements, product reviews, DX news,
and more.

Satellite Tracking Software
Available for most popular PCs.

QSL Bureau, AMSAT Nets, Area Coordinator
Support, Forum Talks

Construction of Future Satellites For Your
Enjoyment!

AMSAT Membership is $24 a year, $26 out-
side North America. VISA and MC accepted.

AMSAT
P.O. Box 27
Washington, DC 20044

301 589-6062
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fig. 4. Suggested circuit connections. {See text for de-
tails.) Example A shows using a series resistor to simu-
late a high-impedance signal source. Example B
demonstrates the use of a dc blocking capacitor, to
either protect the device under test from inadvertent dc
output from the function generator, or to protect the
function generator from high dc voltages present in the
device under test, such as those found in tube-type
equipment. Example C shows the use of current-limiting
resistors, to prevent excessive current sinking or sourc-
ing when the square-wave output is used for driving dig-
ital devices, as in a clock. Note that an LED can be used
to visually monitor the clock speed if it's lower than 10-15
Hz. This also requires a limiting resistor, as shown.

hide, or swamp out, the function generator’'s im-
pedance. The series resistor enables the function
generator to simulate a high-impedance signal source.

When the dc offset is zeroed, the function genera-
tor outputs only ac. However, it's always possible to
bump the dc-offset knob, inserting a dc component
into the signal. If the circuit you're testing could be
damaged by dc, use the blocking capacitor shown in
example B. Conversely, if the device to be tested has
dc voltages high enough to damage the function
generator, use the blocking capacitor to protect it. Be
sure the voltage rating of the capacitor is high enough.

Example C shows the square-wave output used with
digital devices. The main reason | designed one of the
frequency ranges to be as low as 1 Hz was so | could
use the generator as a low speed clock for digital pro-
totyping. It’s fun to connect a shift register or digital
counting circuit of some type, using LEDs to visually
monitor the outputs. With a slow speed clock, you
can actually watch the device operate. Just make sure
the output voltage doesn’t exceed the maximum vol-
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P. O. Box 1000, Morgan Hill, California 95037
(408) 779-7363 1-800-538-2140 (Outside of CA)

NEW FOR ’88!

B3038 — 2 METER AMPLIFIER
30W IN - 380W OUT!

FEATURES

® Low noise (0.5dB) Ga As FET pre-amp ¢ Only 4 power devices

provides 20 dB of clean gain e Compact power (only 13%"x5%")
e Copper/aluminum heat sink* .

for maximum heat dissipation ® Automatic internal or

external relay keying
SPECIFICATIONS

® Frequency range 144 MHz to 148 MHz ® Receive pre-amp . .. 20 dB gain
¢ RF power in ... 200 mW to 30 Watts with/0.5:eh n0|5_(9 figure
e RF power out . .. 380 Watts nom. * DL pover;.-: lé‘g:;;ls

(30 in — 380 out)

. 30 30
Modes . . . SSB, FM and CW ® Size 13%"x5%

e Weight ... 8.5 Ibs.

= m

* Copper-Embedded Aluminum Heat Sinks

Copper is 2.5 times more conductive than aluminum and ensures rapid and even heat dissipation throughout
the heat sink. By bringing heat away from the transistors, greater life can be expected. The extra margin of safety
means you don't have to worry about shut-down during long-winded FM conversations or RTTY/Packet

operation.

Mirage/KLM now features copper/aluminum heat sinks as standard on repeater amplitiers and as an option
on other power amplitiers. Beat the heat with our newest addition. Ask for improved heat sink amplitiers!



photo E, F, and G. Oscilloscope displays of the triangle, sine,
and square-wave outputs, respectively. The photos were
taken at a frequency of abour 1 kHz, with
amplitudes of about 12 volts peak-to-peak, into a 10-k load.
The variable timebase was adjusted to display several cycles
for the photos, so the horizontal scale divisions don’t cor
respond to the indicated frequency

tages required by the chips under test. For example,
more than about 5.1 volts will often damage TTLs.
To make the square-wave output positive only, Q;'s
emitter resistor is connected to ground, rather than
the negative side of the power supply. This means the
amplifier output resistance, as seen by the circuit be-
ing tested, is only about 100 ohms and problems such
as excessive current sinking or sourcing from the ex-
ternal circuit could arise. If this happens, use a series
current-limiting resistor in the output.

conclusion

For a minimum amount of time, money, and junk-
box parts, you can construct an inexpensive, versa-
tile test instrument with some of the features found
in commercial-grade units. This building-block project
uses established, proven circuitry, no exotic parts or
techniques, and can be easily assembled by anyone
with a little experience. The circuit’'s performance is
tolerant of changes in the prototyping stages, so the
builder can improvise, modify, and use materials al-
ready on hand.

Anyone who undertakes a project like this can’t help
learning more about electronics, regardless of his in-
tentions. | now find myself spending more time ex-
perimenting because | no longer waste time throwing
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together a quick and dirty signal source for testing cir-
cuits. It was well worth the effort.

I'll try to help with any problems, and am always
interested in hearing about new experimenting tech-
niques, gadgets, and gizmos. Just be sure to include
a SASE with any correspondence if you'd like a reply.

references
1. 1985 Semiconductor Reference Guide, Radio Shack (Division ol
Tandy Corporation), 1985
2. Jameco Electronics 1987, Jameco Electronics, Inc., 1987
ham radio



Radie fhaek Parts Plaee.

PROJECT PARTS ARE AS CLOSE AS YOUR NEIGHBORHOOD SHACK®

“Hotline” Service!

No Minimum Order
No Service Charge

Your Radio Shack store manager can
special-order many parts and acces-
sories nol in our catalog—tubes,
semiconductors, crystals and more

Coax/Rotor Cable

(1) -

In Demand by Hams!

(2)

——

&o} New High-Shield RG B/AU
ax. 95% shielding. Velocity factor
66%. Loss per 100 ft. at 100 MHz: 2.5
dB. Try it! #278-1323 . . Per F1. 36¢
L2) 5-Conductor Rotor Cable, 100-
t. roll. #15-120 11.95

Antenna Coax Tools and Wire

(3) Coax Cutter. Preserves impe-
dance. 278-244 ., .. . 4.95
(4) Coax Cable Stri per For most
popular-size coax. #278-240, 11.95

(5) Heavy-Dut sw Antenna Wire.
65 teel. #278-132 4.59

(5) & L e

(6) Insulators. For antenna center
and end, or for guy wires.

#278-1333 Pkg. of 2/69¢
(7) RF Connector-Sealant Tape.
Weatherproofs outdoor antenna con-
nections. #278-1645 2.49

Comfort 'Phones

Engineered
For SWL and
“Com"” Use

Copy CW with total concentration! A
featherweight headsel, efficient fer-
rite magnets and high-compliance
diaphragms let you burn the midnight
oil in luxury. With 6-ft. cord, 's" plug,
and Ya" phone plug adaptar
#20-210

Quiet Cooling

(8) 3" Brushless DC Fan, Greal for
mobile equipment and for cooling cir-
cuitry sensitive to AC fields. 7 10 13.8
VDC. #273-243 14.95
(9) 4" 120 VAC Fan. 65 CFM. UL
recognized. #273-241 16.95

(10)

(11)

(14)

go) HT Ext. Speaker Adapter.
hielded, monaural. #274-327, 1.29

L ) Right-Angle 's" Jack to a"
lug. Stereo. #274-371 .. .... 2.99

(12) Phono Jack to /4" Plug. For
taping. #274-320 .. Pkg. of 2/2.59

(15)

Adapters & Plugs

(16)

(13) Submini 332" Phone Plugs.
Black. #274-289 Pkg. of 2/1.39

(14) Shielded Phono Plugs. Easy
to solder. #274-339, Pkg. of 2/1.49

(15) va" Plug. #274-1545 1.79

(16) B-Pin Mike Plug. Fits most
transceivers. #274-025

2.19

Computer Links

(18) !ﬁy

Solder-type “D" submini, 25 position
connectors/hood

(19)

Power Parts

Grounded AC Cord.

{ZO 6-F1.
& .3.99

-type. #278-1257 .

Chargeable Light

Aummancallé
lights when A
fails. Doubles as

. cordless lantern.
S Wﬂh wall bracket

and UL listed
charge

#B1- 2740 .19.95

16-Piece Tool Set

Includes popular
sizes in Phillips
and flat-blade

Novice Exam Kit

No need to go whole-hog on the
books to become a Ham! This course

(17) Male. ¥276-1547 1.99 21“ 100 puH RF Choke.
4 screwdrivers, quickly and painlessly prepares you
(18) Female. #276-1546 .. ... 2.99 | #273-102 99¢ | 1 ex keys, nul- for the new Voice Class FCC exam.
(19) Shielded Hood. Preserves | (22) Varistor. 4276568 1.99 | drivers and a With two cassettes of Morse code
EMI/RF| protection when used with | (23) 3-Wire, AC-Outlet Tester. torque bar. plus practice exam questions and an-
shielded cable. #276-1536 . 1.99 | #22-101 . .5.95 | #64-1961 8.95 swers, #62-2402 19.95
Tlme!weather SCIeI‘ItI'FIC Calc | Transistor Tester | Noise-Canceling
RadIO Works In Mlke -
F"::'gﬁ‘s* Or Out of
9 Circuit
Support for With
@5 Convenient Preamp
ngﬂﬂmg Viewing 1 495

Receive the time, to the nanosecond,
from WWV National Bureau of Stan-
dards on 5, 10 or 15 MHz. Or get fore-
casts from your local weather station
on 162.4, 162.475 or 162.55 MHz.
Crystal controlled! #12-148 39.95

aaad
@R

2795
anasT

Loaded with advanced features! This
68-function mathematician handles
complex numbers and accepts 15
levels of parentheses. Makes tickel-
upgrade math a snap. Auto-shutoff
conserves batteries. #65-989

Tests PNPs, NPNs, silicon and ger-
manium types. Makes fast go/no-go
tests of small-signal and power tran-
sistors, and matches similar transis-
tors. Front-panel pin socket. Leads
for in-circuit tests. #22-025

26"

Picks up only the voice spoken into
the microphone, cuts background
noise, Assures 100% modulation to
deliver maximum signal “punch.”
Battery extra. Without battery, oper-
ates as dynamic mike. #21-1175

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Wire, Zeners, More!

Prices apply al participating Radio Shack stores and dealers
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The HF4B ‘‘Butterfly’' ™
A Compact Beam
for 20-15-12-10 Meters

sUUnique design reduces size
but not perlormance
=No lossy traps; full
element radiates on
all bands
«Hetroht kit tor
17 melers com
ing soon
eTurns with TV
rotor
«Only 17 Ibs

For more informalion see your
dealer or wrile lor a free brochure

Butternut
Verticals

Butternut' s HF
verlicals use
mighest-Q tuning
circuinls (not lossy
traps') to outperform
all multband designs

of comparable size!

Model HF6V
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THE 1988
ARRL
HANDBOOK

FOR THE RADIO AMATEUR

NEW
EDITION

The 1988 ARRL Handbook For
The Radio Amateur carries on the
tradition of the previous editions
by presenting 1200 pages of com-
prehensive information for the
radio amateur, engineer, tech-
nician and student. Clothbound
only. $21inthe U.S., $23in Canada
and elsewhere,
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Improving an
already fine
transceiver

more operational notes

on the TS-930S

| was gratified to hear from users of the Kenwood
TS-930S who read my earlier article’ that many oper-
ators are interested in improving their SSB transmitted
spectral purity, that is, the reduction of Intermodula-
tion Distortion (IMD)*. As a result, | began investigat-
ing the radio’s characteristics under varying conditions
and came up with several modifications.

SSB linearity

The TS-930S obeys the same principles for linearity
(reduced output power and biasing for the most linear
region of the devices involved) as other high fidelity,
linear systems. Kenwood’s Factory Service Bulletin
number 867 dated March 29, 1983 notes that the quies-
cent collector current Icq of both the drivers and
output transistors, MRF-485s and MRF-422s, was in-
creased from 75 mA and 0.5A to 856 mA and 1.0A,
respectively. This change made an immediate, audible
improvement in the SSB speech quality because the
devices were moved closer to their Class A and Class
AB1 regions. Biasing the MRF-422s still closer to their
Class AB1 region affords even more improvement,
most noticeable in the higher order products because
bi-polar devices generate more of these products than
thermionic devices. Therefore it is necessary to raise
the Icq of the MRF-422s in the power amplifier to a
value greater than 1.0A and measure the results with
a two-tone generator and spectrum analyzer. By
adjusting the bias level potentiometer, VR1, located
in the rf shield compartment. The increased device dis-
sipation is easily handled in both the TS-930S and
TS-940S because these transistors are operating well
below their thermal power dissipation limits. The
adjustment is read on the radio’s multimeter, and data
resulting from changes in the operating parameters is
provided in table 1. Note that the I of the MRF-485
drivers was not changed; they are already operating
well into their most linear region (Class A}. Motorola’s
maximum and typical 3rd order IMs are —36 and —41

dB for the MRF485 and --36 and —39 dB for the
MRF422, respectively. Data was taken at 150 watts
PEP per device at 30 MHz with an I¢q of only 150 mA!
Frequency, device matching, and impedance match-
ing affect the results. The T75-930S measurements are
intended as guidelines for the reader to improve his
transmitter’s linearity.

For some contest operators, it is remotely possible
that under extreme temperature and humidity condi-
tions a small, quiet, external Whisper™ fan could be
used to simultaneously cool the rf and power supply
heat sinks. It is also easy to return the power ampli-
fier quiescent collector current to 1.0A for those per-
iods. The test measurement setup is shown in fig. 1.
All the elements are self-explanatory with the excep-
tion of the TS-144/U, a two-tone rf generatar whaose
products are specified to be at least 66 dB down and
whose function here is to calibrate and verify the per-
formance of the TS-1379/U. It was designed as a com-
plementary piece of test equipment to the analyzer.
In my application in class AB1, the drive requirement
is a modest 30 watts PEP. Those using the popular
8877 in Class AB2 should be able to closely duplicate
this performance. It should be noted that the TS-930S
will easily meet its TX IMD 3rd order performance
specifications of less than - 31 dB.

A point worth remembering is that quality transis-
tors and tubes, like thase supplied by Motorola and
Eimac, are specified as exhibiting odd-order {MD
products being down so many dB from desired (two)
equal tone output signals. This is in accordance with
a military standard specification number 13118-2204B.

‘IMD is best defined as “the measured distortion of a knear amplifier as expressed
powver in decibels below the amphfier's pesk power or below that of one of two tones
emgloyed to produce the complex test signal.™™”

By Marv Gonsior, W6FR, 418 Adobe Place,
Fullerton, California 92635
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KENWOOD
7$-930s8

56-3764/U
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fig. 1. 50-ohm IMD test set up.

Table 1. TS-930S TX IMD data: I versus Pg
Serial Number: 4,010,265

Frequency: 14,175 kHz

Tones: 800 and 1700 Hz

Processor: Off, except as noted.

ALC: Mid-Red Scale (1)

Power Meter: Bird 43

@ | &
leq 1.0A 1.75A 2.5A 1.0A (2.5A
P.E.P. Watts
Output 100 | 50 [ 100 | 50 | 100 | 50 | 100 | 25
Distortion
Product (2)
3 36|33| 35(38| 34|39} 20|46
5 39 (42| 40|44 | 40147 | 29|48
7 43 |47 | 44 (49 | 45|55 | 41|58
9 47 |63 | 54 (60 | 54 |58 | 43|59
1 52 | 66 | 57 [(3) | 58 |(3)| 45| 60
13 53 |57 | 59}1(3)| 60} (3)] 48| (3}

Notes:

1. ALC indicated only at the 100-watt level.

2. All distortion product levels are expressed in - dB and refer-
enced to the PEP (see text).

3. Indicates greater than 60 dB.

4. 6 dB average processing and ALC as in (1) above, customary
operation by many users,

5. The ultimate finearity employing 0 ALC and compression,
with optimum power level.
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Amateur radio equipment and many commercial equip-
ment suppliers have chosen a less conservative JEIA/
EIA standard which makes the same test, but refer-
ences the PEP, providing a -6 dB paper improvement
in the numbers. Because many Amateurs are ac-
customed to the latter method, it is used here. There-
fore, the tests are the same but the numbers are
different. Collins, to my knowledge, specified the IMD
in all SSB equipment (both exciters and amplifiers) by
the military method of referencing one tone of a pair.
A discussion on this subject written by Granberg?
makes informative reading. Rusgrove's article® on the
subject of spectrum analysis is also recommended
reading for the serious operator.

don’t overlook the amplifier linearity
response

We tend to think in terms of exciter IMD perfor-
mance specifications while missing the fact that it is
the overall system which governs final signal quality.
In other words, the final amplifier must be more linear
to preclude degradation of the driving signal. Good
engineering practice dictates that the final amplifier
should be 10 dB better than the exciter alone. it is
generally accepted that a 3 dB better differential
(amplifier with respect to exciter) will result in a 3 dB
degradation of the exciter’s performance. Therefore,
great care must be exercised in the selection and oper-
ation of the final amplifier for optimum linearity in a
system. Orr published an article on IMD in linear
amplifiers with a wealth of information on vacuum
tube applications.®
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CORPORATION

9 Autry
Iirvine, CA 92718
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ASTRON POWER SUPPLIES

* HEAVY DUTY = HIGH QUALITY » RUGGED « RELIABLE
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
excepl RS-3A, RS-4A, AS-5A.

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 US.A.

PERFORMANCE SPECIFICATIONS

« INPUT VOLTAGE: 105-125 VAC

* QUTPUT VOLTAGE: 13.8 VDC * 0.05 volts
(Imernally Adjustable: 11-15 VOC)

* RIPPLE Less than 5mv peak to peak (full load &
low ling)

» Also available with 220 VAC input voltage

MODEL RS-50A

—
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MODEL RS-50M

MODEL VS-50M

RM SERIES 19” x 5% RACK MOUNT POWER SUPPLIES
Continuous ICs* Size (IN) Shipping
MODEL Duly (Amps) (Amps] HxWxD Wi (Ibs.)
RM-12A 9 12 5% x 19 x B% 16
RM-35A 25 a5 5% x 19 x 12% 38
AM-50A 37 50 5% x 19 x 12% 50
= Separate Volt and Amp Meters
RM-12M 9 12 5% x 19 x B% 16
AM-35M 25 kL) 6% x 19 x 12% 38
MODEL RM-35M RM-50M a7 50 5% x 19 x 12% 50
i Continuous ICs* Size (IN) Shipping
Hs n SEHIES MODEL Duly (Amps] |Amps| HxWxD Wi (Ibs.)
RS-3A 25 3 3 x 4% x 5% 4
RS-4A 3 4 U x6x9 5
RS-5A 4 5 3% x 6% x 7% 7
RS-TA 5 7 3% x6%hx9 9
RS-7B 5 7 4% T x 10% 10
RS-10A 75 10 4 x T x 10% 11
RS-12A 9 12 4 x8x9 13
RS-128B 9 12 4% T x % 13
RS-20A 16 20 5% 9 x10% 18
RS-35A 25 35 Ex 11x 1 27
MODEL RS-7A RS-50A 37 50 6 x 13% x 11 46
HS"M SEHIES Continwous IC8" Size [IN) Shipping
MODEL Duty (Amps) [Amps) HxWxD Wt (Ibs.)
R L = Switchable volt and Amp meter
RS-12M 9 12 4y xBx9 13
« Separate volt and Amp meters
AS-20M 16 20 5% 9 x 10% 18
AS-35M 25 35 5 11 x 11 27
RS-50M ar 50 6x13% x 1 46

MODEL RS-35M

VS-M AND VRM-M SERIES

Separate Volt and Amp Meters = Output Voltage adjustable from 2-15 volts = Current limit adjustable from 1 5 amps

to Full Load
o - Conlinuous IC§8* Size [IN) Shipping
-+ MODEL Duty (Amps) [Amps) HxWxD Wi (lbs.)
@13.8VDC @10VDC @5VDC @13.8v

VS-12M 9 5 A 12 4 xBx9 13

VS-20M 16 9 4 20 5x 9 x 10% 20

VS-35M 25 15 7 35 5% 11 x 1 29

VS-50M 37 22 10 50 6x 13% x 1 46

» Variable rack mount power supplies
VRAM-35M 25 15 T 35 5% x 19 x 12 38
MODEL VS-35M VRM-50M 37 22 10 50 5% x 19 x 12% 50
RS-S SERIES « Built in speaker

= Continuous Ics* Size [IN) Shipping
MODEL Duty (Amps) Amps HxWxD Wi, [Tbs.]

RS-7S 5 7 4 %X 7% % 10% 10

RS-105 7.5 10 4 % T'% x 10% 12

RS-12S ] 12 4% xBx9 13

E RS-205 16 20 5x 9 x 10% 18

MODEL RS-125

IS —Intermittent Communication Service (50% Duty Cycle 5min. on 5 min. off)




On this subject, a few caveats are in order. Don’t
load a linear under single-tone conditions, as optimum
power output and linearity will be found only under
a complex waveform such as a voice and a two-tone
will be only an approximation. Do operate the filament
of thoriated tungsten tubes at slightly under the man-
ufacturer’s specified voltage for longest tube life and
greatest linearity using step start. Measure the filament
voltage at the tube socket under load with an accurate
voltmeter. It follows that tubes which are being oper-
ated under manufacturer’s specified parameters will
generally last longer and be cleaner than those that
are not. There is a strong case for rf negative feed-
back, though as always, there is a price (which in this
case may be in terms of dollars and additional drive
required).

rx single signal reception

Many of us have found that the alignment of the
SSB carrier oscillators in the TS-930S and the TS-940S
seems slightly high on the slope of the sideband filter.
So, when tuning through zero beat of a CW carrier
in the sideband mode, the unwanted opposite side-
band will be audible. Test for this by enabling the
100-kHz marker signal, tune all the way through it in
either the USB or LSB mode, and listen for any carrier
on the unwanted side. The remedy (which improves
SSB selectivity) is to move the carrier oscillator(s) a
little bit further down the slope of the filter while listen-
ing until the unwanted sideband disappears. Adjust-
ment(s) for this are TC4 (USB) and TC5 {LSB) located
on the Signal Board. {See the service manual for
further details and parts locations.) In my radio the two
optimum frequencies are 8831.631 and 8828.390 res-
pectively with the slope tuning wide open, as meas-
ured on pin 2 of connector 24 using an HP5381A
counter. Periodic re-nulling of the balanced modula-
tor is recommended, especially after any carrier oscil-
lator adjustment.

receiver reciprocal mixing

This well-known phenomenon is common to all
receivers incorporating PLL frequency synthesis; the
subject has been covered comprehensively by Rohde.®
Kenwood and others have made improvements in this
area for the TS-940S with additional filtering in the PLL
circuit. A constructive improvement for the TS-930S
was provided by W4CG, and as a result of his work
the author simplified that filter into a simple low-pass.
It consists of one disc capacitor providing the desired
high frequency roll-off and resulting in a 6 dB improve-
ment in the self-generated receiver noise, under con-
ditions stemming from very high level received signals.
The filter installation circuit is shown in fig. 2. and the
test procedure in table 2. As in all circuit designs,
remember that the buildup of component tolerances
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Table 2. Reciprocal mixing filter test procedure and
installation.

* Enable the 100-kHz marker (14.200 MHz).

* Inject a signal at 14.175 MHz (using any available “‘clean”’
generator) and increase its output until the 14.2-MHz marker
level at the audio output decreases by 3 dB.

® Turn off the marker generator and notice that reciprocal mix-
ing noise is audible at that frequency and beyond.

® Plug in capacitor C1 and a 6 dB reduction in this noise should
occur. {The amount of attenuation is measured at the head-
phone terminal of the receiver using a Triplett mode! 630A
meter operating in the output, dB scale.) This procedure simu-
lates a strong, close-in signal which is capable of causing the
receiver to generate the reciprocal mixing noise. The filter,
unfortunately, has no measureable effect on the transmitted

signal.

e}

ngw

fig. 2. Filter installation reduces receiver non-reciprocal
mixing and loop bandwidth.

and alignment will be different in each radio. In my
TS-930S the installation was effective using a meas-
ured 0.022 disc capacitor. Because this type of capa-
citor generally has wide manufacturing tolerances in
addition to those inherently in the radio, the capa-
citor should be measured accurately before installation.

The following test will indicate if the capacitor is
correct. With the mod in place, put the transmitter in
the QSK mode with a 100-kHz split and keyed at about
45 w.p.m. If the capacitor is too large, a noticeable
delay will be found in the PLL seeking to first acquire
the alternate frequency, or a slight chirp will be notic-
ed on the leading edge of the CW signal indicating that
the loop time is marginally slow. if this is the case,
reduce the value of C1 accordingly. A primary con-
cern, with respect to loop filters like this, is that the
loop’s acquisition time will always degrade with any
filtering, and consequently the exact value is a trade-



off. In one extreme, the loop time will be so slow that
it will fail to function. On-the-air testing of this filter
has demonstrated that it will be successful only to the
extent that the large signal which generates this type
of noise is free of noise sidebands; otherwise, it will
be in your passband and nothing will cure it. However,
the results of this mod under clean signal conditions
have been verified in four other radios.

automatic antenna tuner

As users of this versatile option have learned, it is
a valuable investment from the standpoint of resale
and performance because it provides a very effective
match from the transmitter to the outside quite
essential in broadband solid-state equipment. The
other benefits in using this unit may not be recognized.
Second harmonic suppression is increased by a meas-
ured 6 dB in my case when it is operating in the “T"
match mode occurring from 3 to 14 MHz. Above that,
it operates in the “""Pi"" configuration which should
yvield additional attenuation. It prevents automatic
shutdown due to a high VSWR, which not only re-
duces the power output but increases the distortion
products since the power amplifier is no longer oper-
ating in its most linear mode. The tuner will not pro-
vide the desireable "‘flywheel’" effect for a Class B GG
amplifier since the exciter is generally too electrically
remote from the cathode circuit.

tx audio ac modulation

There are two recognized sources of minor ac
modulation of the audio in the TS-930S SSB trans-
mit mode. Both are sometimes elusive but curable.
The first is simple magnetic coupling between the
dynamic microphone element and the power trans-
former. To see if this is a problem, move the micro-
phone around the radio (especially on the left side near
the power transformer) and listen to the monitor for
the results. To minimize the problem, relocate the
microphone and use the lowest impedance possible;
to eliminate it, change to a nonmagnetic element. The
second problem was more elusive and difficult to
isolate; WBUYW tracked it down after we spent many
hours of searching. It too is audible in the monitor,
especially with the microphone disconnected, and
must be fixed from the inside. Its source (in serial
numbers in the 3.1 to 4.0M range) is a small green rf
choke called L3 on page 40 of the Owner’s Manual.
Itis 150 uH in value installed by Kenwood to eliminate
some rf feedback problems being experienced at low
frequencies. Unfortunately, this choke is a solenoid
type and susceptible to inductive coupling from adja-
cent cabling. The amount of modulation varies in each
unit, depending on its orientation. By reorienting the
choke, the modulation can be reduced but not elim
inated. For a complete cure, place a drop of solder

short it out, or replace it with a ferrite toroidal core
or a bead. Find L3 by removing the bottom cover and
locating a small pc board directly behind the micro-
phone connector. This choke is not shown on all
schematic diagrams. In some cases it is orange of
black in color and presents no problem, as it is appar
ently a closed core, self-shielded design. (The usual
warranty caveat applies.)

| hope this information will be useful to operators
who wish to improve their transmitted SSB audio
quality, and that some of the fixes described will lead
to better performance from this fine equipment.

acknowledgments

| wish to thank W4CG, K5CX, WeUYW, and
WOIAK for their contributions.
references

1. Marv Gonsior, WEBFR, ~"Simple Moditicatons aod Adpustments Tor thi
TS-89305." ham radio, April 1987, poages 19 22

) Helge Granbery, KZES, “"Measunng the Intermodulation Distortion of
Linear Amplifiees,” Motorola BF Data Manual, second ediion, 1981, pages
3-42/44

3 Jay B. Rusgrove, WIVD, "Spectrum Analysis - One Picture's Worth a
OS5T. August 1979, pages 1521

4. Wilham | Ore. WESAIL, Intermodulation Distartion in Linear Amplifiers
QST, Septomber 1963

5. Dr. Uinch L Rohde, DJZLR, "'Dugital PLL Frequency Syntheseers Theory

and Design,” Prentice Hall, Inc , 1983

ham radio

NEW FROM GLB

GLB NETLINK 220
HIGH-SPEED DATA TRANSCEIVER

See us al Amateur net § 60995
DAYTON List price $ 79995
Booth 318 . .

GLB ELECTRONICS, INC. i

» 116

April 1988 27




DX is getting better
and better! Here’'s why!

DX is better this year than last, and
even that was pretty good. Why this
sudden improvement in conditions?
Some say it's because the sunspot
count is rising. Nonsense! What does
the sun have to do with DX, anyway?
A lot of DX comes through at night
when the sun is sleeping. A study of
events in the DX world provides sever-
al simple answers to this question.

First of all, the earth is shrinking.
Remember Columbus? He took nearly
a month to reach the New World. The
Blue Ribbon liners crossed the Atlan-
tic in a little over three days in the late
“thirties”’. Now, you can cross the
Atlantic in a little over three hours in
supersonic transport! Have you ever
wondered why gas mileage is getting
better and better? Cars travel iess dis-
tance to get to the same places, that's
why. It's obvious that the earth is get-
ting smaller every day.

Second, the ionosphere is leaving.
Since radio waves pass through the
ionasphere, there must be a lot of fric-
tion up there to slow things down.
Scientists recently discovered a hole in
the ionosphere over the Antarctic —
it's leaking into space! Once it's all
gone, DX conditions will be fantastic!

Third, Chicken Little said, “The sky
is falling!” Obviously if the sky is fall-
ing, what's left of the ionosphere is
closer to the earth. That makes for
less friction and it's easier for radio
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waves to bounce around between DX
stations.

Finally, packaging experts have
done their job. While the shipping car-
ton the radio comes in gets bigger and
bulkier, the radio inside has shrunk.
Just like potato chips. The bag is big-
ger, but there are fewer chips in the
bag. The same thing can be said for
candy bars and radio equipment. To-
day’s radios are so smali that the elec-
trons can zip around in less time! Thus
an S9 signal (all signals are S9 to be-
gin with) is still S9 by the time it wends
its way through all those ICs and finally
reaches your eardrums!

So that’s the way it is. And | don’t
want to hear any more foolishness
from George Jacobs, W3ASK, natter-
ing about sunspots and the iono-
sphere. You now have the straight
information, and don’t forget who
told you!

good news for “low-fers”

What's a good antenna for 80 and
160 meter DX? How about a guarter-
wave vertical, working against a buried
counterpoise consisting of 120 radial
wires, each a quarter wave long? A lot
of low-fer DXers use an antenna of this
type with good results. But laying sev-
eral thousand feet of buried radial
wires has discouraged a lot of hams
who dream of owning an effective
low-band vertical antenna.

Broadcasters, too, have had second
thoughts about this type of antenna,
a standard broadcast installation since

HAM RADIO
'TECHNIQUES

Bill Orr, W6SAI

the mid-twenties. It represented a lot
of money literally placed in the ground!

Experiments conducted by Arch
Doty, Jr., K8FCU; John Frey,
W3ESU; and Harry Mills, K4HU, and
described in the 1983 bulletin of the
Radio Club of America showed that
the traditional ground radial system
(composed of a number of buried or
surface wires) could be equaled or bet-
tered by the use of an elevated ground
screen about 6 feet above ground. The
screen has 50 or more radials connect-
ed at their tips to form a spoked wheel
about 0.4 wavelength in diameter. This
could be an effective substitute for the
buried radials, but it is difficult to in-
stall and quite expensive.

The next step in this ongoing inves-
tigation took place at the recent broad-
cast symposium of the Institute of
Electrical and Electronic Engineers
(IEEE). An evaluation of the perform-
ance of four elevated radial elements
compared with 120 buried ones was
presented by investigators from Ohio
State University, Cap Cities ABC,
Lawrence Livermore Labs, and the
Naval Postgraduate Shool.

The report concluded that as few as
four radials above the ground would
provide superior performance over 120
buried radials and that power gain at
low angles would be enhanced.

The experiment was conducted at 1
MHz with an antenna height and radial
length of one quarter wavelength.
Tests showed that skywave radiation
was attenuated and power gain at low



angles was enhanced. The same pro-
cedure was employed at 3 MHz with
“very similar results”.

The test model antenna had radials
elevated 50 inches above ground, and
increasing radial length did not ap-
preciably improve performance. Im-
provement when going from 4 to 120
radials “was not worth the effort of
installing”."

The studies generally concluded that
performance improvement was good
for radiation angles of up to about 20
degrees, but above that the buried
radials began to have better power
gain. Since most 80 and 160 meter DX
operation seems to be at angles of 20
degrees or lower, the above-ground
radial installation seems to offer a dis-
tinct advantage for the low-fer DXers.

an inexpensive console for
crowded quarters

Operating from a small apartment,
motor home, or condominium has its
problems. One of the most pressing
ones is where to put the ham station!
Operating a ham rig from a folding
card table isn't much fun.

| recently received a catalog from a
large mail-order house, and while
browsing through it noticed several
“Microwave Oven Carts’’. These were
sturdily constructed, oak-finished carts
with a top shelf for the microwave and
a shelf underneath for utensils and
dishes. Below that was a drawer atop
a storage area behind double doors.
The carts have casters for easy move-
ment and models are available with dif-
ferent shelf configurations.

The smallest one, called a “Utility
Cart”, has two shelves and a storage
space, while larger carts have more
shelves. They look nice enough to be
considered furniture and all are mod-
estly priced. You could place a trans-
ceiver on the lowest shelf and a linear
amplifier on top of the cart where the
microwave would go. Or perhaps you
might put several VHF rigs on the low-
er shelf and an antenna rotor and SWR
meter on the top. A hundred ideas
flashed through my mind as | looked
at the carts.

Interested? Most large mail order

fig. 1. Short length of PVC plastic pipe
is cut to fit over bamboo pole. Tubing is
held in place with wire tie-wraps.

iGm 20m
= pre— -

— =
QUAD ARM (TYP] 15m

fig. 2. Wire supports shown in fig. 1 are
staggered on Quad arm to distribute wire
stress

stores supply these. The ones | saw are
from BEST Products Corporation.

quad antenna construction

Now that 10 meters is coming back
to life, there is renewed interest in the
Quad antenna. You hear a lot of them
on the band these days.

It's not hard to build a Quad, but it
is difficult to construct one that will
stay up in bad weather. They are flop-
py affairs at best, and you must put a
lot of thought into the physical ar-
rangement of the antenna if you don't
want it to come crashing down in the
next storm.

Lloyd Hanson, W9YCB, has some
interesting ideas on Quad construc-
tion, He says the best Quad arms are
made of "Calcutta bamboo’ with PVC
heat-shrink tubing slid over the bam-
boo between the joints. The end of the
arm is also sealed with a short piece
of heat shrink. An acceptable alterna-
tive for the Quad arm is a fiberglass
drapery pole. Lloyd has found a lot of
these at garage sales.

The poles should not be drilled for
the Quad wires after they've been pro-
tected with heat-shrink tubing. In-
stead, cut a piece of PVC lengthwise
to fit the pole. Cut a slot in the tubing
to hold the wire and glue it to the Quad
arm with PVC cement. Two wire tie-

10 METER

DX IS HOT!

AND YOU CAN WORK IT WITH
THE NEW RANGER AR 3500

* Convenient, easy-to-use front
panel controls
® All Mode operation
® Switchable noise blanker—highly
effective on ignition noises
® 100 Hz per step
® Programmable band scanning
® Five selectable memory channels
e Split frequency operation
® Easy-lo-read LED frequency display
® Available in outputs of 30 & 100 walls
® Microphone and power cord supplied

RECEIVER

Frequency Range: 28.0000-29 9999 MHz
Circull Type: Superhel, dual conversion
Clarfier Range. +500 Hz
Sensitivity SSB & CW better than 0.3 pV for

10 dB S+ N'N. FM better than 0.5 uV
Selectvity -6dB -60d8

SSB,CW 26KHz 47 KHz

AM FM  G0KHz 18 KHz

TRANSMITTER
Frequency Range: 28.0000-29.9999 MHz
Power Oulput 30 watt Model SSB—25 Watls
AM FM—B8 walts, CW—30 Watts
Input 125 VDC. 6A Max
Power Qutput: 100 watt Model SSB— 100 Watts
AM 'FM—30 Watts, CW—150 Watis
Input 125 VDC, 25A Max

WARRANTY
Limited one year warranty by Clear
Channel Corporation of Issaquah, WA

AR35000-30W (Reg. 359 .. .Call Us
AR3500-100W (Reg 449) .. .Call Us
Scan Mic & Mod installed . . $45.00
SP-1 Speech Processor 33.00
CW Bd. Auto break-in 3995
3 Element Beamn 26-30 MHz ...B950
Penetrator Mobile Ant ...44.95
RS-7A Pwr Sup for 30W....... 4995
RS-35A Pwr Sup for 100W 134 95

s pAYTON
poOTH 360

Quantity Pricing Available  Foreign Orders Accepled
Orders received by 1 PM PST shipped UPS same day.
COD 'VISA MC Next day UPS delivery available
ORDER DESK ONLY — NO TECHNICAL

(800) 854-1927
‘ ORDER LINE and/'or TECH HELP ‘
(619) 744-0728

FAX (619) 744-1943

RF PARTS

COMPANY

1320 Grand San Marcos
California 92069
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TINY-2 PACKET CONTROLLER $119.95
READY TO USE - NOT A KIT

USES TNC-2 EPROMS INCLUDING NET/ROM. FIRMWARE VERSION 1.1.5 PROVIDED
32K RAM AND 32K EPROM STANDARD

SUPPORTS BOTH RS-232 AND TTL COMPUTERS, 300-19,200 BAUDS

EXTRUDED ALUMINUM CABINET WITH OVEN-BAKED WRINKLE FINISH. ONLY 5" x 7
WATCHDOG TIMER, MODEM DISCONNECT HEADER, 12V DC OPERATION.

* % % * =

SEE YOU AT DAYTON — BOOTHS 277 and 278 -

&

PACKET TERMINAL PROGRAMS

L)
THE BEST VALUE IN A VHF/HF TNC ‘Q

S DIGIPACK Il (PC). ... $49.95
PAC-COMM TNC-220  $149.95 MAGKET A " S35
COMMODORE 64 ..............ccooo0nn $19.95

WITH TUNING INDICATOR $179.95
NOW WITH 32K RAM STANDARD, FIRMWARE VERSION 1.1.5

TNC-200, TNC-220 VERSION 1.1.5 EPROMS

IN KIT FORM -- $129.95

SELECT EITHER HF OR VHF RADIOS FROM THE KEYBOARD.
SUPPORTS RS-232 AND TTL COMPUTERS

INTERNAL TUNING INDICATOR -- $44.95

$10.00

12v WALL MOUNT POWER SUPPLY $9.85

RS-232 CABLE $9.95, C-84 CABLE $12.95

ACCESSORIES:

TOLL FREE

WRITE OR CALL FOR OUR NEW CATALOG OF PACKET EQUIPMENT, SOFTWARE AND ACCESSORIES.

2
—

TECHNICAL INFORMATION
730 AM - 11 PM EASTERN

(ORDERS ONLY)
800-223-3511

(Pac:Comm. 3652 West Cypress St., Tampa, FL 33607)

(813) 874-2980

EXCEPT FLORIDA

FLORIDA ADDRESSES ADD 5%

$3.00 SHIPPING/HANDLING PER ORDER

TELEX: 850-288-1526 MCI
FAX: (813) 872-8696
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NET-KALL NK-1
DTMF ALERT DECODER

e

.

« Momentary or latched output

« Multiple Group-Call response

« High stability xtal controlled S51-202

« Ideal for an economical alert system
(7] NK-1K {kl” '3495

—— NK-1W (Wired/Tested) %44.95
|=! Add §2 00 Shepping! Handhog m U 5 A
MoTron Electronics  can 1oir Free
695 W 21st Ave ].8["]-333-9058
Eugene, OR 97405 or (503) 687-2118
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KENNEDY ASSOCIATES

Stocking all major lines. San Antonio’s
Ham Store. Great Prices—Great Service
Factory authorized sales and service
Hours: M-F 10-6; SAT 9-3

KENWOOD
YAESU ¢/
€3 1com

Amateur Radio Division
5707A Mobud
San Antonio, TX 78238

Telephone: 512-680-6110 *~ '°

mmn
VISA
E

SYNTHESIZED
SIGNAL GENERATOR
MODEL
SG-100F

$429.95
delivered

MADE IN
USA

* Covers 100 MHz to 199.999 MHz in
1 kHz steps with thumbwheel dial =
Accuracy +/— 1 part per 10 million at all
frequencies = Internal FM adjustable from
0to 100 kHz at a 1 kHz rate = External FM
input accepts tones or voice ® Spurs and
noise at least 60 dB below carrier » Qut-
put adjustable from 5-500 mV at 50 Ohms
e Operates on 12 Vdc @ 2 Amp »
Available for immediate delivery = $429.95
delivered » Add-on accessories available
to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator
« Call or write for details « Phone in your
order for fast COD shipment

1
VANGUARD LABS '
196-23 Jamaica Ave., Hollis, NY 11423
Phone: (718) 468-2720 Mon. thru Thu.
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fig. 3. The Austin-Fourie wideband an-

tenna covers 3.30 MHz with SWR less
than 2.5-to-1.

wraps will hold it securely after the
glue has dried (fig. 1).

Lloyd staggers the Quad wire sup-
ports on each side of the arm to dis-
tribute the stress more equally (fig. 2).
He uses two smaller booms, spaced
about one foot apart as supports be-
cause a single boom for a four element
Quad will not stand the gaff in bad
weather.

a wideband “dipole”
antenna

Bill Wildenhein, W8YFB, called my
attention to an interesting antenna de-
veloped by Dr. Brian Austin and Andre
Fourie of the University of Liverpool

A better way to design
and analyze Long wires,
Vee’s, and Rhombics.

e

e AT
LONG WIRE PRO

Easy to use, menu driven, select wire length,
height, frequency, ground type, and get o color
coded sinusoidal projection of your HF antenna.

For the IBM PC and compatibles,
DOS 2.0 or higher, 256K, color required

Price $35.00

EPSILON CO
Box 715, Trumbull CT, 06611, (203) 261 7694
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and described in the September, 1987
issue of Electronics and Wireless
World published in England. The de-
sign functions from 3 to 30 MHz with
an SWR of 2.5:1 or less over that
range (fig. 3).

The antenna consists of two coil-
loaded dipoles fed in parallel. A 32-uH
loading coil is placed in each dipole
half, as shown in the illustration.
The angle between the dipoles is not
specified.

The feedpoint impedance is about
500 ohms, so the antenna could be fed
with a 50-ohm line and a 10:1 balun.

It would be interesting to try this
unique antenna in an inverted-V ar-
rangement and run an SWR curve
across the operating range. Any
takers?

antennas for the
24.9-MHz band

Need a quick design for a beam an-
tenna for this band? Simply take an ap-
plicable 6-meter beam (50 MHz) and
multiply all important dimensions by 2!

references
1. Radw World, a publication of Industry Markeung Ad
visory Services, Inc., 5827 Columbsa Pike, Suite 310,
Falls Church, Virginia 22041, October 15, 1987
ham radio
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A very special
guide to what
the exciting world
of computer and
electronics kit-

building can
do for you.

The informative Heathkit Catalog shows
you more than 450 exciting electronic prod-
ucts that will challenge, instruct, and enter-
tain you. You'll find countless kits that you
can build and enjoy, from computers and
robots to color

tv's and a variety of
home products.
And each is backed
by our years of
experience and
our promise,
“We won't let

you fail” \/qh :
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Compatible Expandable
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P.C. ELECTRONICS 2522 S. PAXSON LN.

ELECTRONICS

SPRING INTO

TOM WEORG  MARYANN WB6YSS

SEE US AT DAYTON

ARCADIA CA 91006 (818) 447-4565
Compuserve 72405,1207

-2
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TRANCEIVER
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POWER
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REC

AMATEUR
TELEVISION

ATV SALE

NOW YOU CAN GET INTO THIS EXCITING MODE WITH OUR ALL IN ONE BOX TC70-1 70CM ATV
TRANSCEIVER AT THE 1988 SPRING SALE REDUCED PRICE FROM $299 TO ONLY $269 DELIVERED

TC70-1 FEATURES:

* Sensitive UHF GaAsfet tuneable downconverter for receiving
* Two frequency 1 watt p.e.p. transmitter. 1 crystal included

* Crystal locked 4.5 mHz broadcast standard sound subcarrier
* 10 pin VHS color camera and RCA phono jack videa inputs

* PTL (push to look) T/R switching

* Transmit video monitor outputs to camera and phono jack

* Small attractive shielded cabinet-7x 7 x 2.5"

* Requires 13.8vdc @ 500 ma. + color camera current

Just plug in your camera or VCR composite video and audio, 70cm
antenna, 12 to 14 vdc, and you are ready to transmit live action
color or black and white pictures and sound to other amateurs.
Sensitive downconverter tunes whole 420-450 mHz band down to
channel 3. Specify 439.25, 434.0, or 426.25 mHz transmit
frequency. Extra transmit crystal add $15.

'Transmilting equipment sold enly to licensed radio amateurs verified in the
Callbook for legal purposes. If newly licensed or upgraded, send copy of
license. Receiving downconverters available to all starting at $35 (TVC-2).

WHAT ELSE DOES IT TAKE TO GET ON ATV?

Any Tech class or higher amateur can get on ATV. If you have a
camera you used with a VCR or SSTV & a TV set, your cost will just
be the TC70 and antenna system. If you are working the AMSAT
satellites you can use the same 70cm antennas on ATV,

DX with TC70-1s and KLM 440-27 antennas line of sight and
snow free is about 22 miles, 7 miles with the 440-6 normally used
for portable uses like parades, races, search & rescue, damage
accessment, efc. For greater DX or punching thru obstacles: 15
walt p.e.p. Mirage D15N or 50 watt p.e.p. D24N or D1010N-ATV.

The TC70-1 has full bandwidth for color, sound, like broadcast,
You can show the shack, home video tapes,computer
programs,repeal SSTV, weather radar, or even Space Shuttle
video if you have a home satellite receiver, See the ARRAL
Handbook chapt. 20 & 7 for more info & Repeater Directory for
local ATV repeaters.

PURCHASE AN AMP WITH THE TC70-1 & SAVE!

50 WATT wiTH D24N-ATV....$469

All prices Include UPS surface shipping In cont. USA

COMPLETE

)
ATV

YourTV seT
TC70-1...$269 (until June 1)
ATV Transceiver

=

YOURHOME TV CAMERA

ATV STATION

Mirage D15N.....5119
(optional) 15 watts RF out
Mirage D24N.....5219
(optional) 50 walts RF out

KLM 440-27 14dbd $107

KLM 440-10X 11dbd $65
KLM 440-6X 8.9dbd $51

HAMS! CALL (818) 447-4565 NOW OR WRITE FOR YOUR SPRING SALE CATALOG OF ATV PRODUCTS
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frequency synthesis up to 2 GHz

Try these ideas
for the 23- and 13-cm bands

Digital frequency synthesis in the Gigahertz and
higher range offers output frequency stability equal to
that of the reference crystal and better than that avail-
able from dielectric resonator oscillators (DROs). This
article describes a simple, low-cost synthesizer built
around a Plessey PLL programmable frequency syn-
thesizer IC. The circuit provides a frequency source
for use in a variety of applications including a local
oscillator and the input for a frequency multiplier. My
hope is that the basic circuit will encourage experimen-
tation with more sophisticated frequency loading
methods such as from microprocessors or computers.

circuit description

The beart of the circuit shown in fig. 1 is the
SP5051/DG synthesizer. With a 4.0-MHz reference
crystal, the SP5051 synthesizes frequencies between
64 MHz and 2.048 GHz, with a 125-kHz minimum step
size. The reference crystal frequency is divided by 64
and then by 16 to provide a 3.90625-kHz reference fre-
quency. The VCO output is applied to a divide-by-32
prescaler with a minimum sensitivity of 100 mV at 2
GHz. The prescaler output is applied to the program-
mable multi-modulus divide-by-M counter. When the
loop is locked, the M counter provides an output
which is frequency- and phase-locked to the 3.90625
reference frequency. The pin configuration of the
SP5051 is shown in fig. 2 and a block diagram is
shown in fig. 3.

The divide ratia is specified using 16-bit serial data
entry, where 14 bits drive the programmable M count-
er and the two most significant bits specify the con-
trol select outputs. Data bits are loaded into the
storage register on the low-to-high data clock transi-

tion only when the chip select input is also high. Chip
select should be timed to go high during the low period
of the data clock to prevent false data loading. Fig-
ure 4 shows data format and timing requirements. In
the circuit shown in fig. 1, LEDs are tied to the con-
trol outputs to demonstrate their state; in actual prac-
tice, these outputs might be used to select alternate
band VCOs or to control LNA polarity. Table 1 shows
control select data versus the control output states.

Because the SP5051 is a b-volt device, an external
NPN transistor is driven by the charge pump output,
providing the 0- to 30-volt swing necessary to drive
the variable capacitance diode in the VCO. During data
entry, the charge pump output is disabled by the chip
select signal, thereby preventing the generation of
spurious output frequencies. The output of the M
counter may be monitored at pin 12 at ECL voltage
levels if a 6.8-k resistor is connected between pin 12
and ground.

As in the entire SP5000 family of synthesizers, the
SP5051 uses mixed ECL and I2L technologies on the
same substrate. Separation of the + 5 volt and ground
supplies reduces the interaction between circuit sec-
tions, but it requires that all supply pins be connected
and that both +5 VDC lines be decoupled with qual-
ity capacitors near the device itself.

the VCO

While there are several excellent commercial VCOs
availabie in the desired 1.5- to 2-GHz range (including
the Avantek VTO 8150, for example), prices in the
$100 area preclude their use in low-cost applications.
The design shown in fig. 1 was developed using
BB405 TV tuning diodes (2 pF at 25 volts, 16 pF at
1 volt) and a standard Siemens BFR34A transistor. The
cost of both components is just a few dollars.

By Douglas R. Schmieskors, Jr., WAGDYW,
4633 Old Ironsides Drive, Suite 250, Santa Clara,
California 95054
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fig. 1. Demonstration circuit.

Table 1. Control select decoding

Control select Control outputs

data pin
218 24 6 7 8
0 0 H H H
0 1 H L H
1 0 L H H
1 1 H H L

In fixed frequency oscillators, the resonant circuits
and decoupling capacitors would be made by using
sections of transmission line, but the frequency vari-
ation required in this VCO requires the use of conven-
tional components. The series inductance of most
capacitors at 2 GHz becomes a major portion of the
resonator circuit, and unless care is used in the lay-
out, decoupling is degraded.

The tuning voltage from the 2N3904 is applied
through a 47-k resistor to the variable capacitance
diodes. These diodes form a series-resonant circuit
with the 0.250-inch wire link and the various lead in-
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oataneut 0~ wh 0ATA CLOCK
+5v (]2 17]] CHIP SELECT
3 w[] +5v
PRESCALER INPUT 3

Qe s[] 4MHz CRYSTAL

ov [Js SP%%5%1 ..Nosc cAPACITOR
(s 1[] 62.5kHz

CONTROL OUTPUTS | ]’ 12[] DISABLE/+M OUTPUT

‘(e n[] CHARGE PUMP

ov [ 10{] DRIVE OUTPUT

fig. 2. Pin connections — top view.

ductances. The 390-pF capacitor provides dc isolation
from the collector decoupling, while the 330-ohm resis-
tor also provides some feedback to help stabilize the
bias. The 22-k resistor laid directly across the transis-
tor from base to collector sets the bias at about 15 mA,
while the emitter is soldered directly to ground to pre-
vent emitter decoupling problems.

Output is coupled from the collector using a 27-ohm



“They said | couldn’t work
DX with just 100 watts. Espe
cially with a radio that has
less than 1000 switches on the
front panel.

But the truth is, I'm working
lots of DX, more than some of
these blockbuster types, thanks
to my Yaesu FT-747GX.

You see, my no-nonsense
FT-747GX was designed with
me in mind, so I can hop around
the band fast to nail those DX
stations. While the other guys are
warming up their amplifiers, 'm
working the new country!

My FTM7GX has a super
receiver, with a directly-driven
mixer for great overload pro
tection. And, Yaesu included the
CW filter in the purchase price

(I used the money | saved on post
age for the QSL cards!).

And my FTH7GX is loaded
with other features. The receiver
works from 100 kHz straight
through to 30 MHz, and its a
fantastic shortwave broadcast
receiver. | can use all twenty
memories for that alone! Plus it's
got dual VFOs. A noise blanker,
Split frequency operation for the
pile-ups. And scanning up the
band helps me check out open
ings as they happen.

[ just put in the optional
crystal oven, and next month I'm
going to pick up the FM board.

I can't wait to tell my buddies |
worked England on a repeater!

And with the money [ saved
when [ bought my FT-HA7GX, [ got

a second ten-meter antenna for
satellite work on the high end of
the band. I use my personal com
puter to tell me what satellites are
going by, and the computer even
sets the frequencies on the radio
for me.

Now my friends are getting
FT-T47GX rigs, too. | knew theyd
figure out my secret weapon
sooner or later. But now ['m set
ting the pace!

Thanks, Yaesu. You've made a
rig that makes sense’

Yaesu USA 17210 Edwards Road, Cernitos, CA SIT0]
(213 404 2700, Repair Service: (213) 404 4884
Parts: (213) 404 4847 Prices and specifications

stthpeet o change without notiee

YAESU

“They laughed when they saw my radio.
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fig. 3. SP5050/1 block diagram.
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WITH 4 0OMHz

MINIMUM FREQUENCY
CRYSTAL

MAXIMUM FREQUENCY

n
BAMHz INPUT CODE -~ 00001000000000

2047 8750MHz INPUT CODE - 1111111111111

DATA
CLOCK

20

2 20

22 2t 20

LSB

FREQUENCY DATA
(ss 125kHz)

CHIP
SELECT
———
DATA 2 21 2 212
MsB
~ ad
CONTROL QUTPUT
SELECT DATA
(SEE TABLE 1)
tc
DATA
cLocx
HYSTERESIS
————— -—
)
CHIP /
SELECTY +2,5V 2.5v

o]
csD P S———
(NEG)
(NEG)
MIN — MAX

DATA

1ST DATA BT

tserys

fig. 4. Data format and timing.

resistor and another 390-pF capacitor, while a 33-ohm
and a second 27-ohm resistor act as an attenuator prior
to the synthesizer input. A coupling link is used to tap
off some of the output for connection to a spectrum
analyzer or counter.

Standard G10 fiberglass circuit board was used, but
board capacitance prevented mounting the resonance-
determining components on the board. Teflon™ board
would undoubtedly make the oscillator more stable
and easier to assemble. Layout with the fiberglass

board is critical, and component lead lengths are kept
as short as possible by mounting above the board
surface.

operation

In most applications, the SP5051 would be supplied
with frequency data by a microprocessor, but because
a simple, stand-alone frequency source was desired,
an extremely simple and unsophisticated circuit was
designed to allow data entry from dip switches. The
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fig. 5. Demonstration system diagram.

data clock for the SP5051 is taken from the Q4 out-
put of the CD4060 14-stage counter-oscillator. The
74150 16:1 multiplexer is sequenced by the Q5-Q8
counter outputs and data from the multiplexer output
is applied to the SP5051 data input. The Q9 out-
put of the 4060 provides chip select to the SP5051.
Closing the push-button switch causes the word pro-
grammed by the dip switches to be entered into the
SP5051.

different reference frequencies

The SP5051 is specified to operate with a reference
crystal frequency of 2 to 7 MHz. With 200 mV input
to the prescaler, the SP5051 has been found to oper-
ate to more than 2.5 GHz. To determine a new refer-
ence crystal frequency, fg

SR = fmax
512
and
f MAX
= L] 1
JsTEP 5048 25

where fs7ep equals the new minimum step size in kHz
and fy1ax equals the desired maximum frequency in
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MHz. Thus, the maximum operating frequency or the
minimum step size may be varied within the reference
crystal and maximum input frequency ranges of the
device.

Another version of the SP5000 family, the
SP5060/DG, offers a fixed frequency output of 1.024
GHz based on a 4.0-MHz reference crystal. No data,
enable, or clock inputs are required. It can be seen
from the formulas above that about 1.8 GHz maximum
can be obtained with the SP5060 and a 7-MHz crys-
tal. Other versions of the SP5000 family offer higher
input sensitivity, fixed frequency outputs for up-
conversion to standard TV channel frequencies, and
smaller step sizes.

A very generalized idea for adding microprocessor
control, LED frequency display, and remote control
to an SP5051-based tuning system is shown in fig.
5. The processor drives the LED segments directly, and
buffer transistors are used to enable the LED anodes.
The desired operating frequency is entered into the
processor from either the local or remote keyboard,
and the look-up table then provides the correct serial
word to the synthesizer.

ham radio
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and weight is 5 Ibs.

further product information.

TE TE SYSTEMS
[-34-3dA[-] FO Box 25845
Los Angeles, CA 90025

(213) 478-0591

RF POWER AMPLIFIERS
® Lowest NF GaAs FET Preamp
e Finest Quality Military Construction

o Off-The-Shelf Dealer Delivery

For the past five years, Amateurs worldwide
have sought quality amplifier products from TE Input_ Output
Systems. Renowned for the incorporation of

All amplifiers are linear (all-mode), automatic
T/R switching with adjustable delay and usable
with drive levels as low as 2 Watt. We incor-
porate thermal shutdown protection and have
remote control capability. All units are de-
signed to ICAS ratings and meet FCC part 97
regulations. Approx. size is 2.8 x 5.8 x 10.5"

Consult your local dealer or send directly for

SPECIFICATIONS

4 ) . » 0508G 50-54
high quality, low-noise GaAs FET preamplifiers
in RF power amplifiers, TE Systems offers our 0510G 50-54
fine line of products through select national 14006  144-148
distributors.

1410G 144-148
1412G 144-148
2210G 220-225
220-225
420-450

420-450

— Power —

NF-dB GaindB +Vdc

Models also available without GaAs FET preamp (delete G sullix on model # ). All units cover

full amateur band - specity 10 MHz bandwidth for 420-450 MHz amplifier

Amplitier capabilities: 100-200 MHz, 225-400 MHz, 1-2 GHz, Military (28V), Commercial,

elc. also available - consult factory
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PROGRAMMING FOR THE TI-59 AND
HP-41 CALCULATORS
by Paul Garrison
To fake full advantage ol your hand-held calculator's
} . you need 1o learn how to program it Clear
rstand instructions make programming a
1 hall the book has practical programming
15 that will splve some very complex
problems 1982, 294 pages

T-1442 Was $12.95 SAVE $8 Softbound $4.95

MICROCOMPUTERS IN AMATEUR RADIO
by Joe Kasser, G3ZCZ
Computers can be used in a number of different
ways in your Ham shack. They can be used lo con
trol your ng. predict propagation, control antennas
and hundreds ol other applications. Kasser explores
the []{1\.!II|IIIE’N in this book. Includes interface |
devices, system calegones. programming the mic rn
computer and much more Great reading 1981
307 pages

T-1305 Was 51595 SAVE $4 95 Softbound 54.95
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Microflect's
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Light-Duty

Tower

This self-supporting
tower series has 136
models to choose
from, ranging from
10" to 160" in height,
and a variety of pipe
mounts, anchor
bolts, and accesso
ries o help suppont
yOUT antennas,

send for your
free catalog and
price list
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Alpha Delta Model DELTA-4

Lightning Surge Protected

4-Position
RF Coax
SWi‘tC!‘l

perior
RF switching
and equipment
protection for amateur,
military and government
communications stations.

-

Exclusive center "off” (ground) posi

tion internally disconnects and grounds
all antenna circuits for maximum protec-
tion when operator is away from the
station an Alpha Delta first!
Incorporates the famous replaceable Arc
Plug® cartridge for continuous protection
of the active antenna circuit. Unused
antenna circuits are automatically
grounded — an Alpha Deita first!

* The Model DELTA-4 Switch features a
custom designed cast housing with
constant impedance micro-strip cavity
construction for outstanding performance
through UHF. No lossy wafer switches
are used

Positive detent ball bearing switch drive
tells you which position youre in
without guessing without looking
DELTA-4 handles full legal power
Designed and produced in the U.S.A. by

- T
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HADIO WORKS,

Ham radio i3 @
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N

. .
BO A 40 M 1oop

Great performance
All bands with
transmatch

d except ol
M wire antennas

Ruggoed fwe balins
Full range of wire
Coan, cable and parts
wWide ramnge of accessories

SEE WHAT WE'RE [OING NOW!
.-

Contact Jim, waTHY for free catalog

(send 81 for 1at Clasa postage)

Box 8159, Portamoutn, YA 23103

fDeal o (rguiries Welcome)

804-484-0140 —

Something Wew! gy CAROLINA WINDOK #a
The best 75 W antennd arouna? Probablyl when
you hear one, you'll wanY one. TYou CAN use (1 on
all bands with & transmatch Feed it wilh coan
.
AL RADIO WORKS PRODUCTS ARE MADE WITH PRIDE ON
THE AMERICAM BIDE, IN VAASSA,

ceramic gas tube Arc
Plug® cartridge

50-chm’
cavity

v stee] ball bearing
special function switch drive

ground circuitry
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Alpha Delta

Model DELTA-4 (UHF connectors, 500 MHz) $69.95
Model DELTA-4/N (N-type connectors, 1.3 GHz) $89.95

Available from your local Alpha Delta Dealer or direct. Add
$4.00 shipping and handling (U.S.A. only) Exports quoted.

See Data Sheet for surge limitations. “ z

P.O. Box 571, Centerville, OH 45459 » (513) 435-4772 Orders
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915 North Main Street Wisloen pos Youks finsel . asaliun radis doolis !

Jamestown, New York 14701  PH.(716)664-6345 M‘

ICOM

INTRODUCING
W2DRZ VHFIUHF MODULES
NOW AVAILABLE
ICOM, AEA, LARSEN, VAN GORDEN
VIBROPLEX, NYE-VIKING. FALCON
COMM, LEADING EDGE. ARRL PUBLI
CATIONS, KAGLO, HAMTRONICS
PROWRITER, ELEPHANT DISKS,
DEBCO, TRIONYX
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R-7000 Widespan Panadaptor

Panadaptor especially designed
for the R-7000 receiver. For use
with a standard scope. Variable
span width from 1 to 10 Mhz.
Uncover unknown elusive signals.
Complete with all cables, & 90 day
warranty. $349.95 Shipped. Pa.
res. add 6%.

GTIl Electronics

RD 1 BOX 272
Lehighton, Pa. 18235
717-386-4032

1

BATTERIES

Nickel-Cadmium,Alkaline, Lithium, Etc.
INDUSTRIAL QUALITY

YOU NEED BATTERIES?
WE'VE GOT BATTERIES!

CALL US FOR FREE CATALOG

E.H.YOST & CO.

\l.\  EVERETT H. YOST KB9X1

A\ .' i

TIVA RD
=~ ASK FOR FREE CATALOG

(608) 643-3194

2
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amateur packet radio
networking and protocols: part 3

Packet radio protocols
past and present

This is the last in a three-part series on the inner
workings of Amateur packet radio. Part 1 introduced
networking and protocols and included a discussion
on the OSI/RM (Open Systems Interconnection Refer-
ence Model). Part 2 explored the first two layers of
the OSI/RM and their applications to Amateur pack-
et radio and examined the AX.25 level 2 packet radio
protocol.

Part 3 concludes our look at the second OSI/RM
layer with a discussion of other data link layer packet
protocols. Also covered are the remaining OSI/RM
layers. Special attention is paid to the network layer
as current packet radio protocol development centers
around networking.

data link layer

The V-1 protocol, commonly known as the VADCG
protocol, was developed in 1979 by Doug Lockhart,
VE7APU. That summer, Doug was working on a pro-
tocol for the VADCG (Vancouver Amateur Digital
Communications Group) TNC {Terminal Node Con-
troller} for use with a master station and multiple
TNCs. The TNCs would connect to the station node
where they would be assigned numeric addresses, and
all communications between users would take place
through this node.

A packet group in Hamilton, Ontario was working
on developing TNCs and wanted a protocol that al-
lowed the TNCs to be connected to each other directly
rather than by way of a station node. Doug was asked
if he could provide such a protocol which would free
them to experiment with the TNCs and eliminate the
need to set up a station node first.

Doug modified the protocol he was using by elim-
inating dynamic addressing and other facilities em-
ployed by the station node. The end result was a
simple protocol allowing TNCs to connect directly to
each other — a kind of kludge to meet a specific re-
quest. This temporary experimental protocol (called
the VADCG-1 or V-1 protocol) gained popularity and
eventually came to the United States when it was dis-
tributed with VADCG TNC kits. Doug has since com-
pleted a second VADCG protocol.

Though it was never Doug's intention, the V-1 pro-
tocol achieved popularity in the United States and be-
came a packet radio standard because it was the only
one around that actually worked.

The VADCG protocol used in the United States was
not identical to the one Doug developed for the Hamil-
ton packet operators. The protocol, as it was first used
in Canada, allowed for up to 254 numeric addresses
and each station would have one assigned before-
hand. When Hank Magnuski, KA6M, put the United
States’ first all-digital simplex packet repeater {now
called a digipeater) up in California on December 10,
1980, he used a modified version of the VADCG pro-
tocol. A portion of the address space was used to sup-
port digipeater control, thus reducing the total number
of user addresses from 254 to 32.

The modified version of VADCG protocol used in
California became the standard in the United States.
Doug was approached several times about making the
protocol an international standard, but he consistent-
ly resisted this as he saw VADCG as a temporary "‘test-
ing’’ protocol too limited for widespread use. These
limitations would later cause packet groups in the Unit-
ed States to develop alternate data link level protocols
such as AX.25.

By Jonathan L. Mayo, KR3T, 3908 Short Hill
Drive, Allentown, Pennsylvania 18104
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Wide Dynamic Range and Low
Distortion —The Key to Superior
HF Data Communications

« Dynamic Range >75dB

» 400t0 4000 Hz
 BW Matched to Baud Rate » Linear Phase Filters

ST-8000 HF MODEM

« BER <1X10°forS/N=0 dB
* 10 to 1200 Baud

ST-8000 HF Modem

Real HF radio teleprinter signals exhibit heavy distortion, not sharp-skirted filters with high phase
fading and distortion, requirements that cannot be distortion. All signal processing is done at the input
measured by standard constant amplitude BER and tone frequency; heterodyning is NOT used. This
distortion test procedures. In designing the SI-8000, avoids distortion due to frequency conversion or
HAL has gone the extra step beyond traditional test introduced by abnormally high or low filter &'s.
and design. Our noise floor is at -65 dBm, not at -30 Bandwidths of the input, Mark/Space channels, and
dBm as on other units, an exira 35 dB gain margin post-detection filters are all computed and set for
to handle fading. Filters in the ST-8000 are all of the baud rate you select, from 10 to 1200 baud. Other
linear-phase design to give minimum pulse standard features of the ST-8000 include:

« 8Programmable Memories .
« Setfrequenciesin1Hzsteps .
« Adjustable Print Squelch .
Phase-continuous TXTones .
Split or Transceive TX/RX

CRT Tuning Indicator

RS-232C,MIL-188C.orTTLData =
8, 600, or 10K Audio Input .

Signal Regeneration = FDX or HDX with Echo
Variable Threshold Diversity « Spectra-Tune and X-Y Display
RS-232 Remote Control I/O = Transmitter PTT Relay
100-130/200-250VAC, 44-440Hz  + 8 or 600 Ohm Audio Output
AM or FM Signal Processing « Code and Speed Conversion
32 steps of M/S filter BW « Signal Amplitude Squelich
Mark or Space-Only Detection + Receive Clock Recovery
Digital Multipath Correction » 3.5" High Rack Mounting

Write or call for complete ST-8000 specifications.

HAL Communications Corp.
Government Products Division

Post Office Box 365

Urbana, lllinois 61801

(217) 367-7373 TWX 910-245-0784
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CONSOLIDATED
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THE ULTIMATE

LONSOLIDATED

1-800-543-3568

705 WATERVLIET AVE., DAYTON, OHIO 45420-2599
TEL. (513)252-5662 TELEX 288-229 FAX (513)252-4066
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Reader Service CHECK —OFF Page 98

“Give your repeater something

to celebrate!”

The new RC-96 controller for your repeater will make i1s day. And yours

For you, remote programming will let you easily make changes to your repeater from
anywhere without a trip to the hill. Change codes, autodial numbers, 1D messages and
more, with reliable storage In E2PROM memory

Your users will love the outstanding patch and autodialer, with room for 200 phone
numbers, The talking S-meter will let them check their signal strength into the repeater
Plus suj port Tor pocket pagers, linking to other repeaters, and a bulletin bozare

Your technical crew will appreciate the built-in keypad and indicators.  And the case ol
hookup through shiclded DIN cables With pots and DIP swilches easily accessible at the
rear of the unit, They'll be impressed by the gas discharge tube across the phone line and
transient supressors on cach 1/O signal to keep lightning from taking your system
down

And most important, your repeater will have a new sense ol pride in being able o serve

vou better, You'll even hear it in its volee!

The RC-96 Repeater Controller
the newest choice from AC(

Something for « A real party animal!

QCC

2356 Walsh Avenue, Santa Clara, California 95051 (408) 727-3330

Vervone

advanced
computer
controls, inc
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AN
k%“\ <5 NO TUNERS!
XS NO RADIALS!
QR V' Solar Power for your Station = K-“w?ﬁ) NO RESISTORS!

NO COMPROMISE!

THREE EXCELLENT REVIEWS JUSI
DON'T HAPPEN BY CHANCE.

CALLUS FOR A FREE CATALOGUE.

d. QR y prertabile ol i (]
lalzl.:lxlnl\-. ::: ar;, }_—"l"" AntennasWest NEW LOCATION!
BILAL COMPANY
137 Manchester Dr. <&
Florissant, Colo. 80816
(719) 687-0650

T 84604 (BO1) 374-1084
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The protocol had only two commands: connect and
disconnect. To connect with another station, the user
would type his callsign and a CTRL-X. A connect re-
quest frame would be sent containing the other sta-
tion's call, the user’s call, and the user's VADCG
numeric address. The other station would respond
with an acknowledgement including this numeric
address and all information frames would then be sent
with only the VADCG addresses. To disconnect, the
user would type a CTRL-Y and a disconnect request
would be sent. Once the disconnect request was ac-
knowledged, the connection was terminated.

The VADCG protocol is still in limited use in Can-
ada and Australia. It is similar to HDLC (High-level
Data Link Control) in that numeric addresses are used.
Because it is no longer widely used and of limited ben-
efit to most packet operators, a detailed explanation
of this protocol is not provided.

second VADCG protocol “V-2"

Doug Lockhart has continued developing link level
protocols because, for various technical reasons, he
does not feel that AX.25 is a viable link level protocol
for the large scale dsvelopment of packet radio.
His second VADCG protocol, V-2, offers many im-
provements.

V-2 allows both full and half-duplex links. Multiple
links are maintained along with some multiple protocol
support. The number of numeric addresses has been
significantly increased, and addresses need no initial
coordination.

When the second protocol’s specifications were
published, TAPR {Tucson Amateur Packet Radio)
compared them with the AX.25 protocol and found
some notable variations but not enough to require
changes in the current link level protocol. Some differ-
ences are: reduced address space, differentiation
between user names (callsigns) and node addresses
{numeric identifier), and no “network level”” functions.
V-2 is similar to SLDC, HDLC, AX.25, and V-1. Itis
designed to be implemented along with upper level
protocols to establish a complete network.

other level 2 protocols

Several data link layer protocols have been used in
Amateur packet radio. Two Canadian groups besides
the VADCG developed viable packet systems with pro-
tocols and TAPR had its own data link layer protocol
prior to the adoption of AX.25.

The Montreal group was using a combination COP/
BOP (Character Oriented Protocol/Bit Oriented Pro-
tocol) with ASCII characters as frame delimiters. This
system was operational in 1978 running at 4800 baud
AFSK on 220 MHz.

The second Canadian group, based in Ottawa, used
a polling protocol and was the first to develop the con-
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cept of a digipeater. Their system was running at 9600
baud FSK in 1980.

TAPR had a data link level protocol up and running
shortly after their startup. Known as TAPR/DA
{TAPR/Dynamic Addressing), this protocol was be-
ing implemented before the 1982 AMSAT/AMRAD
protocol conference and was one of those considered.
It was passed over in favor of AX.25.

networking

Current work in the United States is directed at level
3 network layer protocols. There are several systems
under development today and most are based in level
3 of X.25.

The RATS (Radio Amateur Telecommunications
Society) group in New Jersey is experimenting with
one system; another is being developed by the
FADCA (Florida Amateur Digital Communications
Association) group. Right now these systems simply
acknowledge packets being repeated through them
{replace the end to end ACK of AX.25 with a point to
point ACK), but they should soon contain routing
tables that will automatically select the best route for
a packet to reach its destination, transparently to the
user.

Another more recent networking system is NET/
ROM developed by Ron Raikes, WA8DED, and Mike
Busch, W6IXU. This protocol simply replaces the
ROM (Read Only Memory) chip in any TNC-2 com-
patible TNC (Terminal Node Controller) and makes it
a network node. Users can connect to other NET/
ROM nodes as well as conventional stations with the
benefit of point to point ACKs through the NET/ROM
nodes. It also maintains routing tables to other
NET/ROM nodes, so it is not necessary to specify a
path between nodes.

TAPR’s latest project is a Network Node Controller
(NNC) — a combination hardware and software de-
vice designed to serve as a network node in an Ama-
teur packet network. It is actually a small but powerful
computer system complete with microprocessor,
memory, and external storage. There are four HDLC
ports with flexible characteristics.

For instance, two ports might be configured for Bell
202 use on VHF, a third for 9600 baud on UHF, and
a fourth for Bell 103 on hf. Thus a user may connect
to the NNC on one port and route his packets out one
of the others (this may be handied automatically by
the NNC's software). The NNC will acknowledge
frames as they are received (a point to point ac-
knowledgment).

network layer sublevels

The network layer (level 3} is usually divided into
two distinct sublevels: 3A and 3B. Level 3A is con-
trolled by the INTRAnet protocol and 3B by the



INTERnet protocol. INTRAnet deals with communi-
cations around a single network node and user sta-
tions while INTERnet takes care of communication
between network nodes.

Communications between individual users and their
network node (INTRAnet) will probably be through vir-
tual circuits. A virtual circuit is a method of connect-
ing stations using an abbreviated address field once
a connection is established. The stations must be con
nected before commmunications can begin, and the
addressing information contained in each transmission
is decreased after the connection is made. The lack
of complete addressing information forces each packet
to take the same path through the network.

INTERnet communications are still under debate
they may be virtual circuits or datagrams. A datagram
is a method of connecting two stations in which each
packet sent over the network contains complete ad-
dressing information. Their advantage is that they may
be dynamically routed through the network (i.e., the
path of the connection may change) because they
contain complete addressing information. The advan
tage of virtual circuits is that once the connection is
established, the amount of packet space consumed
by the address field can be significantly reduced.

Virtual circuits require more reliable, intelligent net
work nodes to “remember’’ the path of the connec-
tion. Datagrams may reach their destination despite
failure of one or more network nodes by being dynam-
ically routed around the nonfunctional ones. Once net-
work nodes are fully implemented, a user from one
area of the country can access a node and connect
to any other station that the network reaches (similar
to the telephone system).

transport and session layers

OSI/RM Levels 4 and 5 have also been under de-
velopment for use in Amateur packet radio. A popu
lar contender for the level 4 transport layer is TCP
(Transmission Control Protocol). TCP is generally re-
garded as a complex protocol for dealing with inade-
quate or unreliable lower layer protocols. TCP also
handles the session layer (level 5). Phil Karn, KA9Q,
has developed a TCP implementation for packet radio
use that can be run on microcompulter systems.

presentation layer

The presentation layer (level 6) is also getting some
attention. The NAPLPS (North American Presentation
Level Protocol Syntax) graphics protocol provides a
means for graphics transmission via packet radio.
Other possibilities are FTP (File Transfer Protocol) and
SMTP (Simple Mail Transfer Program).

application layer

The application layer is the seventh and final

OSI/RM level. At this time, there are no true applica-
tion layer protocols or systems operating or being de-
veloped for Amateur packet radio.

conclusion

To recap, we have finished our discussion of the
OSI/RM applications to Amateur packet radio. Keep
in mind that the OSI/RM provides an excellent frame
of reference for designing a network, but is not cast
in stone. Future Amateur packet radio operations
might handle high-level protocols differently, but
for now appear to be proceeding according to the
OSI/RM.

This three part series has covered most aspects of
Amateur packet radio networking and protocols. Al-
though some of the concepts may be confusing, in-
depth knowledge of networking and protocols is not
a prerequisite to operating and enjoying packet radio.

If you have any questions or comments, write 1o
me at the address listed or leave a message on Compu-
Serve; my User ID is 72276,2276.

Portions of this series are from my book, The Packet
Radio Handbook, available from the ham radio Book-
store for $14.95 plus $3.50 shipping and handling.

ham radio
KV.G.
CRYSTAL .
PRODUCTS B
9 MHz CRYSTAL FILTERS
Appli- Band-

MODEL cation width Poles Price
XF-9A S58 24 kHz 5 $61 00
XF-98 558 24 kHz ] B9 00
XF-98.01 LSB 24 kHz 8 125 (10
XF-9B-02 use P4 kM A 125 00
XF-98.10 558 24 kHz 10 165 00
XF-8C AM 375 kHz a 49 00
XF-9D AM 50 kHz 8 B9 00
XF-9E FM 120 kH:z 8 89 00
XF-9Mm Ccw 500 Hz 4 62 00
XF-9NB cw 500 Hz 8 145 00
XF-9P Cw 250 M2 a 175 00
XF-a10 IF noise 15 kHz 2 2100

10.7 MHz CRYSTAL FILTERS
WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS
Export inquires Invited Shipping: $3.75
M
10XY-2M 593 00 LOOP YAGIS
T0cm : .
70/MBM28 65 00 gl 55
.’:nr'IMF_lMdR fji’.' 0o 1691.LY 70 00
ch:?g“?::’?Mu.- I.l:, 2#; order 100p yagl connacior exira
Send B6C (3 stamps) for full detaits of all our VHF & LUHF equipments and KVG crystal
products o5 .
Shepping: FOB Concord 55
Prices subyec! to change withiul notice “ E
(617) 263-2145
, SPECTRUM
INTERNATIONAL, INC.
- Post Office Box 1084
rd, MA 01742, U.S.A.
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Send for a FREE
copy of our NEW
62 page CATALOG

#QUALITY PARTS #DISCOUNT PRICES #FAST SHIPPING!

ALL ELECTRONICS CORP.

TRANSFORMERS

5.6 VOLT - 750ma
CAT# TX-56  $3.00

12V.CT.-1amp
CATS# TX-121 $4.00

12V.CT.-28mp
CATH TX - 122 $48B5

12V.CT-4amp
CAT# TX-124  $7.00

18 VOLT - 650 ma
CAT# TX-186 $2.00
10 tor $17.50

24V.CT.- 1 amp
CAT# TX-241 $4.85

24V.C.T.-28mp
I CAT TX.242 $6.75

24 V.CT.-3amp
CAT# TX-243 $9.50

24V.C.T-4amp
CATS TX-244 $11.00

A/B SWITCH

JVC# PU53593-2

High quality
A/B switch.
75 OHMS INOUT

Measures: 3 3/4” X 1 7/16" X 1"
CAT# ABS-2 $350 sach

LED'S FLASHING LED LED HOLDER
with built i flashing circuit oper- Two piece holder. &
STANDARD JUMBO in bullw tast o oo b ]
DIFFUSED AED 3100 eacﬂ 10 Jor 65¢
;E‘;M‘osl:e $150+10010r $1300 oary LEO4 wwrssso  CLIPLITE LED
o 100 o
CATS# LED-1 1000 for $110.00 2255'150 © ‘s(', 00ach HOLDER
- or $9.50 Makes a L.E D look like a fancy
GREEN 10 for $2.00 ingicator. Fits T -3/4 size LED.
CAT#LED-2 100 for $17.00 CLEAR  CAT# HLDCL-C
1000 for $150.00 P;rg:;::ﬁ tED RED CAT# HLOCL-R
i irgction, .
vewow 10108200 Gheenme omer owacs [| CTEEN CATS MLocLG
CATs LED-3 100 tor $17.00 CATH LED-6 2 for $1.70 4for $1.00
1000 for $150.00 o
13.8 VDC COMPUTER SWITCHING POWER
REGULATED GRADE SUPPLY
POWER CAPACITORS | Compact. well regulated switching
SUPPLY pawer supply designed to power Texas

Solid state. tully regulated 13.8 Vdc
power supplies. Both feature 100%
solid statg construction, fuse protection
and LED power indicator. UL listed

2 AMP CONSTANT. 4 AMP SURGE
CAT# DVP-412  $22.50 each

3 AMP CONSTANT, 5 AMP SURGE
CAT# DVP-512  $30.00 each

1400 MFD 200 VOC
2'dia X3 hgh
CATS €G-1420 $2.00

7500 MFO 200 vOC
3 dia X § 34" high
CAT# CG-78 $4.00

22000 MFD 25 VDC
2" dia. X 4 34" hgh

48 KEY
ASSEMBLV
T

NEW T.| KEYBOARDS.
Originally used on computers,
these keyboards contain 48
$.P.5 T. mechanical switches
Terminates 1o 15 pin connector.
Frame size 4" X 9.

CAT# KP-48 $3.50 each

BLACKLIGHT ASSEMBLY

Camplete. tunctioning assembly includ-
ing batiast, on-off switch, power cord,
sockets and F4T5-BL blacklight.
Mounted on a 7 1/8™ X 3 1/8" metal
plate. Use for special effects lighting or
erasing EPROMS.

CAT# BLTA $10.00 each

CAT# CG-22 $2.50

Instruments computer
equipment. INPUT:
14-25 Vac @ 1 amp
QUTPUT: +12 Vdc @

SWITCHES
MINITURE TOGGLE
SMTCHES
allrated 5 Amps
S$.P.D.T.(on-on)
Salder lug terminals.
CAT# MTS-4
$1.00 each
10 for $9.00

S$.P.D.T.(on-on)
Non threaded bushing.
P.C. mount.

CAT# MTYS-40PC

75¢ aach
%

350 ma. +5 Vdc @1.2
amp -5 Vdc @ 200 ma
SIZE- 4 3/4” square.
Includes 18 Vac @ 1 amp wall trans:
tormer designed for this power supply
CAT# PS-TX  $5.00 per set

10 tor $45.00

RELAYS
12 VvDC 4PDT
P C mount
S amp
contacts
150 ohm
coil. Size.
v 1/4° X 1 314 X 778"
CAT# 4PALY-12PC
$3.50 each

10 AMP SOLID

WALL
TRANSFORMER

11.5 Vdc 1.95 AMP.
input 120 Vac

Sua: 334X &
2787 X258

CAT# DCTX-11519
$6.50 each

SOUND & VIDEO
MODULATOR

Ti# UM1381-1

Designad for use with

T.l. computers. Can be
used with vidgo came-
ras, games, or gther au- ¢
dioivideo sources. Built in A/B
swilch enables user 1o swilch from
T.V. antenna without disconnec-
tion. Operates on channel 3 or 4
Requires 12 Vdc. Hook up dia-
gram included.

CAT# AVMOD $5.00 each

POLARITY
SWITCH

Designed to control
an extarnal coaxiat relay on a satesne
tv system Ideal for pais. Contains a §
Vdc relay and many olher pans on a
P.C board CAT# RDPS

$1.75 each « 10 for $15.00

LWy

STATE RELAV
Conmtrol
3-32 vde
212X
4 X 78" N

CAY# SSALY-10A
$9.50 o2 10 for $85.00
MINI 12 VDC

S.P.O.T.
4 Amp

LIGHT ACTIVATED
MOTION SENSOR

This davice con-
tains a photacell
which senses
sudden change in
ambient light.
Could be used as
a door annunciator or modified to trig
ger other devices. 5 1/2" X 4" X 1. Op-
erates on 6 Vdc. Requires 4 AA batter-
ies (not included)

CAT# LSMO  $5.75 per unit

contacts \3
335 ohm cail
617X 42°X 44> Fits
OIP socket, P . maurt
CAT & RLY-787

VIC 20

10 for $7.00
D.P.D.T.(on-0
Solder lug terminals.
CAT# MTS-8
$2.00 each
10 for $19.00
MINI PUSH BUTTON
§. P S T. momentary
Push 1o make. 1/4°
threaded bushing.
Red button
CAT# MPB-1

35¢ each « 10 for $3.25

MOTHERBOARD

26 IC's including 6520A and 6560. Not
guaranteed bul great for replacemant
pans or gxperimentation

CAT® VIC-20 $15.00 each

SOUND EFFECTS

BATTERY AND
CHARGER SET

Two techarge
~X\(] / J able 6 Valt 9.5
1X Amp | Hr. gel
cell batterigs
and a charger 1o
charge both
I——ﬂ vatteries at the
same tme. Batteries measure
23/ X 5 1/2" high. 1deal as a 6
or 12 Volt D.C.. back-up system.
CAT# AH-695 $35.00 per set

BOARD

P C board with 2 1/4”
speaker, 2 LED's. IC. g
battery snap. other com-
ponents 2 3/B" X 3. When switch is
pulled board beeps and LED's hght
Operates on a 9 voft battery (nol
ncluded). CATH §T-3  $1.25 each

NICKEL-CAD CHARGER/|

TESTER
Wi charge most
nickgl-cad batterles

CAT# UNCC-N 315.0:@

«ven buttan & N size.

PUSHBUTTON
PHONE

Specira-phone Models OP-1
1 piece telephone with rotary
(puise) output Operates on most
rotary or tauch lone
systams. Featuras
last minute redial
and mute button
Includes coil cord
with standard mod-
ular plug. IVORY
CAT# PHN-1 $8.50 each

6-12 VDC MOTOR

Mabuchi# RS-5505 Y
=
{
=\

Permanent magnet motor,

BRIDGE RECTIFIER
10 AMP 200 P.LV.

XENON FLASH TUBE
R

$150ea - 10/$1250 2 for $15.00
NSIST RECHARGEABLE THIRD TAIL
m2202A atorsro0 | NICKEL-CAD BATTERIE LIGHT
PN2222A 10 tor §1 50 igh-
o906 3forSt0n |AAMSIZE 125V tgoman  s2zs | Sieek hiah tech
lor $1.4 lamp assembly.
2N2005 fors1g0 |AASIZE 125V sooman  s200 | SR SECIE
2N3055 $100each | AA with solder tabs $220 g
eac! cst T2V t200man  $4z5 ] O auto tail kgt
PN3569 10 for $1.00 suezs it 2ol m a5 | omergency warning light, o spe-
2N4400 10 for $1.50 - - trects (amp. Aed refl
DSIZE 12v  1200mAh  s4zs | Cialefects lamp. Red reflectve

lens is 2 3/4° X 5 1/2° is mounted
on a 4" high pedestal with up-
down swivel adjustment. In-

17/16" dia. X 2 1/4” long 5/8" square. -
2600 RPM @ 6 V 5300 APM @ 12 Vde | CAT#FWB.1020 h 4" X 178" dia. dmcs“ri z.:aaplacs?;:a‘:::
CAT# DCM-7  $3.00 each $1.00 8ach + 10 for $9.00 CAT# FLT-1 2 for $1.00
STORES: ManoRoERS TO: | * SIS | TOLL FREE  “Wiiin
VANNUYS ALL ELECTRONICS CRDER $10.00
o8 CUSTOMERS 800-826-5432
SEPULVEDABLVD. | PO.BOXSS? | oyrsipe OF THEUS. | INFO: (818)9040528 I 05es™
VANNUYS, CA914t1 ANNUYS, CA - @18 USA: 52.00
‘ v UYS, SEND $1.50 POSTAGE d
818) 997-1806 91408 AX: (818} 781-2653 SHIPFING
{ FOR CATALOG NO C.0.D.

AN762 — 140 Watts
AN779 — 25 Wates

DISCOVER THE WORLD OF B PLIFIER o1
FAST SCAN TELEVISION
Complete Parts List for HF Amplifiers Described in
. the MOTOROLA Bulletins
70 CM s A ANT58 — 300 Watts

ATV CONVERTERS . HF LINEAR AMPLIFIERS

TINS

VICES

VK200-20/4B RF Chokr
56-590-6:

MEAT SINK MATERIAL

EB63 - 140 Watts
EB27A — 300 Watts
EB104 — 600 Watts
Madel 99 Meat Sink(6 5212x1.6)
POWER SPLITTERS and COMBINERS CHS -6 Copper Spreader (6x6x1/4)
2-30MH; Add $2.00 additional shipping

—3B Ferrite Bead ...

PHONE LINK. .. .

% MADE IN THE USA

Or call 313-588-9007
CODonly .. .add$3

CORDLESS PHONE - LINK??
FEELING TIED DOWN TO YOUR MICROPHONE??

American Lightwave introduces a fantasic kit that
converts your cordiess phone into a remote link!

* Use your rig from the kitchen, garden, garage
¥ Easy to build..one evening assembly time
* Easily connects to your rigs mic and speaker jacks

* No mods to radlo or telephone system... just piug In

KITPL-A ...t
High quality glass epoxy board with doc.

KITPLB......... ... 830
Complete kit - board, parts, doc (less cabinet).

We don’t nick you for extra money............

Check Maney orcer co0: AMERICAN-LIGHTIWRDE

Madison Heights, Mi 48071-0684

NO SHIPPING CHARGES!!

P.0. 80X 71684
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Amateur

Electronic Repair Center
Servicing
Commercial Radio
The most complete repair facility on
the East Coast.
Large parts inventory and factory

authorized warranty service for
Kenwood, Ilcom and Yaesu.

SEND US YOUR PROBLEMS

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

4033 Brownsville Road 7
Trevose, Pa. 19047 Y

215-357-1400

I HI- PERFORMANCE DIPOLES

S P —

s
MPD S

(1T, OF CENTER AND EACH END - HAN
SLOPING DIPOLE -
NO-TRAP, HIGH-EFFICIENCY DESIGHN.

COMMERCIAL QUALITY -

ANTENNAS THAT wORR! CUSTOM ASSENBLED TO YOUR CENTER PREQ. EA.BAND - AUV(SE
G AS INVERTED "V

- HORIZONTAL, VERT DIFOLE,
STAINLESS HARDWARE - LEGAL
PERSONAL CHECK, MO, OR C.0.D.

POWEF -
(33)

HPO-54

80-40-20.15-10M MAK-PERFURMANCE DIPULE 87°

.3105ppd

600 Watt  2-Port .$5995 Ve also stock Herd—to—Find parts
AMATEUR TEL Ell|§|0 CONVERTERS 1200 Waet  4-Part 3699
ATVZ 420-450 . $ 44 95 Kit CHIP CAPACITORS N
ATV3 420-450. 4 49.95 Kit T X 1 RS 5 METALCLAD MI(A CAPACITORS
ATV4 902-928. $59.95 Kit T ! L} SEMICONDUCTOR
RF POWER TRANSISTORS
AUDIO SQUELCH CONTROL for ATV RF400~1 {20 uH © 1.0MH2 $ 395 RF CHOKES
SHoooooe oo oo $ 30,95 Kit RF600—1 {4.0 4H @ 1.0MH $ 445 MINI-CIRCUIT MIXERS
RF800—1 (4.2 uH Q@ 1.0MHz $ 495 SBL-1 $ 650
RF1000-1 (8.0 uH @ 1.0MH2. $505 SBL-1X.... . $ 795
35 Watt Model 335A .$ 79.95 Kit - ) ) i ARCO TRIMMER CAPACITORS
75 Watt Mode! 875A o ....$119.95 Kit For detailed information and prices, call or write
Available in kit form or wired and tested for our free catalog Add $ 2.00 for shipping and handling
L mmMmunication
‘ VISA oncepts Inc.
— 140

121 Brown Street * Dayton,Ohio 45402 * (513) 220-9677
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MPL-2  BO-40M MAX .PERFORKANCE OIPOLE, AS' -LUNG $6 95~ $65ppd
hew-14 160-80-40M HE-PERFONKANCE DIPOLE 113" LUNG, $29000
£S1-64 164-80-40-20 1% 10M SPACE-SAVER OCPOLE 71' LGNG. $129md
SS0 5% 80-40-20-15-104 SPACE-SAVER OPALE-SPECIEY L. 42'-$10%, 52°-3)06ppd
§SD-4+ 80-40-10-1SM  SEACE-SAVER DIBOLE-SPECIFY L. 46'-3 93, 60°'-§ 4eppd

#9-BANDS WLTH WIDE MATCHING -RANGE TUNER.

SASE FOR CATALOGUE OF 10 DIPULES, SLOPERS, & SPACE-SAVING, UNIQUE ANTENNAS

WOINN ANTENNAS 312-394-3414
BOX 393 MT. PROSPECY, 11 60036
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using the digital
frequency counter:
some pitfalls

The digital frequency counter has
replaced earlier methods for measur-
ing transmitter frequency. When used
correctly, the counter gives nonambig-
uous readings at the press of a micro-
phone button. Previous methods
required operating dials, and, often as
not extensive interpolation between
dial points using subharmonics of the
actual frequency meter reading. As
might be expected, accuracy suffered
on higher frequencies. When digital
counters first made their appearance
in the late 1950s and early 1960s they
were extremely expensive. The first
digital frequency counter that | can
recall was a Motorola unit designed for
use by their franchised communica-
tions shops. Priced at $4,800 the coun-
ter would operate only to 500 MHz.
The modern digital frequency coun-
ter is based on modern large scale in-
tegration (LSI) monolithic chips which
make them much cheaper than earlier
versions. On my home workbench
there is a 600-MHz counter with spec-
ifications that make it legal for use in
checking Citizen’s Band transmitter
frequencies (0.005 percent for CB
transmitters). The price? At retail | paid
$129 and saw it for $30 less (brand
new) at hamfests just last year. Expect
to pay a bit more for a model with a
temperature compensated crystal os-
cillator {TCXO) in the timebase, but |
have seen a 600-MHz TCXQO counter
for less than $400. Like many electron-
ic products, the performance is about
the same as it was 20 years ago, but

the price tag is significantly less. Con-
sequently, the digital frequency coun-
ter is well within the means of many
Amateurs, and should be a part of their
workbench test equipment.

Another feature of the littie DFC on
my bench is its size and weight. Older
versions of these instruments were
heavy and large. The Motorola was
state of the artin its day, but that was
another era. It was “‘portable’’, but |
can attest to the fact that "‘portable”’
didn’t include carrying it up many
flights of stairs to a rooftop repeater
site! The 600-MHz counter | now use
fits inside a winter coat pocket with
space left over. At least three compa-
nies sell handheld counters sufficient

SPEAKING

Joa Carr, K4I1PV

for most Amateur radio applications.

One problem with digital frequency
counters is that erroneous readings
can result if they are used improperly.
After describing some of the counter’s
specifications, we will take a look at
possible situations where even the best
instruments will yield bad readings.

This article assumes you are familiar
with the basics of digital counter cir-
cuits. A future column will look at var-
ious digital counter circuits and
schemes, but for now we will deal with
the instrument as a “black box”, in-
stead of looking at the internal cir-
cuitry. We will, however, examine the
block diagram of the digital frequency
counter.

INPUT SECTION
|

r
TRIGGER

LEVEL

SENSITIVITY O—AMA——O

AMPLIFIER

TRIGGER

MAIN
GATE FF

Q
TiIME BASE

OSCILLATOR

il

S

—-—

.
B—‘_

DECIMAL COUNTING
ASSEMBLY

OVE'RFLOWO

RESET

CONTROL

fig. 1. Block diagram of a digital frequency counter.
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WE SHIP WORLDWIDE
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BLACK DACRON® POLYESTER
ANTENNA ROPE

UV-PROTECTED

HIGH ABRASION RESISTANCE

REQUIRES NO EXPENSIVE POTTING HEADS
EASY TO TIE & UNTIE KNOTS

EASY TO CUT WITH QUR HOT KNIFE

» SIZES: 3/32" 3/16" 5/16"

SATISFIED CUSTOMERS DECLARE EXCEL
LENCE THROUGHOUT U.S.A

LET US INTRODUCE OUR DACRON"

ROPE TO YOU « SEND YOUR NAME AND
ADDRESS AND WE'LL SEND YOU FREE
SAMPLES OF EACH SIZE AND COMPLETE
ORDERING INFORMATION

Deals Invited
X

Inguines

JEASTMAN AVE BUILDING 21
"I NTURA, GALIFORNIA 93003
(B0%5) 658 7903
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The Finest 432 MHz Yagis
EME — Tropo — Weak Signal

The FO-22

»’ ] ELECTRICAL SPECIFICATIONS
W ' 1

i U bait) $10.78

ALSO AVAILABLE
The incomparable FO-25 and FO-33

STACKING FRAMES POWER DIVIDERS

F!UTLAND AHHAYS

1703 Warren St. = New Cumberland, PA 17070

Barry Electronics Commercial Radio Dept. offers the Best in iwo-way communications for Busi-

esses. Municipalities. Civil Defense, Broadcasting Companies, Hospitals, etc. Sales and Service
for all brands: Maxon, Yaesu, lcon, Tad, Octagon, Regency/Wilson, Midland, Standard. Uniden
Neutec, elc. Call or write for information. 212-925-7000

DTMF/steel keys!

sealed gold contacts!

Shinway Seas, Spillsbury

Fujitus

P-TV

OPTIONAL Specity DARK BROWN # Contacts

are; WATER PROOF/DUST PROOF = Complataly

sell contained - NO RF1 » Simple 3-wire connection =

Qutput level adj. * Wide operating range 4 10 18 VDC =

Wide temparature range -22° to + 160°F = Supplied with
Instructions, schematic, template & hardware.

CALL OR WRITE
FOR FREE CATALOG
*Request quantity pricing

P-7V 12 KEY VERT. $53*
P-7H 12 KEY HORIZ. $53°
P-8V 16 KEY VERT. $57°

P.O. Box 2020
Pollock Pine

Cpi ocCommunications® co e

Emphas:s s on Ouahry & Rehab.l!rry FAX-916-644-PIPO

Mail Califorma 9

Order
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* COLOR: All keyboards coma in BLACK \

(717) 774-5298  7-10 PM  EST
145
Factory-less,
jumper-less,
ROM-less prograrnmmg

L

With the new S-COM 5K Repeater
Controller, you'll be able to configure
your repeater remolely — using DTMF
commands. Only the 5K offers this
capability for just $189, wired and tested

. S-COM Industries

PO. Box 8921
Forl Collins, CO B0525
(303) 493-8316
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digital frequency counters

Figure 1 shows the block diagram
of a typical digital frequency counter.
Remember that the definition of fre-
guency is events per unit of time
(EPUT). There are five main sections
to the counter: Input Section (consist-
ing of the input amplifier and trigger
circuit), Main Gate, Decimal Counting
Assembly, Timebase, and Control
Section.

The /nput Section acquires the sig-
nal and shapes it as needed by the dig-
ital circuits. This signal is anything
from a simple sine wave to a highly
complex waveform with high harmon-
ic content. The input amplifier is
designed to boost the level to a point
where it can drive the trigger circuit,
which shapes the signal into a single
binary pulse for each cycle. The coun-
ter circuits are binary digital circuits,
and will not operate properly when a
sine wave or most other waveforms
are applied. The trigger circuit is ab-
solutely necessary to the proper func-
tioning of the counter, and it is here
that some of the problems occur.

in some UHF and up counters, the
input section also contains a frequen-
cy divider to reduce the input signal
frequency by a preset amount to a
range that is compatible with the coun-
ter circuits. These stages are common
in 1.3-GHz counters. Some dividers
are an easy to use 10:1, while others
are 2:1 or 5:1 {requiring some mental
calculations).

The Decimal Counting Assembly
(DCA) is the actual counter. Consist-
ing of binary counters connected in
divide-by-10 (decimal) configuration,
and decoders/numerical displays, the
counter increments one count for
every input “‘event’”’. The number of
decades (digits) sets the counter’s
resolution.

The Control Section keeps the cir-
cuit operating properly. It resets the
DCA to zero, and synchronizes the
operation of the gating circuit.

The Timebase Section sets the “'per
unit of time’’ portion of the equation.
This circuit produces a periodic output
pulse to the Main Gate flip-flop, which

in turn controls the Main Gate. The
gate allows puises into the decimal
counter assembly for only a specified
period, T. No other section of the fre-
quency counter bears more responsi-
bility for accurate operation under
normal conditions than the timebase.
Timebase quality is the main difference
between lower priced counters and
premium ‘‘commercial” or ‘‘profes-
sional”’ counters.

The timebase section is made up of
a crystal-controlled oscillator operated
at some frequency (1 MHz, 4 MHz, 10
MHz, etc.) higher than the output
pulse rate required. The output of the
crystal oscillator is frequency divided
down to 10 Hz (0.1-second timebase)
or 1 Hz {1-second timebase). When
these frequencies are used to control
the gate, pulses are allowed into the
DCA for either 100 milliseconds or 1
second; the displayed reading is there-
fore events per 100 milliseconds, or
events per second. In general, the fre-
quency of the input signal is:
Counts on DCA

Frequency = Time (sec)

trigger circuits

The input signal is rarely a clean
square wave at the level required for
proper operation of the counter’s dig-
ital circuits. The signals may be too
low in amplitude, or too noisy. The in-
put signal is passed through at least
two signal processing stages: an am-
plifier and a trigger circuit. The ampli-
fier increases the signal from a low
level to the 500 to 1000 millivoits typi-
cally required to operate the trigger
circuits.

The trigger is used to produce a
square wave or pulse wave output
from a sinusoidal or irregular waveform
input signal. The usual trigger stage is
the Schmitt trigger. This type of cir-
cuit has a built-in hysteresis that is
used to shape the waveform. Figure
2 shows normal operation of the
Schmitt trigger on a sinusoidal wave-
form (operation is similar on non-sine
waves). The output of the trigger cir-
cuit snaps HIGH when the input sig-
nal crosses a preset UPPER LIMIT
threshold in a positive going direction,

+v

HYSTERESIS
winoow

SIGNAL

+
[
i
i
1
I
I
|
|

TRIGGER
oUTPUT
Q

fig. 2. Properly functioning trigger circuit
produces a pulse.

and remains HIGH until the input sig-
nal drops below the lower limit thresh-
old in a negative going direction. The
direction of signal change is an impor-
tant part of the definition for this cir-
cuit’s operation.

The hysteresis window shown in
fig. 2 is a critical parameter for correct
counter operation, and is equal to Vy-
V. Incorrect setting of this window
can cause erratic or erroneous count-
er operation. It is a fundamental rule
that the input signal must cross both
hysteresis limits before a ““count’’ can
occur. Some counters have trigger cir-
cuit controls allowing the user to po-
sition the window and/or set its width.

Figure 3 shows three conditions in
which different settings of the hyster-
esis window are used. In fig. 3A we
see a correctly adjusted trigger — both
limits are crossed by the input signal,
so counting occurs. Butin fig. 3B the
same signal has a dc offset compo-
nent, the window remains the same,
and no counting occurs. This situation
occurs especially in low-cost counters
that don’t allow adjustment of the trig-
ger controls. Finally, we have fig. 3C
in which the trigger control is set to
position the hysteresis window below
the signal, again resulting in no
counting.
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INDICATOR

® Detalled dluminated map shows fime, time
Zona, sun posilion and day ol the week at a
glance for any place in the world

® Continucusly moving - areas of day and night
change as you walch

® Mounis easily on a wall. Size: 34% " x22'%"

$1295 DELIVERED IN U.S.

21 DRY NOVICE

CODE TAPES = 112 PAGE BOOK = BANDS CHART
ALL FCC FORAMS » SAMPLE TESTS » PLUS MORE!

® 570 in equipment certificates from

ICOM, KENWOOD, & YRESU,

Hom radio equipment “Wish Books

ARAL membership forms.

Hotline for student questions. A[I[)|]11NAL
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MA-40

40° TUBULAR TOWER

5809 SALE! $629 |||
MA-550% ||
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tubular streamlined look

®TX-455

55' FREESTANDING
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® Extra-strength Construction
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IN STOCK FOR QUICK DELIVERY
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dconcepts

Contemporary design,
quality and a 5 year warranty
on parts and labor.
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All amplifiers have GaAsFET receive
pre-amps and high SWR shutdown protection

Alpha Delta
Model DELTA-4 ™

Lightning Surge Protected

4-Position RF Coax Switch
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® Uses ceramic

® Micro-strip circuitry—
no wafer switch

Model DELTA-4/N

(N-type Connectors) $89.95

® Exclusive center
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Arc-Plug® \
protector. L
Model DELTA-4
(UHF Connectors)
FREE SHIPMENT
MOST ITEMS UPS SURFACE

$69.95
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m Electronic
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PK-232 Multi-mode
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* NEW IBM Fax Screen
Display Program Available
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* Radio Ports for HF and VHF
In Stock for Quick Delivery
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800-882-1343

IC-735 List Juns

IC-761 New Top of Line 249900 Call §
IC-735 Gen. Cvg. Xcvr $999.00 Call §
IC-751A Gen. Cvg. Xcvr 1649.00 Call §
R7000 Gen. Cvg. Rcvr 1099.00 Call §

| R71A Gen. Cvg. Revr 949.00 Call 8
IC-2BA/H FM Mobile 25w/45w  429/459 Call §
IC-37A FM Mobile 25w 499.00 Call §
IC-800 Super Multi-Band Mobile 589.00 Call §
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| IC-48A UHF 45w 459.00 Call §
| IC-38A FM Mobile 25w 459.00 Call $
IC-02AT FM HT 399.00 Call $
IC-u2AT Micro HT 329.00 Call s

KENWOOD]

TS-440S/AT

TS-940SAT Gen. Cvg. Xcvr. $224995 Call §
TS-430S Gen. Cvg. Xcvr B19.95 Call §
TS-T11A All Mode Base 25w 89995 Call $
TR751A All Mode Mobile 25w 58995 Call $
TS-440S/AT Gen, Cvg. Xcvr  1199.95 Call §
TM-2530A FM Mobile 25w 42995 Call $
TM-2550A FM Maobile 45w 46995 Call §
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TH-205 AT, NEW 2m HT 259.95 Call $
TH-215A. 2m HT Has It All 34995 Call s
TH21BT 2M HT 25995 Call $
TH31BT 220 HT 26995 Call §
TM-3530A FM 220 MHz 25w  449.95 Call §

FT-757 GX Gen. Cvg. Xcvr $995.00 Call $
FT-767 4 Band New 189500 Call $
FT-211 RH 45995 Call §
FT-290R All Mode Portable 579.95 Call 8
FT-23 RITT Mini HT 29995 Cal $
FT-209RH RM Handheld 5w 35995 Call $
FT-726R All Mode Xcvr 109595 Call §
FT-727R 2MI70CM HT 47995 Call
FT2700RH 2M/70CM 25w 599.95 Call $

WiNDOW

HYSTERESIS
WINDOW

fig. 3. Several adjustments of trigger control: (A) Proper triggering occurs because sig-
nal brackets limits. (B) DC-offset prevents proper crossing of limits, so no count oc-
curs. This situation occurs often in counters with a preset trigger window. (C) Signal

3919 Sepulveda Bivd.
Culver City, CA 90230

213-390-8003
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only crosses one limit because trigger control is misadjusted.

Some instruments have a trigger
level control allowing the user to ad-
just the window’s position over a con
tinuous range. Some models have a
trigger switch that allows selection of
three alternatives: Preset (usually cen-
tered about 0 baseline), + (window
above 0 baseline), and + (window be
low 0 baseline). A trigger amplitude
control makes it possible to change the
window's width (i.e., the value of (V
Vi) in fig. 2.

counter errors

Though several types of errors occur

during digital frequency counter oper-
ation, they tend to fall into two gener-
al categories: inherent and signal
related errors. Inherent errors are a
function of the quality, age, history,
and built-in design factors of the in
dividual counter. Little can be done
about them if the counter is poorly
designed unless you are willing 1o
spend some money. On the other
hand, signal related errors are often
correctable, or at least ignorable,
through the proper manipulation of
input sensitivity, trigger level, and
amplitude controls.




Two major sources of inherent error
in all frequency counters are: timebase
error and one-count ambiguity.

The timebase error is expressed in
terms of a percentage, or in parts per
million. The error from the timebase
inaccuracies is directly reflected in
all measurements of frequency and
period. For example, suppose a
1.00-MHz timebase is off by 30 Hz and
is 1,000,030 Hz instead of 1,000,000
Hz. This is an error of 30 parts per mil-
lion (30 ppm), which in percent is

(1,000,030 — 1,000,000) (100%)
1,000,000

= 0.003%

The measurement error due to time-
base inaccuracy is constant regardless
of the frequency being measured. That
is, there will be a 0.003 percent error
at 1 kHz or 10 MHz. For example, a
21.390-MHz (15 meter) signal would be
measured with an error of

30 Hz  _
21.390 MHz Mz = 641.7 Hz

This means that a counter reading
21,390,000 would indicate an actual
frequency between (21,390,000 -
641.7) = 21,389,358.3 Hz and
(21,390,000 + 641.7) = 21,390,641.7
Hz. If the timebase frequency is 30 Hz
high, the reading will be low, and if the
timebase frequency is 30 Hz low, the
reading will be high.

Total timebase inaccuracy is the cali-
bration error that occurs when the
timebase is initially adjusted at the fac-
tory (or last properly re-calibrated),
plus or minus factors hke short and
long term, temperature, and line volt-
age stability.

The initial error is directly related to
the quality of the laboratory standard
used at the factory or metrology labor-
atory. Proper standards, depending
upon the quality of the counter, might
be a WWV or WWVH broadcast (not
high quality), a 60-kHz WWVB broad-
cast, or a cesium or rubidium beam
standard traceable to the National
Bureau of Standards (NBS).

The short term stability is the time-
base oscillator frequency drift per day,
while Jong term stability is the drift rate

per month (sometimes called the aging
rate). The temperature change is the
timebase frequency change over a
temperature range, usually specified as
0 to 50 degrees C for commercial and
Amateur grade counters. The /ine volft-
age change is the frequency change
overa * 10 percent change in applied
line voltage.

Temperature variation can be cor-
rected by using an oven controlled
crystal oscillator, or a temperature
compensated crystal oscillator
{TCXO). The latter is popular and prac-
tical for the majority of Amateurs.
These changes are probably the most
common modifications to improve the
operation of low-cost counters. The
problem of line voltage change is
solved by making certain that the line
voltage is regulated. It should be noted
that some battery operated counters
do exhibit this difficulty. The solution
is to use a three-teminal IC voltage
regulator to set the power supply volt-
age for the counter, instead of the in-
ternal battery pack.

There are four general classes of
timebase used in counters: ac line,
room temperature crystal oscillator,
temperature controlled crystal oscilla-
tor, and oven controlled crystal oscil-
lator. The first of these is found in only
the least expensive counters, and in-
corporates the 60-Hz (50 Hz overseas)
ac line frequency as the timebase. The
problem is that the 60 Hz'" is only
marginally accurate over the short
term. Although the power company
maintains that its frequency is very
accurate, that claim is valid only when
integrated over a 24-hour period. The
60-Hz referenced counters are useless
for measuring transmitter frequencies.
The room temperature crystal oscilla-
tor is used on many, perhaps most,
counters that Amateurs buy and offers
only marginal accuracy and stability.
The TCXO and oven controlled are
best suited for accurate measure-
ments. Although the oven was once
the favorite, the TCXO type performs
well and is inexpensive.

The one-count ambiguity is caused
by a lack of synchronization between
the input signal and the timebase. In

some readings, a single cycle of the in-
put signal may ‘‘escape’’ detection by
the decimal counting assembly, so the
reading is off by one count in the least
significant position. The * 1 count
ambiguity produces an error inversely
proportional to the frequency being
measured and the gate time:

Error (%) = L/;w
Where:

f is the measured frequency in Hertz
{Hz)

T is the timebase “gate time'’, in
seconds

EXAMPLE: Find the percentage error
due to + 1 count ambiguity of a 2-MHz
signal using a gate time of 1 second.
Error (%) = (£100%)/fT

Error (%) = (+ 100%)/(2,000,000 Hz)
(sec)

Error {%) = 0.0005 percent

The error is = 1 count no matter
what frequency is being measured, so
the error decreases for higher fre-
quencies.

The £ 1 count error should not be
confused with last digit bobble, seen
on some counters, even though the
two are related. In this form of error,
the least significant digit bounces back
and forth between two values because
it can‘t decide which value is correct.
This error is seen on most counters,
but is especially noticed on counters
displaying only the most significant
several digits. For example, my count-
er has a six-digit display, but measures
frequency to 600 MHz. If a frequency
is 21.390 MHz the reading might be
"’21390.0." But suppose the actual fre-
quency is 21.389502 MHz? In this case,
there is an ambiguity that may trans-
late as a bobble between 21390 and
21389.

Signal related errors are problems
{mostly in triggering) caused by poor
quality or complex waveform signals.
For example, don’t even try to meas-
ure the frequency of an amplitude
modulated or SSBSC signal! Most of
these errors result from hysteresis
crossing problems, or noise an the sig-
nal. Trigger errors occur because the
input signal crosses the hysteresis win-
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SIGNAL
INPUT

HYSTERISIS
WINDOW

SOLUTION MOVE TRIGGER DOWN

®

TRIGGER

OuUTPUT

brackets “A” and “B".

fig. 4. “Ringing” on pulse causes excessive number of trigger output counts when
hysteresis window is positioned in shaded area, but correctly counts when window

dow limits either too many (excess
counting) or too few (non-counting)
times. Recall that the signal must cross
the hysteresis limits in both directions
on every cycle.

Figure 4 shows a signal with ring-
ing that tends to amplitude modulate
the pulse. If the hysteresis window on
the counter is adjusted to the point
shown shaded, then the amplitude
variations caused by the ringing cross-
es the limits three times, so the count
is of three pulses rather than one. To
solve this, adjust the trigger control
lower on the pulse so the triggering
limits are "A'" and ""B"" as shown.

Figure 5 shows a sine wave signal
with severe harmonic distortion. If the
trigger window is adjusted to point
“B"" then triggering occurs normally,

fig. 5. On distorted sinewave improper
triggering occurs at “A” but notat "B
Trigger control should be adjusted to "B"".

and there is no problem. But, if the
trigger window is at "A" the counter
will double trigger, producing an er-
roneous count.

In some cases, the sensitivity of the




counter input amplifier is simply too
great. In those cases strong signals will
drive the input amplifier into distortion
and produce some of the problems dis-
cussed here. That is why it's a good
idea to use a counter with an input
sensitivity control, or conversely, an
external attenuator if the counter is too
sensitive. | plan to present a series of
attenuators and pads useful for rf
measurements and other applications
in a future column.

The material presented here is based
in part on Elements of Electronic In-
strumentation & Measurement by Joe
Carr, K4IPV, published by Prentice-
Hall/Reston at $23.95. Although out
of print, a limited number of hardback
copies are available from the author at
$15.00 postpaid. Contact J. Carr, POB

1099, Falls Church, Virginia 22041.
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ALL BAND TRAP
“SLOPER” ANTENNAS !
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TIC SELECTION with PROVEN Weatharproot
sealed Traps - 18 Ga Copperweld Wirs!
GROUND MOUNT SLOPERS - No Radials
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No. IOBOS 80-40-20-15-10—1 vop 49 ft.— $59.95
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Na. 08 —— 20 1 teap
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Qxl.u 'or aou(-gn atc) or order using VIS MASCARD -
c] Give Number Ex Date. Ph 1- 305-236-6333
wuokda s. We ship In 2-3 d-yn(Por Cks 14 days) Guaranteed
1 yr - 10 day money back trial.
WESTERN ELECTRONICS
Dept. AH Kaearney, Nebraska 88847

BEVERAGE ANTENNA
HANDBOOK

FULLY REVISED
Second Edition

BEVERAGE ANTENNA
HANDBOOK
by Vic Misek, W1WCR

Recognized around the world as the definitive work on
Beverage Antennas. WIWCR has spent countless
hours developing new antenna ideas and optimizing
the SWA (Steerable wave antenna.) Misek delves deep
into the secrets of the singie wire Beverage with heipful
hints and tips on how to maximize performance based
upon wire size, height above ground, overall length
and impedance matching. Also includes information on
center fed Beverages constructed out of several wire
types. CITY LOT OWNERS Note: Misek has developed
a Beverage for you too! Called the Micro-SWA, it is
just 60 ft long. You get excellent directivity and null
steering capabilities. Transformer design information
for both termination and feedline matching is com-
pletely revised. © 1987 80 pages 2nd Edition

COVM-BAH Softbound $14.95

Please enclose $3.50 for shipping and handling

_
0 BOOKSTORE GREENVILLE, NH 03048 603-878-1441
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*Complete Cable Assembly facilities MIL-STD-45208
*Commercial Accounts welcome- Quantity pricing * Same day shipping most orders
$Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber
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Price is 2.5 cents each (4-up Cheshire)

BUCKMASTER PUBLISHING
Mineral, Virginia 23117
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Call NEMAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable,
crimping tools, D-sub connectors, heat shrink, cable ties, high voltage connectors.

HARDLINE 50 OHM CONNECTORS-MADE IN USA

FXA12 1/2" Aluminum BIack JACKSL..............ovceecceeee. NE720 Type N piug for Beiden 9913 .........eeemun.
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1102 RGE/U 95% shield low loss UGB38 N jack to PL259 adapter, teflon
1110 RGEX 95% shield (mini 8) ....... C luG14sa s0239 to N plug adapter, teflon ................
1130 RG213/U 95% shield mil spec NCV Jit. A |UG255 50239 to BNC piug ndaptor, Amphonol.
L
L

SO239AM UHF chassis mt receptacte,Amphendi..........
GROUND STRAP-GROUND WIRE

1140 RG214/U dbl siver shid mil spec......
1705 RG142B/U dbl siver shid, teflon ins
1310 RG217/U 50 ohm 5000 walt dbl shid ..

1450 RG174/U 50 ohm 100" od mil $P8C ........... GS38 3/8" tinned copper braid C
GS12 1/2° tinned copper Draid ..........ccvereesssasrenens A
ROTOR CABLE-8 CONDUCTOR GS200 1-1/2" heavy tinned copper brald ..............
8C1822 2-18gR @1 2GR .ovooreeersrserersio HWO08 6ge’ insulated stranded wire L
8C1820 2-16g8 &N B-20G8 ...ooorvorrrorssr oo CALL | AW14 14ge stranded Antenna wire CCS ... L

3551 E Cable !371176 Connectors EM: Visa 7Fnst
Call or mfo for complete price list. Nemal's new 36 page CABLE AND CONNECTOR SELEC"ON GUIDE is available
at no charge with orders of $50 or more, or at a cost of $4 with credit against next qualifying order.

NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FL 33161
(305) 893-3924 Telex 6975377 24hr FAX (305)895-8178
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a diagnostic
serial data latch

Convenient method of
characterizing bit streams

| needed a convenient way to diagnose unsuccess-
ful communication between two serially linked devices
— a computer and printer, for instance. The setial data
latch {SDL) | built monitors bit-stream or byte-oriented
communication like RS-232.

Before developing the SDL, | used an oscilloscope
and forced repetitive transmission of some character
by one of the devices to confirm the number of data
bits, stop bits, and parity. Watching the voltage lev-
els on the oscilloscope trace to do this was inconven-
ient. The serial data latch catches one-time character
transmissions and makes monitoring the dynamic
transmission characteristics of the communication link
easier. Combined with a break-out box to watch the
more static ’handshaking’’ lines, it is possible to have
a complete system for determining the character of
serial communication.

Maost serial communication between personal com-
puters conforms to the RS-232C standard. The SDL
operation is described in terms of monitoring these sig-
nals. Any bit stream link may be characterized by
modifying output interpretation.

You'll need knowledge of RS-232 communication
to understand the descriptions in this article. Two
devices are used for RS-232 data transfer: Data Ter-
minal Equipment (DTE) and Data Communication
Equipment (DCE). The names DTE and DCE originat-
ed when terminals began to be linked via communi-
cation equipment {(modems) to large host computers.
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In the field of personal computers, such a distinction
may be superfluous and distracting’, but it is present.

Both DCEs and DTEs use DB-25 connectors 25
pin connectors with 12 pins on one row and 13 on the
next, numbered from 1 to 25. Theoretically, a DCE
should always use a female connector while the DTE
uses the male plug?.

Pins 4-6, 8, and 20 are used as data flow control
signals. Articles have been written on how to correctly
use these pins, but nonstandard methods abound in
personal computer systems®. The original standard
was designed for 110-baud {bit/second) terminals and
modems. With higher speed communications now
commonplace, a cleaner method of data flow control
(at least in terms of how many wires link the devices)
is to embed data flow requests in the data instead of
adding hardware. The XON/XOFF protoco! is one
method used by personal computer programmers.

With this protocol you need to connect only three
signal wires (see table 1). To tell if a device is acting
as a DTE or DCE, use a voltmeter to measure the volt-
age on pins 2 and 3, using pin 7 as the reference. One
should provide a significant reading; the other will be
somewhere near 0 volts. The pin transmitting the data
provides the voltage reading. This works whenever the
device is on — not just when it is ready to send or
receive data.

All data is carried on pins 2 and 3; the DTE trans-
mits on pin 2 and the DCE on pin 3. The functions
of the wires connecting the two are named with re-
spect to the DTE: pin 2 is called transmit data (TxD)
and pin 3 receive data {(RxD), even though each trans-
mits data from its associated device.

By Brian J. Mork, KA9SNF, 215 Paddock Drive
East, Savoy, lllinois 61874
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latch.

Table 1. RS-232 standard dictates that a zero data bit

(“space’’) be indicated by a voltage of 3 to 25 volts. A

one data bit {“mark”) is indicated by a voltage of —3

to — 25 volts (voltages are to be measured into an open

circuit load). Typically + 12 volts is used. The quiescent

state of a data line (no data being sent) is marking.

pin 2: Voltage controlled by DTE and monitored by DCE
(“TxD"’}

pin 3; Voltage controlled by DCE and monitored by DTE
{"RxD")

pin 7: reference for above two voltages

To transmit, by definition, is to control the voltage
on a wire. To receive data, the voltage is monitored.
All voltages are relative to pin 7 — the logical circuit
ground at both the DCE and DTE. Pin 1 of the DB-25
connector, the frame or chassis ground, should be
connected to the inside of the metal cabinet of the
computer or peripheral. Many times only three wires
are used; the pin 1 connection is neglected. If each
device is designed properly and powered with a
grounded three-prong AC plug, the level of commun-
ication link integrity and personal safety shouid be
acceptable.

Data is transmitted on pins 2 and 3 in a bit serial
format (one bit at a time). If ten bits need to be trans-
ferred, they are sent one after another at specific in-
tervals in a predetermined order. Each bit of data is
asserted for the bit time which is equal to the recipro-
cal of the bit/second (baud) rate. The SDL records
the voltage level on pin 2 or 3 {your choice) relative
to pin 7 at different times. The voltage level at these
times reflects the zero/one status of the bits of the
data being sent and the start and stop bits. The “differ-
ent times’’ are defined by a baud rate generator (BRG)
which, in this context, is a variable speed clock gener-
ating a frequency at 16 times the baud rate.

circuit description

Figure 1 shows a baud rate generator circuit capa-
ble of creating a 16x-out signal in the 1.2-t0-307.2 kHz
range for communication rates of 75 to 19,200 bits per
second.

The 4.9152-MH2z crystal combined with three invert-
ing gates of U8 provide a TTL (transistor-transistor log-
ic) compatible clock. Counters B, C, and D of U1
divide the signal by 8 and provide a 614.4-kHz sym-
metric clock at pin 11 of U1.

U2 and U3 are configured as down counters that
decrement on the rising edge of the 614.4-kHz signal.
At some point, the rising clock edge will cause them
to decrement to 0. As a result of the subsequent fall-
ing edge, pin 13 of U3 goes low causing the counters
to reload with a value set by the DIP (dual in-line pack-
age) switches SW0O-SW7. As soon as the counters
load, pin 13 output rises (the count is no longer zero},
causing counter A of U1 to toggle the Qp output on
pin 12. By changing the DIP settings, a variable fre-
guency symmetrical square wave is available as
16x-out.

The DIP switches can be interpreted as a program-
mable divisor. Take, for example, a divisor of 1. This
is the smallest divisor possible, and provides the fastest
16x-out frequency. On U2 and U3, a divisor of 0 (all
DIP switches closed) gives the same results as a divi-
sor of 1, but this mode of operation is not recommend-
ed. Dividing the 614.4-kHz signal by 1 provides a
614.4-kHz signal to counter A of U1, which divides
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April 29, 30, May 1, 1988

Early Reservation Information

« Giant 3 day flea market « Exhibits
» License exams ¢ Free bus service
» CW proficiency test * Door prizes

Flea market tickets and grand banquet tickets are
limited. Place your reservations early, please.

Flea Market Tickets

A maximum of 3 spaces per person (non-transferable).

Tickets (valid all 3 days) will be sold IN ADVANCE
ONLY. Mo spaces sold at gate. Vendors MUST order

registration ticket when ordering flea market spaces.

Special Awards

Nominations are requested for "Radio Amateur of the
Year’, ‘Special Achievement” and ‘Technical
Achievement' awards. Contact; Hamvention Awards
Chairman, Box 964, Dayton, OH 45401.

License Exams

Novice thru Extra exams scheduled Saturday and
Sunday by appointment only. Send FCC form 610
(Aug. 1985 or later) - with requested elements
indicated at top of form., copy of present license and
check for $4.35 (payable to ARRL/VEC) to: Exam
Registration, 8830 Windbluff Point, Dayton. OH
45458

Hamvention Video

VHS video presentation about the HAMVENTION is
available for loan. Contact Dick Miller, 2853 La
Cresta, Beavercreek, OH 45324

1988 Deadlines
Award Nominations: March 15
Lodging: April 2
License Exams: March 26
Advance Registration and banquet:
USA - April 4 Canada - March 31
Flea Market Space:
Orders will not be processed before January 1

Information

General Information: (513) 433-7720
or, Box 2205, Dayton, OH 45401

Flea Market Information: (513) 898-8871

Lodging Information: (513) 223-2612
(No Reservations By Fhone)

Lodging

Reservations received after Housing Bureau room
blocks are filled will be returned along with a list ¢
hotel/motels located in the surrounding areas of
Dayton. The reservation will then become the
responsibility of the individual.

HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc.

Lodging Reservation Form

Dayton Hamvention - April 29, 30, May 1, 1988
Reservation Deadline - April 2, 1988

Name
Address
City State Zip
Fhone

Arrival Date
( )Before 6 pm [ ) After 6 pm
Departure Date

Rooms: [ )Single ([ )Double (1 bed, 2 persons)
{ ) Double Double (2 beds, 2 persons)

Deposit required - Room deposit must be paid directly to
the hotel or motel by date shown on the confirmation form
sent to you, Use canceled check for confirmation.

Mail to - Lodging Dayton Hamvention, 1880 Kettering
Tower, Dayton, OH 45423-1880

(ALVYVJIS ASYI1d)

I SN S S— — — — S — — — T — — — — V—  — — — — — — —— — — — — — — —

Advance Registration Form

Dayton Hamvention 1988
Reservation Deadline - USA-April 4, Canada-March 3

Name

Address

City State Zip

How Many

Admission @ $8.00" $
(valid all 3 days)

Grand Banquet @$16.00** 9

Women's Luncheon
(Saturday) @ $6.75 $
(Sunday) _______@%6.75 $

Flea Market $23/1 space
(Max. 3 spaces) $50/2 adjacent
Admission ticket must $150/3 adjacent $________

be ordered with flea market tickets  Total $
* $10.00 at door ** $18.00 at door, if available

Make checks payable and mail 5.A.S.E. to -
Dayton Hamvention, Box 2205, Dayton, OH 45401



Have you been trawling the bounding main for a new product? We have just
netted it—the TP-38 microprocessor controlled community repeater panel which

provides the complete interface between the
repeater receiver and transmitter. Scuttle

=
individual tone cards, all 38 EIA standard il ey o N

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, as a matter of fact the only $589.95 DTMF module

additional option is a DTMF module for $59.95. This module allows complete $149.95 Digital CTCSS module

offsite remote control of all TP-38 functions, including adding new customers or

9

deleting poor paying ones, over the repeater receiver channel, , wi!h

Other features include CMOS circuitry for low power consumption, non-volatile .‘ai hl‘- )
memory to retain programming if power loss occurs, immunity to falsing, pro- N()W av 1"‘(_1,?%S
grammable security code and much more. The TP-38 is backed by our legendary l)l‘ll[a .

I year warranty and is shipped fresh daily. Why not set passage for the abundant waters
of Communications Specialists and cast your nets for a TP-38 or other fine catch.

COMMUNICATIONS SPECIALISTS, INC. @@
MW 426 West Taft Avenue » Orange, CA 92665-4296

Local (714) 998-3021 « FAX (714) 974-3420 -

. Entire US.A. 1-800-854-0547 P
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fig. 3. Clocking and display logic schematic.

RESET (N.C.)

the frequency by 2 to provide a symmetric 307.2 kHz-
signal as 16x-out. This is 16 times the fastest baud rate
commonly used with personal computers: 19,200
baud. Divisors for other baud rates can be found in
table 2. For nonstandard baud rates, use the formula:

19200

DIVISOR = m

Round the divisor to an integer, convert it to binary
notation® and set it on the eight DIP switches. SW0
is the least significant bit (LSB} and SW7 the most
significant bit (MSB).

Single chip programmable clocks are available and
might replace the 3-1/2 chip baud rate generator
described above. | designed the BRG using ICs | know
are commonly available.

The input section shown in fig. 2 conditions the TTL
or RS-232 data from one of three data sources and
provides normal and inverted data outputs.

The transistor buffers the nominally 12 volt data
lines, inverts the polarity and converts the signals to
TTL compatible voltage levels. If nothing is connect-
ed to the DB-25 connectors, the transistor outputs
marking status. The schematic calls for an MPS3394,
but most NPN signal transistors will work.

The optional TTL input is twice inverted and wire-
ORed with the transistor output. The double inversion
attempts to preserve most of the noise immunity of
the TTL gates by providing a locally (inside the SDL
box) generated clean signal. Special noise considera-
tions are needed because of the known voltage drop
of the diode between U8e and U8d. Almost any ger-
manium signal diode can be used in this application.
The schematic calls for a TN34A.

Using a transistor and a diode OR gate sacrifices
simplicity as compared to RS-232 receiver/voltage
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converters like the Motorola 14893 and a TTL OR gate.
But, the circuit as shown can accept both TTL and
RS-232 signals with ‘“automatic selection’” — plug in
the one you want to use.

The remaining circuitry (fig. 3) provides clocking
logic and latches the data to be displayed on the LEDs.
USa and USBb act as a flip-flop. When the input data
goes low {(a start bit), the flip-flop output is reset low,
releasing U4a to count pulses from 16x-in. U4a is con-
figured as a divide-by-16 counter providing a symmet-
ric Qp output equal to the baud rate.

Halfway through the bit time (eight oscillations of
the 16x-in), Qp goes high, causing U6 and U7 to shift
in new data. After the full bit time, Qp goes low and
U4b increments by one. Halfway into the next bit time,
Qp goes high again and shifts in the next data bit.
This shift-and-count continues until U4b reaches 12
{both Q¢ and Qp outputs go high). U5d causes the
flip-flop to go high, holding U4a in a cleared state. The
data line may continue to change, but no more data
is shifted into the LED shift registers. Opening the reset
switch clears U4b, allowing the next start bit to cause
12 more bits to be latched.

The latched, inverted data is displayed on the LEDs
by using the parallel outputs of the shift registers. If
the data bit was a 1 (inverted data was low TTL) the
corresponding LED will light. | call for 300-ohm cur-
rent limiting resistors in the schematics, but used
390-ohm resistors because they were available. You
can get a brighter display by lowering the resistor
values to a minimum of about 100 ohms.

The power is supplied by a 1/2 ampere {minimum}
5-volt supply. | used a three terminal fixed-voltage
regulator (7805) based circuit, but you can use any
equivalent power supply. If you choose a 7805, mount
it on a heat sink as it will be sourcing current near ca-



Table 2. DIP switch settings for common baud rates.
See the text for calculation of settings for non-standard
baud values

Bits/second DIP switch settings

(baud rate) (76543210)
75 11111111 (1 = open)

110 1010111

300 01000000

1200 00010000
2400 00001000
4800 00000100
9600 00000010
19200 00000001

Table 3. Power connections, ground connections, and
unused pins for all ICs.

type +5 volts Ground Not connected

ul 7493 5 10 4,6,7,89,13
Uz 741N 16 8 2,3.6,7,12
u3 74191 16 8 2,3.6,7.12
U4 74393 14 7 3,4,5,10.11
us 7400 14 7 8.9,10

U6 74164 14 7 none

U7 74164 14 7 10,11,12,13
us 7404 14 7 nong

My version of the SDL was built on three perfboards. The
largest holds the power supply and clocking logic of fig. 3.
The long thin LED display board, the BRG (with the block of
dip switches), and all ““external” connections branch off this
main board. The BRG board also supports the slide switch
shown in fig. 2

pacity and getting warm. There is more information
available about the 7805 or alternate designs®.

construction

Everybody has his way of constructing an electronic

project. | won't tell you how I'd do it if | were you,
but to aim beginners in the right direction, some gener-
al comments are in order.

I've had success with perfboard construction using
a hybrid of solder and wire-wrapping. As you see in
the construction photo, | made three separate boards
linked by ribbon cables. Be generous with connectors.

First lay out large components like power supply
parts and IC sockets; then solder power supply con-
nections to all sockets and other durable components
(capacitors, pull-up resistors, LEDs) that aren’t easy
to wire-wrap. Before installing additional components,
check for proper application of power to this sub-
assembly. Testing after the framework of the circuit
is established prevents most damage. A voltmeter can
be used since the voltages are not time dependent.
Once the basic layout works, solder any “‘off-board"’
wiring (to the reset switch and DB-25 cable) to posts
inserted in the perfboard. Finally, wire-wrap the rest
of the connections and install the ICs.

Solder provides low resistance paths for the high
current connections, with immunity to noise and TTL
switching transients. If a mistake is made, it's easy to
correct because the boards are uncrowded by signal
wires. On the other hand, wire-wrapping allows for
easy correction or modification of signal wires.

The power and ground connections, and the IC pins
to be left unconnected, are given in table 3. All resis-
tors should be 1/4 watt. Switch SW8 works best as
a slide switch. The LED and DIP switch pull-up resis-
tors take less room if put in single in-line packages.
The RS-232 connections should use two DB-25s (one
male, the other female). | made other external con-
nections using a female miniature header. A two-piece
aluminum box holds the circuitry but almost any en
closure is suitable. Other circuit details are found on
the schematics.

operation®*®

The first half of this section describes how to set
up the BRG/SDL for use; the second explains how
to interpret the information. Normal setup of the SDL
involves plugging it in, providing a clock signal, and
connecting it to a data source or between two devices
(it passes the data unaltered). Block diagrams of differ-
ent ways to use the BRG/SDL are shown in fig. 4.

The data to be latched may come from one of three
places: pin 2 or 3 of the DB-25, or the TTL input.
RS-232 compatible voltage levels must be provided to
either the male or the female connectors (see table
1) if pin 2 or 3 or the DB-25 is used as a data source.
Either connector may be used as input and the other
is then available as output. With switch SW8 you can
monitor either the DTE or DCE transmissions (pin 2
or 3, respectively).

The TTL input won’t normally be used, but does
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allow direct connection to the TTL compatible serial
outputs of universal asynchronous receiver-
transmitters (UARTS) like the 8250 or 8251 (avoiding
the hassle of converting to RS-232 signals if they ar-
en’t otherwise available). The TTL input is measured
against the SDL common (pin 7 of the DB-25 or equiv-
alently the TTL-gnd input). Quiescent TTL data line
state is high or “’marking’’ with the start pulses going
to low or ““spacing’’ status.

You should connect either an RS-232 or TTL source.
If you connect both, the circuit will not be damaged,
but the results on the LED display may not be as
described below.

Connect the 16x-out and 16x-in to use the internal
BRG (figs. 4A, 4C, and 4F). To use an external clock,
leave 16x-out disconnected and connect the clock to
16x-in. Be sure to provide a good voltage reference
for the TTL-compatible clock input. If the clock is rela-
tive to the same logic ground as pins 2 and 3 (the two
grounds are connected inside the peripheral or com-
puter and are available on pin 7) and the DB-25is con-
nected, you only need one wire. You can often access
the 16x clock by taking the cabinet cover off the data
source (your computer or other device) and connect-
ing 16X-in to an appropriate integrated circuit pin (pin
9 of an 8251 operating in the 16x mode® or pin 15 of
an 8250, for example). This is shown in fig. 4B. If the
clock ground and pin 7 ground aren’t connected via
the DB-25 connector, two wires must be carried from
the clock source (figs. 4D, 4E, and 4G). In this case,
connect the clock reference to the TTL-gnd input
{(which in turn is still connected to pin 7 of the DB-25
connector inside the SDL). Although this project al-
lows the versatility of external clock sources, the in-
tegral BRG is normally used.

You must set the eight-pin dip switch to use the in-
ternal BRG. Settings for common baud rates are
shown in table 2. A formula for nonstandard baud
rates is provided in the circuit description section of
this article.

After setting up the clock and data sources, plug
in the SDL. No switch is provided — the SDL is al-
ways on. The LEDs show random on-and-off status
and data input will be ignored. Reset the SDL by press-
ing the reset button. As soon as the data line goes
to spacing status, a start bit is occurring, and 12 con-
secutive bits will be latched to the display.

When accepting RS-232 data, the LED on the far
right should always be off, corresponding to the start
bit, which is sensed when the data line goes from
marking to space status. If it is on, either the SDL is
malfunctioning, the baud rate of the transmitter is too
fast, or the BRG is set too slow. This happens because
subsequent data bits arrive too rapidly and get latched
as the start bit.

Moving from right to left, the next eight LEDs re-

flect the data sent (assuming 8 data bytes — other-
wise the next seven LEDs for 7 bits of data, and so
on). Since the LSB is always sent first by RS-232 stan-
dard, the bit next to the start bit is the LSB. By refer-
ring to an ASCII table, you can determine what data
was sent by the computer.

alt

16X 1N 16X -Qur PRINTER

COMPUTER

(OR OTHER :::)==:=:

DATA SOURCE)

b) E_—ﬂ

16X-1N

c)

16X -IN t6X-0UT

d)

16X -IN

TIL-IN TTL-GND

e) cLOCK
SOURCE

I6X-iN

TTL-IN TTL-GND

16X-IN 1§X-0UT

TIL-N TTL-GND

I6X-IN

TTL-GND

fig. 4. lllustration of several possible methods for using
the SDL/BRG. Probably the most common setup is
shown in A. See text for more complete setup in-
structians.
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fig. 5. ([A)Condition of an RS-232 data line sending the
word “"'ON" as fast as possible at 1200 baud with B data
bits, no parity bit, and 1 stop bit. (B)Condition of the 12
SDL LEDs if the above data was received after reset.

An unknown transmission rate can be determined
if it is a “standard’’ one (as listed in table 2). To do
this, set the BRG for 19,200 baud. Reset the SDL and
send a delete character (all data bits are mark status

opposite from the start bit) through the latch. The
first data bit LED (the one just left of the start bit) may
be on or off. If it is off, the device is transmitting slower
than 19,200 baud. Move the DIP switches to the 9600
baud positions. Reset the SDL and send another de-
lete character. Continue decreasing the baud rate un-
til the first data bit LED goes on. This corresponds to
the standard baud rate being used by the data source.

To the left of the data bit LEDs is the stop bit dis-
play. It will be on. The stop bits (there must always
be one or more) serve two functions:

*a time delay to allow the UART to collect bits into
a coherent byte and make it available to the peripher-
al controller,

eto force the data line to a status different than the
next start bit.

If there were no stop bits and a character ended with
the line in start bit status, you could not tell when the
real start bit of the next character was sent. When the
next character's start bit immediately follows the stop
bit, the stream of characters is moving at its highest
speed — see the diagram for sending the word “ON"’
(ASCIl decimal values 79 and 78 or 01001111 and
01001110 in binary) in fig. 5A. The stop bit(s) follow
the start bit at different times depending on how many
data bits there are. A parity bit, if there were one,
would appear between the data and the stop bit and
shift the stop bit one more bit time later.

LEDs left of the stop bit are extras and normally
match it (are on). If these LEDs are off, another start
bit was latched. For example, if the SDL were reset
and the word “ON’* was sent as in fig. BA, you would
see the LED pattern shown in fig. 5B.

By sending different characters and monitoring the
LEDs, you can use the SDL to determine a baud rate
and confirm the presence of start, stop, and data bits.
Verifying the operation of a communication link is of-
ten part of solving a larger problem, and this device
allows you to confirm or rule out a problem in this area.

If you build an SDL using my design or your own
I'd love to hear from you. If you have any questions,
just write. Please include an SASE if you want a reply.
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microwave compohents
and terminology: part 2

Last month we talked about rapid
changes in the state of the art (SOA)
— some older microwave components
are either becoming extinct or moving
much higher in frequency. Because
their names, usefulness, and modes of
operation are often lost during times
of transistion, the March and April
columns are devoted to them.

In March our primary focus was
microwave transmission lines and
waveguides. This month we will dis-
cuss other microwave components
and terminology.

couplers

There are many types of couplers
used to monitor and couple energy
into or out of a transmission line. The
simplest are bidirectional and nothing
more than voltage dividers using resis-
tors, capacitors, or transformers as
shown in figs. 1A, 1B, and 1C,
respectively. In each case the value of
the component can be adjusted for the
desired coupling factor.

Bidirectional couplers are conven-
ient for reducing power and monitor-
ing the signals on a transmission line

fig. 1. Simple bidirectional couplers (A}
resistive divider. R, sets coupling fac-
tor; R, may be used to stabilize level,
(B} capacitance divider. C, sets
coupling: R, lif needed) may be used to
stabilize level, {C) transformer divider.
Either tapped or conventional transform-
ers are usable.

with little or no insertion loss to the
primary source. The main disadvan-
tages are that the output level is often
inaccurate and varies with component

VHF/UHF WORLD

Joea Reisaert, WIJR

value choice and VSWR on the main
line.

Directional couplers, useful from hf
through microwave, consist of two
transmission lines loosely coupled
together in such a way that a wave
traveling in one direction in the main
line excites a unidirectional wave in the
other line. On the hf and VHF bands,
hybrid couplers are fabricated with
special transmission line transformers.

The difference in the rf level be-
tween the main line and the coupled
port is called the coupling factor. It is
usually specified in dBs, and easily
controlled. Typical coupling factors are
between 10 and 40 dB. The lower the
coupling factor, the greater the power
loss through the coupler. For instance,
a 10-dB hybrid coupler would have an
insertion loss of at least 0.45 dB and
a 20-dB coupler only 0.05 dB.

In an ideal directional coupler, waves
propagate in one direction as shown
in fig. 2A. Isolation between the out-
put and the uncoupled ports is referred
to as “‘directivity”’ and expressed in
dBs. High values of directivity imply
better performance, with an ’average”
coupler exhibiting 20-25 dB directivity
and a superior unit 30-40 dB.

At UHF and below, directional coup-
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fig. 2. Directional couplers {A) Typical
unit. (B) Simple directional coupler.
Distances X and S determine coupling
factor as explained in text. {C) Quarter
wavelength directional coupler. Dis-
tance S determines coupling factor. {D)
Quadrature or 90 degree directional
coupler. (E} Branch line 90 degree
coupler. (F) Lange 90 degree coupler for
microstrip applications. (G) Rat race
180 degree coupler. (H) Wilkenson in
phase power divider.

lers are often made up of coupling
loops or short wires placed in the
vicinity of a transmission line (see fig.
2B). Coupling is a function of the
length (X) and spacing (S) of the
probes to the main or inner conductor
of the transmission line. Longer coup-
ling lines {up to 0.25 wavelengths) and
closer spacings (to the main transmis-
sion line, X) equates to higher coupling
to and loss through the main line.

If the coupling line is very short, it
takes the form of a magnetic {current)
coupling. When it is long, typically
0.1-0.25 wavelength, it is an electric
{(voltage) coupling. The “monimatch’’
is a magnetic type of coupler which is
usually more frequency sensitive and
has only moderate directivity.?3

The quarter wave (fig. 2C)* is the
most common directional coupler used
in the UHF and microwave region. It
has a very constant output over ap-

proximately 30 percent bandwidth.
Throughout this range the output and
directivity of the coupled port are
steady. Some construction examples
are described in references 4 and 5.
Quarter-wave couplers can also
operate at the third harmonic, so a
432-MHz coupler is probably useful at
1296 MHz. Commercial couplers are
sometimes designed with multiple
coupled sections in tandem, allowing
them to work over extended frequency
ranges. This kind of directional coupler
usuatly has higher insertion loss and is
considerably larger (in length) than
narrower bandwidth types. Also note
that many couplers are terminated in-
ternally and appear outwardly to be
only three-terminal devices.
Couplers have many uses: one is to
monitor power. Figure 3A shows a
coupler used as a wattmeter monitor-
ing the output of a transmitter. Figure

3B shows how a directional coupler
can be used to monitor VSWR.®

The injection of local oscillator sig-
nals into a mixer is another microwave
application for directional couplers (see
fig. 3C). Couplers can also be used as
output levelers for moanitoring fre-
quency, and on a system'’s input for
signal or noise injection.

quadrature couplers

The quadrature, or 90 degree, is a
special type of coupler often referred
to as a 3-dB coupler. Its outputs are
equal in amplitude, but 90 degrees out
of phase {fig. 2D). When first in-
troduced, quadrature couplers consist-
ed of two very tightly coupled guarter-
wavelength lines. In the simplest phys-
ical configuration, they were two very
tightly coupled transmission lines (usu-
ally striplines) sandwiched together
and separated by a thin dielectric.®

Other UHF and microwave equiva-
lents like the Wireline™, branch-line,
and Lange couplers are now popular
since they are easier to build.”8%°
Sage Labs developed Wireline to pro-
vide a unique line section that can be
conveniently cut to the proper length.
It looks like a piece of shielded twin
lead with the wires separated only by
their enamel coating.

The branch-line coupier is shown in

a)

INPUT FROM TEN
TRANSMITTER DIRECTIONAL TO ANTENNA
‘____1 COUPLER 500 TERMINATION

TO POWER
METER/DETECTOR

b)

INPUT FAOM
TRANSMITTER

OIRECTIONAL [ T0 ANTENNA

COUPLER 70 POWER

METER/DETECTOR

s0n
TERMINATION

c)

RECEIVER
INPUT —

CRI

= !
DIRECTIONAL
COUPLER & oureur

300 LOCAL OSCILLATOR
TERMINATION INPUT

fig. 3. Coupler applications. (A) Trans-
mitter power monitor. {B) A VSWR mo-
nitor. {(C} Mixer application. CR, is a
mixer diode. Directional coupler is typi-
cally 7-10 dB, hence the local oscillator
power must be increased by a similar
amount.
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fig. 2E.2 It is easy to construct, espe-
cially in microstrip. The Lange coupler,
fig. 2F, was developed for applications
where a small quadrature coupler was
required in hybrid circuits.

Quadrature hybrids are popular for
generating circular polarization and
combining power amplifiers.6# Other
applications and examples are describ-
ed in references 7 through 10.

hybrids

The hybrid coupler is usually a
device with either in phase (0 degree)
or out of phase (180 degree) outputs.?
The “rat race”” shown in fig. 2G™ is
a common microwave version often
used in balanced mixers.

Another hybrid is the Wilkinson in-
phase power divider that provides two
in-phase outputs of equal power level
in isolation from each other. It is used
where dual outputs are required, as in
local oscillators and transmitter pow-
er division and addition."

circulators and isolators

Circulators and isolators may be
among the most interesting microwave
components. The basic configuration
is called a circulator — a three or more
port nonreciprocal device using micro-
wave ferrite material and operating on
the principle of Faraday rotation.

The basic coaxial microwave circu-
lator has three 50-chm ports illustrat-
ed in fig. 4A. RF entering port A
travels in only one direction {clockwise
as shown) to the adjacent port, B, with
very low attenuation, typicaily 0.1-0.2
dB. If there is any mismatch to the
device connected at port B, it will be
reflected to port C. Any impedance
mismatch at port C will cause a reflec-
tion back to port A and so forth, al-
ways traveling in the same direction.

Circulators are used to provide good
impedance termination to a receiver or
transmitter. To do this, the third or C
port is terminated with a well-matched
50-ohm load (see fig. 4B). In this con-
figuration it is referred to as an isola-
tor. The (reverse) isolation of a typical
isolator is approximately 20 to 30 dB.

Figure 4C shows a typical receiver
application that uses an isolator. Here
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fig. 4. Circulators and isolator applica-
tions. (A) Typical circulator. (B) Typical
isolator with internal termination. (C)
Niethod to isolate receiver input from an-
tenna using an isolator. (D) Method us-
ing isolator on output of a solidstate
transmitter to lessen the possibilities of
generating intermods see text. (E} Circu-
lator used as a T/R switch. (F) Typical
method of injection locking through a
circulator as explained in text.

both the antenna and the receiver
always see a good impedance match
regardless of the actual device VSWR.
Figure 4D shows how to use an iso-
lator in a transmitter application. The
advantage is that the antenna VSWR
can degrade significantly without
affecting transmitter operation.

The arrangement in fig. 4D has
another very practical Amateur appli-
cation. FM repeaters are often locat-
ed where there are high levels of rf,
especially when the antenna is co-
located on a tower with other transmit-
ting antennas. Any rf entering the out-
put of a transmitter, especially one
with a solid-state final, will cause non-
linearities in the output stage and may
result in the generation of spurious
outputs that look like other transmit-
ted signals. Though a problem in the
early days of fm repeaters, this has

been significantly improved using
ferrite isolators.

The use of a circulator in a TR
(Transmitter/Receiver) configuration is
shown in fig. 4E. If there is sufficient
isolation between ports, mechanical
T/R relays are not required. Even if
relays are required, the circulator will
increase the isolation and thus the pro-
tection of the receiver.

Figure 4F shows the stabilization of
free-running transmitters using the
principle of injection locking. A stable
source (typically a crystal oscillator
driving a multiplier) is coupled through
a circulator, resulting in a stabilized
transmitter.

microwave amplifiers and
oscillators

Older types of microwave amplifiers
and oscillators abound.’? Many use
vacuum tubes and were developed
primarily as components of RADAR
systems because the triodes, pen-
todes, and similar available tubes had
long transit times. Newer tubes often
used the transit time in achieving their
normal operation. Earlier microwave
vacuum tube types were the klystron,
TWT (traveling wave tube), BWO
(backward wave oscillator), and
magnetron,

The Varian Brothers invented the
klystron prior to World War Il. The
basic amplifier form has an input cav-
ity resonator (called the buncher), a
field-free drift space, an output cavity
resonator (called the catcher), and a
collector electrode.'? It requires a
rather elaborate biasing scheme with
floating supplies.

Klystrons are primarily used above
500 MHz and can vyield high linear
power gain (20-40 dB) at very high f
power levels at 30 to 40 percent effi-
ciency in CW, SSB, or pulse modes.
High-power klystrons are used by
some Amateurs for power amplifica-
tion on 1296 and 2304 EME.

The reflex klystron is a single cavity
klystron configuration with a repelier.
Often used as a low-power 1 to 20 mil-
liwatt oscillator, reflex klystrons were
popular in the early microwave days as
local oscillators, pumps, and transmit-
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Morgan Hill, CA

NEW IMPROVED HEAT SINKS FOR
ALL MIRAGE AMPLIFIERS

One of the biggest problems with transistor
amplifiers is thermal overload — during ex

tensive key downoperation the amplifier will
shut down due to excessive transistor heat
build up. MIRAGE'S new heat sink uses a
special manufacturing process to imbed cop-
per in the aluminum body. Copper is 2.5
times more conductive than aluminum and
ensures more rapid and even heat dissipation
throughout the heat sink. By reducing the
amount of heat in the amplifier, transistor life
has been significantly improved. The extra
margin of safety means you don't have to
worry about shut down during long winded
FM conversations or RTTY operation.

Fact Sheet

Morgan Hill, CA

NEW 360 WATT 2METER AMPLIFIER
Here's a new amplifier active 2 meter oper-
ators will want! Designed with the DX’er in
mind, the new B3036 amplifier gives a full
360 watts output with just 30 watts of drive
power. Also includes a low noise (.5dB)
GaAs FET pre-amplifier with a helical
resonator front end. Uses MIRAGE'S new
copper/aluminum high dissipation heat sink
with built-in fun for extra protection and heat
transfer. The unit measures approximately
13" x 5% " and 1s powered by 13.6 volis DC
at 40 amps. Carries the MIRAGE five year
warranty, one vear on ransistors.
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Morgan Hill, CA

HEAVY DUTY BOOM FOR LARGE HF
ANTENNAS

Designed to meet the challenge of the
severest of weather conditions, KLM now
offers a heavy duty boom for its line of HF
antennas. The boom s a 3" diameterby 25"
will size piece of aluminum. Instead of
swedged ends to join pieces, the heavy duty
boom uses splice sections that insert into the
boom. The splices are made from the same
rugged aluminum as the boom and are de
signed to meet or exceed the most demand-
ing Amateur requirements. Contact your
KLM dealer for this special order item,

ARAIEE kim

COMMUNICATIONS EQUIPMENT,INC.

P.0. BOX 1000
(408) 779-7363

(800) 538-2140 (outside CA)

MORGAN HILL, CA 95037
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Miake Checks Pavable To:

QSO PRO

Easy-To-Use Logbook
Program For Your
MS-DOS®  Compatible Computer

* Complete Cursor Control

* Room to store complete
address information

* A Real-Time Log

* Total QSL's by State

* 900 QSO's on floppy, hard

disk limited by space available

See us at Daylon
Booth 447.

$3995*

*Ohio resident must add
5% sales tax.

ﬁ ) MORLAN SOFTWARE

1O, Box 2400
East Liverpool, Ohio 43920-2400
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Generate
Your Own
Electricity

undreds of
satshed owners
ate now using the WINDSTREAM® WIND
GENERATOR 1o provide power for BVs, weekend
coltages. boals Nlh.&f:l’_{a‘:\ -’F_’-T-‘ﬂe loCahons, emes
Qency Dack up power and mucn more
Portable — wesghs onl ,Lﬂ Ibs r}l,l nstalied wih ouf
comprehensive instaliahion manual— minimum mainten
ance—lull warranty

Thermax Corporation H
P.0. Box 3128, Burlington, VT 05401-3128
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GENERATE YOUR OWN
AMATEUR RADIO
EXAM

ALL ELEMENTS

Use MS-DOS, IBM compatible,
computers

$19.95 per element post-paid
SEE US AT DAYTON
contact:

DeVRY AMATEUR
RADIO SOCIETY
3300 N. Campbell
Chicago, ILL 60618
(312) 929-8500 ex 2221

Novice through Extra with the
latest Exam syllabus questions.
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ters. The klystrode, a more modern
version of the tube, is a single cavity
klystron with lower gain but higher
efficiency.

The TWT's invention was first an-
nounced in 1946, but the tube was not
available commercially until 1949 when
Varian Associates released an S-band
(2-4 GHz) amplifier.2'3 |t differs from
conventional tube amplifiers in many
ways. First, the power supply positive
terminal is grounded. All the control
elements of the tube (filament, cath-
ode, grid, anode, and helix) must be
floated with respect to the collector,
which is at ground potential. DC vol-
tages are usually regulated and often
in the 1 to 2,000 volt range. Gain is
very high, 30 to 50 dB, and typically
flat over an octave bandwidth (e.g.,
2-4 GHz).

The TWT can be designed as either
a moderately low noise figure (3-7 dB)
amplifier or a linear power amplifier. for
transmitters with power outputs ex-
ceeding 100 watts up through 10 GHz.
Many TWTs are being replaced (at
least at lower power levels) by SOA
solid-state amplifiers because of the
complexity of the power supply, mod-
erate size, and high cost. This is a
boon to Amateurs who often find ““ob-
solete’” TWTs on the surplus market!
These tubes have recently been used
as transmitter output power amplifiers
for Amateur EME records on 3.4 and
5.6 GHz."*

The BWO, sometimes called the
Carcinotron, arrived in 1963."2 An out-
growth of the TWT amplifier, it is in-
herently a low output power (1-10
milliwatts) oscillator. Its name, back-
ward wave oscillator, reflects the fact
that electrons travel in a direction
opposite from that in which the wave
is propagated.

BWOs can be used at extremely
high (100 GHz) frequencies. They are
not too prevalent in the Amateur
market but were widely used as the
tuneable local oscillator in the early
spectrum analyzers.

Many Amateurs are probably famil-
iar with the magnetron — the typical
power source in the 2450-2500 MHz
microwave ovens found in today’s

kitchens. Primarily an oscillator that
can be used either in CW or pulse
modes’'®, it played an important part in
the development of high-power levels
for the early radars.

in the magnetron, the electron flow
from the cathode to the plate is mainly
influenced by a magnetic field applied
perpendicular to the cathode-anode
path and by the field effects produced
by the anode cavities. It uses large
magnets, high voltages, and is usually
operated in the pulse mode. However,
as discussed in reference 15, the type
in consumer microwave ovens is not
suitable for Amateur operations.

microwave solid-state
amplifiers and oscillators

Solid-state devices, like vacuum
tube microwave amplifiers, are widely
used although they appeared later.
Most applications use one of the many
types of microwave diodes discussed
in references 16 and 17.

The earliest solid-state microwave
applications were mixers and detec-
tors, first with germanium, and then
silicon and gallium arsenide diodes.
Development of the paramp (paramet-
ric amplifier), or negative resistance
amplifier, followed using varactor
diodes.'” The late Sam Harris, W1FZJ,
was influential in creating paramps for
the Amateur.'® Noise figures as low as
1.0 dB were reported for the first time
making EME possible on 1296 MHz.

The paramp uses a pump or extra
oscillator typically operating at five to
ten times the amplifier frequency.
Amateurs first used low-power reflex
klystrons, and later Gunn diode oscil-
lators {reference 17). Microwave circu-
lators made paramps more stable by
providing a good impedance match
regardless of the load.

Microwave tunnel diodes (Esaki di-
odes) were also used as microwave de-
tectors and oscillators. They were
subsequently developed into negative
resistance amplifiers, but the noise fig-
ures were only moderate and the dy-
namic range was poor. Most microwave
arnpliﬁers and oscillators now use sili-
con bipolar transistors, GaAs (Gallium
Arsenide) FETs, and HEMTs, 1020

other microwave diode
applications

Diodes can be used as multipliers.
Common types are varactors and SRDs
{step recovery diodes). Noise diodes can
be used for testing the sensitivity or
noise figure of amplifiers. Limiter diodes
are common in the microwave region
as protection for other solid-state de-
vices. This is particularly important since
mechanical relays have less isolation at
higher frequencies."’

filters and filter elements

Discrete components like coils and
capacitors are normally used on fre-
quencies up through UHF, but as you
go higher in frequency, capacitors often
become inductive. Low values of induc-
tance are also difficult or impossible to
realize. For these reasons cavity-type
filters became popular in the microwave
region. Figure BA shows a re-entrant
cavity. The capacitor is often eliminat-
ed by adjusting the length of the induc-
tor or center element.

Waveguide is often used as you go
higher in frequency. Multiple section
filters can be fabricated by placing par-
titions in a waveguide. Holes or cutouts
are made to couple energy between
sections; these openings are called
irises. Screws or tuners are placed in the
walls of the waveguide to tune the ele-
ments (reference 21).

Other filter elements are evolving.
One is the YIG (yttrium iron garnet)
sphere — a small resonant crystal struc-
ture that can be electronically tuned
through the application of a magnetic
field. The SAW (surface acoustic wave)
resonator made from crystals is another
being used for filters, replacing crystal
resonators. It typically operates between
50 and 1000 MHz. Of more recent pop-
ularity are dielectric resonator materials
used in DROs (dielectric resonator oscil-
lators) or in tuners, as shown in fig. 5C.

microwave power
measurement

It is frequently necessary to determine
microwave power levels. At very low
levels (less than 10 milliwatts) this is
often done with detector diodes as
described in reference 17. At higher
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levels, a diode detector can be placed
at a lower power level using a directional
coupler as in fig. 3A.

Several other devices were developed
1o accurately measure microwave power
up to the 100 milliwatt level. One, the
bolometer (a resistor with a high tem-
perature coefficient of resistivity), is
usually mounted in a probe and con-
nected to a bridge circuit which senses
the rf power levels. Common bolo-
meters are the thermistor, a resistance
element made of a semiconducting
material with a negative temperature
coefficient; and the barretter, a metallic
resistor with a positive temperature
coefficient. They are used with detec-
tion circuitry that senses resistance
change versus power level.

The calorimeter is another instrument
used for microwave power measure-
ment up through 10 watts. Usually a
self-contained unit without an external
probe, it detects heat through a self-
balancing bridge that has identical tem-
perature sensitive resistors in each leg.

microwave frequency
measurement

Wavemeters were used to measure
microwave frequencies before the ad-
vent of accurate meters. Two basic
wavemeter types are the absorption and
reflective. The absorption type usually
has a resonant filter and built-in detec-
tor which could consist of a frequency
calibrated re-entrant cavity (see fig. bA)
inserted in the test setup in fig. 6A and
followed by a diode detector.

Reflective wavemeters are still used,
especially at microwave frequencies.
They are usually made up of a tuned cir-
cuit lightly coupled to a waveguide {fig.
6B). When tuned to the operating fre-
quency, they extract a minute amount
of power causing a slight power drop
in the main line. Because of its appear-
ance, this wavemeter has been nick-
named the “‘coffee grinder”.

Lecher and slotted lines are two other
kinds of microwave frequency measure-
ment gear. Lecher lines are primarily
reserved for the VHF and UHF frequen-
cies where balanced lines are used.

The slotted line is practical in UHF
and microwave regions and can be
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fig. 5. Typical filters and resonators. {A)
Cavity quarter wavelength filter either
inductive or capacitance coupled. (B)
Waveguide filter using iris coupling. (C}
FET oscillator using dielectric resonator
to stabilize frequency.

found at flea markets (see fig. 6C). It
is made up of a detector and narrow slot
cut in a coaxial line or waveguide. A
detector probe is inserted a short dis-
tance into the slot {and hence the line)
to extract a small amount of rf power.
If there is a slight impedance mismatch
on the line, the probe can be moved
back and forth between the voltage
peaks. The physical distance traveled
can be measured and converted to
frequency.

impedance matching

Impedance matching is a big
problem, especially at microwave fre-
quencies. Old-timers will jokingly say
that they used to tune a waveguide by
denting it with a ballpeen hammer —
believe it! Nowadays screws or dielec-
tric strips are often placed in waveguides
or near a transmission line. Many of
these techniques are explained in refer-
ence 21.

Discontinuities, imperfections, imped-
ance changes, connectors, and fringing
effects are particularly troublesome on
the microwave frequencies because the

wavelength is so short. As a resuit,
greater attention must be paid to minor
details, especially rf connectors.?2?

An older type of waveguide imped-
ance matching used a sliding short —
basically a piece of waveguide shunted
across the line. These adjustable shorts
are common at flea markets. Reference
21 describes this technique.

VSWR can be measured with direc-
tional couplers but the slotted line
shown in fig. 6C can also be used.
Expensive network analyzers are be-
coming popular especially with those
who work in well-equipped microwave
labs. These analyzers present im-
pedance in the graphical form of a
Smith chart.®

No discussion of impedance match-
ing would be complete without men-
tioning the Smith chart, developed by
the late Phillip H. Smith at Bell Labs.
Smith charts basically convert Cartesian
coardinates to a system of two ortho-
gonal families of circles. The lines
represent contours of constant reac-
tance and resistance. its use makes
impedance matching much easier.
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fig. 6. Typical microwave frequency
measurement schemes. (A) Absorption
wavemeter. (B) Waveguide inline reflec-
tion type wavemeter. (C) Slotted line
used to probe distance {and hence fre-
quency) between voltage nulls as
described in text.
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W2DU Non-Ferrite Very High Power Baluns 61 7_:3’?_‘7831
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*1.8-30 MHz Complete Kit P.O. Box 215 BV, Andover, MA 01810-0814
*3000-9000 watts with 1:1 antenna SWR o W2AL 1 1 Balun '|_ week delvery lor credil cards
*1500--5000 watts with 2:1 antenna SWR o Pair of W2VS KW-40 Traps 2 weeks for personal checks
W2DU-VHF (High Power and Extended Range ) » Pair of End-sulators 30 DAY MONEY BACK GUARANTEE
*30-300 MHz e 125'#14-7 Copper Wire
*2000-4000 watts with 1:1 antenna SWR e Complete Installation & Unadilla/Reycollnline is now a Division of
*1200-2400 watts with 2:1 antenna SWR Pruning Instructions UNADILLA/ANTENNA'S ETC.

INTERMATIONAL MONTHLY MAGAZINE BY AND FOR ACTIVE RADIDAMATEURS

' ‘ Radiosporting
A P DIRECTOR,
‘}“‘_,!' R. F. HARDWARE ENGINEERING

Pegasus Message Corporation is a fast-growing
young company deploying a nationwide R.F.-
based communications network. We are cur-
rently seeking a Director, R. F. Hardware Engi-
neering, to fulfill leadership and managerial roles

A magazine dedicated to quality and sportsmanship in
amateur radio operating. Fresh, timely, practical and down to
earth reading for little pistols and big guns. Written by the
world's best in their fields: ON4UN, SM@AGD, LZ2CJ,
VE3BMV, KH6BZF, DJ9ZB, ZS6BRZ, WIWY, N2AU, K7GCO,
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1988 ARRL NATIONAL CONVENTION |

The “CITY OF ROSES” and the Northwest Amateur Radio Council
invite you to a “CONVENTION BEYOND EXPECTATIONS”

Red Lion Inn — Jantzen Beach ® On the Banks of the Mighty Columbia River ¢ Portland, Oregon

Banquet Speaker:

Tony England, WBORE
un.sn

Major Awards:
Ambassador of the Year

¥ - AEA
%BQ\ A Young Ham of the Year
w\\"@ - Westlink Report
® Humanitanian of the Year
o - ARRL
o™
\\)\c_xrc:'
g\ﬂ“‘ 2% Registration & Housing: U
¥ 503-255-0739 or 503-256-3823 or write to: P.0. Box 30805, Portland, OR 97230 /f@%
‘ b\q.o" Flea Market Information: €p,
R @ 503-478-3790. 503-296-3466 [eves.) or 206-892-7286 (days) Uty s,
3 Exhibitor Information; %, X
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w® e,
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Hey LOOK !
Your Friends have been talking!

The Secret's Out !

CTM is the ham radio and computer
magazine with that “down home
flavor”, dedicated to the practical
aspects of Amateur Communications.
Just starting out? You’ll find our well-
illustrated tutorials friendly and open;
we show you how. If your interest is in
High Tech, you’ll find reviews and user
reports of the latest thing to come down
the pike and they are written so you can
understand them too! If your interest is had 26 packet articles during 1987,
in training, you'll find articles for ham & There’s something for everyone in
radio, computers and emergency $18. vear U.S. - 6 Months $10. CI‘M! Ju_mp right in, you'll find :h:z
communications. Mexico & Canada $32. year natives friendly — and helpful, too!

There is always time for some
friendly fun that you don’t need a
license to enjoy — and appreciate...

Are you into Packet Radio? Thinking
about it? Then you definitely need
CTM! During 1987 we had 65 packet
and packet related articles and that
doesn’t even count the other HAM
articles or the many Computer articles.
The other four ham magazines* only

You'll find it ALL in CTM Other Countries (air) $68. (Surface) $43. *CO™ 5 anticles; Ham Radio™ 10 anticles;
— QST™ 5 articles and 73™ 6 articles = 26
A Add 5% for credit cards CT™M Magmrine articles for 1987 for the other ham magazines. ..
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fig. 7. Typical microwave waveguide at-
tenuators and terminations as described
in text. {A) Blade type of variable attenu-
ator. (B) Cutaway view of a termination
using tapered lossy dielectric.

attenuators and terminations

On frequencies below the microwave
bands, attenuators and loads usually
consist of a resistor or resistor netwark.
This works fine since good carbon resis-
tors exhibit low reactance. However, as
you go higher in frequency, the reac-
tance of most resistors becomes signifi-
cant and it's no longer a low VSWR
(pure) resistance.

Some stripline/microstrip loads and
attenuators are available. Manufactured
using vacuum deposited nichrome or
other suitable materials on a ceramic
substrate, they are usually expensive
and have frequency limitations. Because
of this, other attenuator and termination
methods had to be developed on the
higher frequencies. Carbon or micro-
wave ferrite-type devices were often
used. One special attenuator method
was developed for waveguide. It con-
sists of inserting a blade or rotary vane
of carbon into the waveguide as shown
in fig. 7A.

Terminations are another story. Often
they are lossy absorbers, not termina-
tions in the true sense of a resistor.
Figure 7B shows one type consisting
of a tapered section of lossy dielectric
placed at the end of a waveguide. This
type of attenuator can dissipate reason-
able power since it's larger than aver-
age discrete resistors, but will usually
not operate below some cutoff fre-
quency, typically around 1 GHz.
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fig. 8. Some microwave waveguide
types of balanced mixers. (A} Ortho-
mode. (B} Magic “T".

UHF. Even the subharmonic pumped
mixer {where the local oscillator is ac-
tually at one-half the normal frequency
required) was first used on microwaves.

Balanced mixers with two diodes
mounted in series across a waveguide
have been around a long time. The
Varian OrthoMode™ in fig. 8A was one
of these. The magic “T" (see fig. 8B)
was another popular waveguide-type
mixer. As noted earlier, this configura-
tion is actually a waveguide coupler. The
rat race (fig. 2G) and the quadrature
coupler {fig. 2D} are also used for
driving balanced mixers frequently using
waveguide.

microwave spectrum
analyzers

These instruments really make the life
of a microwave engineer a lot easier.
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fig. 9. Spectrum analyzers are great microwave tools. {(A) Typical block diagram of
a spectrum analyzer. (B) A spectrum display of 1.0 GHz local oscillator signal and har-

mixers

It wouldn’t be fair to skip over micro-
wave mixers since many of the types
used today in the VHF/UHF region
originally evolved in the microwave
region! In fact, one of the first solid-state
mixers used a single TN21 point contact-
type diode which became the standard
of the radar industry.'®'” Schottky/hot
carrier diodes were first developed for
microwaves and later for hf through

The modern spectrum analyzer is similar
to present-day hf upconverting super-
heterodyne receivers. The basic compo-
nents are a low-pass filter, mixer, sweep
oscillator, i-f amplifier, detector, and dis-
play as shown in fig. 9A

To simplify filtering, input signals are
usually upconverted to an i-f above the
highest possible input frequency. The
signals are then amplified and downcon-
verted to a lower i-f where gain and
better selectivity are less expensive.
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PORTABLE ANTENNA

MODEL AP-10

Designed for
APARTMENTS
MOTELS
VACATIONS

36495

Adgd $3.00
Shipping and Handling

Quuick Simple Installation. Operates on 2, 6, 10, 15, 20, 30
and 40 meters. All colls supplied. Only 22-1/2 inches long
Weighs less than 2 Ibs. Supplied with 10 ft. RG 58 coax
and counter poise. Whip extends to 57 inches. Handles
up to 300 watts.

VSWR—1.1:1 when tuned

VWitte for mome detolls ond ofher BAW procucts

ALL OUR PRODUCTS MADE IN USA
BARKER & WILLIAMSON
Quality Communication Products Since 1932
At your Distibutors. Write or Call, .
.J 10 Canal Street, Bristol PA 19007 m
(215) 788-5581

‘W6SAI BOOKS |

published by Bill Orr, W6SAI and Stu Cowan, W2LX

BEAM ANTENNA HANDBOOK
Completely revised and updated with the latest computer generated informa
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10, 18 and 24
MHz WARC bands. Everything you need to know. 204 illustrations 268
pages 1985 Revised 1st edition

RP-BA Softbound $9.95

SIMPLE LOW-COST WIRE ANTENNAS

Primer on how-to-build simple low cosl wire antennas. Includes visible
designs for apartment dwellers. Full ol diagrams and schematics 192
pages 1972 2nd edition

RP-WA Softbound $9.95

ALL ABOUT CUBICAL QUAD ANTENNAS

Simple to build, lightweight, and high performance make the Quad at DX ers
delight Everything from the single element lo a multi-elemenl monster A
wealth ol informalion on construction, feeding. wmng and instaling the
quad antenna 112 pages 1982 3rd edition

RP-CO SoHtbound $7.95

THE RADIO AMATEUR ANTENNA HANDBOOK

A wealth of projects that covers verticals, long wires, beams as well as
plenty of other interesting designs It includes an honest judgement ol gain
figures, how to site your antenna for the best performance, a look at the
Yagi-Quad controversy, baluns, slopers. and della loops Practical antenna
projects that work! igm pages 1978. 151 edition

RP-AH Softbound $9.95

“America’s Weekly Guide to Satellite TV”

m The best in satellite program-
-~

ming! Featuring: % Over 120
Channels listed % Weekly,
Updated Listings % Magazine
Format % Complete Alpha-
betical Movie  Listings
* Sports Specials * Prime
Time Grids % Specials
* Programming Updates!

)f )

e Only $45.00 per year (52 weekly issues)
® 2 Years $79.00 (104 weekly issues)
® $1.00 for sample copy

*NC Residents must add 5% Sales Tax

Subscribe Today!

call toll free 1-800-234-0021
Visa® and MasterCard* accepted

OnSat PO Box 2347 Shelby, NC 28151-2347

A

The new STV Guide con- e ———
STWui

)

tains valuable information on
zoning regulations, scram-
bling, plus technical tips for
installing or updating a satel- .
lite system—and now a pre- |}, ] Lt ca
cise monthly guide to satel-
lite TV with the latest pro-
gram listings for over 90 I
channels! —

All this in each complete issue of STV Guide!

® Only $48.00 per year (12 monthly issues)
® $2.00 for a sample copy

*‘NC Residents must add 5% sales lax

Subscribe Today!

Call toll free 1-800-234-0021

Please enclose $3 50 for shupping and handling ‘vg‘:. @

r3dio... BOOKSTORE

GREENVILLE. NH 03048 (603) B78-1441

Visa* and MasterCard* accepted

STV Guide PO Box 2384 Shelby, NC 26151-2384
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The detected output is displayed on an
oscilloscope.

The beauty of a spectrum analyzer is
that all the signal components are dis-
played so that the relative levels and
undesired products are easily discernible
(fig. 9B). Older spectrum analyzers are
now appearing on the surplus market.
Sometimes Amateurs who have access
to one can help you see what your
transmitter or local oscillator’'s output
looks like. Beware; it may scare you!

new VHF records

In last month’s column, | mentioned
that the 6-meter EME record had been
extended.” On November 14, 1987, Ray
Rector, WA4NJP (EM84DG), worked
Jim Treybig, W6JKV (CM87WI), for a
new record of 2148 miles (3457 km).
Ray used four 8-element W1JR Yagis
as described in the May 1987 ham ra-
dio, and Jim used two of the new
10-element M2 (M squared) 50-foot
boom length Yagis. Both ran 1500
watts.?” The QSO took place with the
moon setting on Ray’s western horizon.
To prove it wasn't a fluke, they repeat-
ed the contact on November 30th with
the moon elevated at both ends. They
spent a lot of time and effort to make
this all happen. Congratulations again to
Ray and Jim. Six-meter EME is now
buzzing with activity. How long do you
think this record will last?

important VHF/UHF events

April 11 ARRL 144-MHz Spring Sprint
Contest (Monday evening local)

April 13 EME perigee

April 16 New moon

April 19 ARRL 220-MHz Spring Sprint
Contest (Tuesday evening local)

April 21 Predicted peak of the Lyrids
meteor shower at 1730 UTC

April 27 ARRL 432-MHz Spring Sprint
Contest (Wednesday evening
focal)

April 29-

May 1 Dayton Hamvention

May 4 Predicted peak of the Eta
Aquarids meteor shower at 1900
ure

May 6 ARRL 902-MHz Spring Sprint
Contest (Friday evening local)

May 10 EME perigee

May 12 ARRL 1296-MHz Spring Sprint
Contest (Thursday evening local)

May 13-15  74th Annual Eastern VHF/UHF

Conference, Nashua, New Hamp-
shire (contact WIEJ)

May 15 New moon

May 21-22  ARRL 50-MHz Spring Sprint Con-
test (Saturday evening local)

May 26 ARRL 2304-MHz Spring Sprint

Contest (Thursday evening local)
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* COMPUTER *
SUPPLIES

Disk File Sup to 75 5% disks  6.95

Media Mate 5 w/lock 5Va
Library Case up to 10 5%
versa Pak up to 6 5%a

Micro-Disk 10 up to10 3%;
*ok ok ok ok ok ok ok ok ok ok ok ok K

6-Outlet Surge Suppressor  9.99
Curtis Printer Stand 19.99
computer Tool Kit 22.99
XT System Stand 22.99
Curtis A-B Data Switch 39.99
Kk Kk Kk k k Kk A Kk Kk kA Kk K %
WORLD DATA ENTERPRISES
1-800-634-3547
(305) 551-4023

P.O BOX 652737 MIAMI, FL 33265
*PLUS SHIPPING/HANDLING

11.95
2.25
1.95
3.25
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*DISKETTES*

Bulk 5% DSDD
w/0 Sleeves .39
Bulk 5% DSDD
w/Sleeves .45
Maxell DSDD 5V 7.99
Maxell DSHD 5 22.99
Nashua DSDD 54 9.99
Nashua DSHD 5Va 16.99
3M DSDD 5V 12.99
3M DSHD 5V4 22.99
Maxell 3v2 DSDD 24.99
3M 3%2 DSDD 22.99
WORLD DATA ENTERPRISES
1-800-634-3547
(305)551-4023

P.O BOX 652737 MIAM|, FL 33265
*PLUS SHIPPING/HANDLING

o CADDELL

o~

““W» 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
transmatch or you may enclose them in a
weatherproof box and connect them directly at
the antenna. They are designed for 3-30 MHz op-
eration. (See ARRL Handbook pages 19-9 or

6-20 for construction details.)

100 Watt (4:1,6:1,9:1, ar 1:1 Impedence—uelect one)

$10.50

T 1KW (4:1 14.50

i Ti 2KW (4:1 17.00
Universal Transmatch 1 KW (6:1, 9:1, or 1:1—selecl one) 16.00
Universal Transmatch 2 KW (6:1, 9.1, or 1:1—select ons) 18.50

Please send large SASE for info,
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dx signal quality

Most DXers become quite proficient

at copying weak, varying signals
through QRM and noise. A greater
occurrence of geomagnetic ionospheric
disturbances with accompanying fad-
ing during the equinox season really
makes one work. Studies on fading
and signal quality may provide infor-
mation allowing you to operate more
effectively during this season.

Fading is characterized by the time in-
terval between signal crests or troughs
and by the amplitude change between
these peaks and valleys, commonly
called depth of fade. It is often accom-
panied by frequency distortion which
is also used to characterize signal
quality. Fade rate is defined as /intervals
per second. Signal fade can appear
as either a decrease in {(attenuation)
strength or an increase (focusing) of
signal amplitude. Flutter is a rapid fade
rate in which several intervals (cycles)
occur per second. One interval per
second is called a fast fade, and inter-
vals of several seconds or longer are
known as long fades. Flat fading in-
volves no frequency distortion, and
selective fading includes frequency
distortion within the bandwidth being
used.

Most of the attenuation associated
with fading occurs as the signal passes
through the D and E regions of the
jonosphere where the numbers of elec-
trons are greatest, but electron motion
becomes turbulent at times of dis-
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turbed geomagnetic fields. Fading
depth and duration are not great from
these regions.

The significant focusing and fre-
quency fading characteristics come
mainly from the F region of the ion-
osphere. Here fade depth and duration
can attain any set of values between
extremes. Signal variability is a func-
tion of distance since a great number
of hops averages out the amplitude
extremes. As distance between the
transmitter and receiver increases the
take-off angle lowers; that factor plus
the multihop path both tend to length-
en the fade interval. For a set distance,
the duration between fades decreases
with the higher take-off angle if you in-
crease the number of haps.

During the first few hours (positive
phase) of disturbed geomagnetic field
conditions in mid-latitudes, the fade
interval is shorter than normal and
lengthens to longer than normal in the
remaining hours (negative phase). It
slowly approaches normal values again
in two to three days. Conversely, the
fade rate is usually higher than normal
during those first hours, sometimes up
to a day, then slowly returns to normal
in the remaining ones. This sequence
is reversed in phase at lower latitudes
closer to the geomagnetic equator.
The extent to which fading affects
communications also depends on the
signal modulation that's employed.
The type of communications least
affected are CW, voice, and teletype
respectively. As a general rule, higher
speed data transmission is most affect-
ed. The ease of overcoming this diffi-
culty depends on the speed (bit or
mark/space length), the amount of
redundancy built into the modulation,
and the modulation type (FSK or PSK,
coherent/synchronous or asynchro-
nous, and the bit structure). The sys-
tem can be designed to operate well
in fixed links. The predominant type of
fading can be overcome by tailoring

the speed, redundancy, and modula-
tion form to suit. For the most part,
DXers have lived with fading for years
and know almost instinctively the best
mode to use ‘‘to get through”. For
most of us old DXers it is just CW with
an occasional missing dit or dah.

last-minute forecast

The lower frequency bands, for day-
time short skip and nighttime DX,
should be excellent during the first and
last weeks of the month. Winter (low)
noise conditions still prevail helping
these lower bands, except during
spring weather-front thunderstorm
passages. Equinox geomagnetic dis-
turbances may reduce MUFs around
April 2, 11, 21, and 29, especially at
night. The higher bands will be very
good the middle two weeks of the
month. Look for transequatorial open-
ings to southern countries especially
during geomagnetic disturbances when
MUFs increase in the iocal afternoons
and evenings.

The perigee of the moon'’s orbit (for
moonbounce DX) is on the 13th, with
the moon at full phase on the 2nd.
There will be a short meteor shower,
the Lyrid, on April 20-22 with a rate of
five per hour — hardly much help
for meteor-scatter DX. But a bigger
shower, the Aquarid, starts before the
end of April, peaks on the 5th of May,
and ends in mid-May. Its rate is 10 to
30 per hour.

band-by-band summary

Ten meters will be open to the south
and southeast for an hour before local
noon, to the south at noon and to the
southwest in the afternoon. The open-
ings will be longer when the solar flux
is at its 27-day cycle maximum. Trans-
equatorial openings are ailso best at
that time.

Fifteen and 20 meters, almost al-
ways open to some part of the world,
will be the main daytime DX bands.
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during “normal” hours.

*Look at next higher band for passible openings.



RF POWER

TRANSISTORS

We stock a full line of

Motorola & Toshiba parts
for amateur, marine, and
business radio servicing

Partiai Listing of Popular Transistors

(800) 854-1927

SEE YOU AT

DAYTON

| BOOTH 360

2-30 MHz 12v.(*  28V)

PN Rating Net Ea.  Match Pr.
MRF421 ] 100W $24.00 $53.00
MRF422* 150w 36.00 78.00
MRF454 /A Q sow 14.50 32.00
MRF455,/A Q 60W 11.75 26.50
MRF485* 15W 6.00 16.00
MRF492 Q 90w 16.00 35.00
SRF2072 Q 65W 12.75 28.50
SRF3662 Q 110W 24.00 53.00
SRF3775 Q 75W 13.00 29.00
SRF3795 Q oW 15.50 34.00
SRF3800 Q 100W 17.50 38.00
25C2290 Q 80w 16.75 39.50
25C2879 Q 100W 22.00 48.00

Q Selected High Gain Matched Quads Available

VHF UHF TRANSISTORS 12V.

Rating MHz Net Ea. Match Pr.
MRF245 80W  136-174 27.50 61.00
MRF247 75W  136-174 26.00 58.00
MRF248 80W 136-174 33.00 71.00
MRF641 15W  407-512 18.00 42.00
MRF644 25W  407-512 21.00 46.00
MRF646 40W  407-512 25.00 54.00
MRF648 60W  407-512 31.00 66.00
2N6080 4W  136-174 6.25 —
2N6081 15w 136-174 8.00 -
2N6082 25W  136-174 9.50 —
2N6083 30w 136-174 9.75 24.00
2N6084 40W  136-174 11.50 28.00

PARTIAL LISTING OF MISC. TRANSISTORS

MRF134 $16.00 MRF515 2.50
MRF136 21.00 MRF607 2.50
MRF137 24.00 MRF630 4.25
MRF138 35.00 MRF846 43.50
MRF174 80.00 MRF1946 A 14.00
MRF208 11.50 CD2545 16.00
MRF212 16.00 SD1278-1 17.75
MRF221 11.00 2N3553 2.29
MRF224 13.50 2N3866 1.25
MRF237 2.70 2N4427 1.25
MRF238 12.50 2N5589 7.25
MRF239 14.00 2N5590 10.00
MRF240 15.00 2N5591 13.50
MRF260 7.00 2NS641 9.50
MRF261 8.00 2N5642 13.75
MRF262 8.75 2N5643 15.00
MRF264 12.50 2N5945 10.00
MRF309 29.75 2N5946 12.00
MRF317 56.00 2SC1946,A 15.00
MRF406 12.00 2SC1947 9.75
MRF433 11.00 2SC2075 3.00
MRF449 12.50 25C2097 28.00
MRF450 13.50 28C2509 9.00
MRF453 15.00 25C2640 15.00
MRF458 20.00 25C2641 16.00
MRF475 3.00 OUTPUT MODULES
MRF476 2.75 SAU4 55.00
MRF477 11.75 SAU17A 50.00
MRF479 10.00 SAVE 42.50
MRF492A 18.75 SAV? 42.50
MRFa97 14.25 SAV15 48.00
40582 7.50 M57712, M57733  use
NEQ1137 2.50 M57737, SC1019 SAV7

Hi-Gain, Matched, and Selected Parts Available

We stock RF Power transistors for Atlas, KLM, Collins,
Yaesu, Kenwood, Cubic, Mirage, Motarola, Heathkit,
Regency, Johnson, Icom, Drake, TWC, Wilson, GE, etc.
Cross-reference on CD, PT, SD, SRF, JO, and 2SC P/Ns.
Quantity Pricing Available
Shipping/Handling $5.00
Orders received by 1 PM PST shipped UPS same day.
Next day UPS delivery available
ORDER DESK ONLY — NO TECHNICAL

Foreign Orders Accepted

COD / VISA / MC

(619) 744-0728

ORDER LINE and/or TECH HELP J

FAX (619) 744-1943

RF PARTS

1320 Grand
San Marcos. CA 92069
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2x4Z BASE
REPEATER
ANTENNA

THE HIGHEST GAIN DUAL BAND
BASE/REPEATER ANTENNA

HIGH POWER 200 WATTS

CENTER FREQUENCY
146.500 MHz
446.500 MHz

GAIN:

VHF - 8.2dB

UHF - 11.5dB

VSWR - 1.-1.2 or less

CONNECTOR:
N TYPE FEMALE

LIGHTNING PROTECTION
GROUNDED DIRECT

LENGTH: 16 FT.
WEIGHT: 5LBS. 3 0Z.
WIND LOAD: 90 MPH
MOUNTING: UP TO 2 IN.
MAST

CAN SIMULCAST ON
BOTH BANDS

WATERPROOF
CONNECTING
JOINTS

UPS SHIPPABLE

AMATEUR SPECIAL

"nea on

1275 NORTH GROVE ST.
ANAHEIM, CALIF. 92806
(714) 630-4541

CABLE: NATCOLGLZ

FAX (714) 630-7024 w176

Twenty should stay open on long
southern paths into the night, while 15
will drop out in the late afternoon. DX
is 5000 to 7000 miles (8000-11,200 km)
on these bands and one-long-hop
transequatorial propagation is also
possible as on 10 meters.

Thirty and 40 meters are both day
and night bands. Intermediate dis-
tances (1000-1500 miles, 1500-2200
km) in any direction represent daytime
DX. Nighttime DX on these bands may
be expected to offer a greater distance
than on 80 meters and, like 80, follow
the darkness path across the sky.
Reduced midday signal strengths and
distances may occur on days of high
solar flux values.

Eighty and 160 meters will exhibit
short skip conditions during daylight
hours and lengthen for DX at dusk.
These bands follow the darkness path,
opening to the east just before local
sunset, swinging more to the south
near midnight, and ending up in the
Pacific areas shortly before dawn. The
160-meter band opens later and ends
earlier.

ham radio

DOWN EAST MICROWAVE

MICROWAVE ANTENNAS AND EQUIPMENT
* Loop Yagls « Power ¢ Linoar Ampl! P
Arrays * Microwave Transverters * GaASFET Pmmpa
* TROPO « EME ¢ Weak Signal + OSCAR » 902 « 1289 » 1206
« 2304 + 2400 ¢ 3456 MHz
2345LY 45e¢l loopYagl 1206 MHx  20dBl $93
1345LY 45¢l loop Yapi 2304 MHz  20dBl $80
3333LY 3Sel loopYagi 902MHz 18.5dBi $93
Abovo antennas assembled and tested. Klls available.
All Aluml| and C
Add $8 UPS S/H, $11 West of the Mlulaalppl
2318 PA Linear Amp 1W In 18W out 1296 MHz 13.5V. $245 ppd.
2335 PA Linear Amp 10W In 35W out 1206 MHz 12.5V. $206 ppd.
NEW! MICROWAVE TRANSVERTERS

BY LMW ELECTRONICS
1296 TRVED 6W, GaAsFET, T/R Sequencer, Output Meter $569
2304TAV2D 2W, GaAsFET, T/R Sequencer, Output Meter $649
Add $86 for shipping UPS/48
Stripped down verslon, kits also available

Write For FREE Catalog
DOWN EAST MICROWAVE %
BIll Olson, W3HQT ]
Box 2310, RR 1, Troy, ME 04987
(207)948.3741
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antenna tuner

In last month’'s Notebook | dis-
cussed transmission lines and their
construction and impedance. The May
1988 ham radio is the annual antenna
issue, so next month’s column will
focus on that subject. In this issue,
let’s look at another part of a transmit-
ting/receiving system — the “‘anten-
na tuner’’.

Most everyone calls the device used
by Amateurs between their station and
the antenna an ““antenna tuner’’, even
though this isn’t really what it is. The
proper term is impedance-matching
circuit, but that just doesn’t turn peo-
ple on the way ““antenna tuner’’ does.
In earlier days, the circuitry used to get
an antenna to “load’’ was an antenna
tuner of sorts; the end of the antenna
was brought right into the shack and
tapped on the tuned circuit. Adjust-
ments were made by changing the
coupling link from the transmitter and
moving the antenna tap on the coil,
fig.1.

This system worked, and still does,
but it has faults. For one, it brings a
lot of rf right into the shack. This was
okay in the days of vacuum tubes that
were not too sensitive to the presence
of rf, but stray rf certainly creates big
problems with today’s semiconduc-
tors, not to mention nearby TV and
hi-fi sets.

Getting the antenna out of the shack
and up in the air had two desirable
results: it reduced the rf problem and
improved radiation by being in the
clear, away from nearby objects. This
created the need for a transmission line
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to conduct power between the trans-
mitter and the antenna, but did not
eliminate the need for some type of
matching device at the transmitter out-
put. No two antennas are alike in in-
stallation, environment, construction,

TO END-FED
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e
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TRANSMITTER

fig. 1. Matching circuit for an end-fed
wire antenna. The tap is moved along
the coil until the transmitter is properly
loaded.
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BALANCED
LINE OUTPUT

e
*

FROM po
TRANSMITTER

ci

fig. 2. A simple circuit for providing a
match between 50- or 76-ohm coaxial ca-
ble and parallel-wire transmission line of
any impedance.

or impedance and method of feed, and
what works well on one band is not
necessarily the optimum choice for
another. Operation over a wide portion
of any band creates another problem.
You can make the length of an anten-
na correct for one part of a band but

it is not resonant in another part, so
if you move your operating frequency
very far you’ll see the VSWR start to
climb. Some rigs will put up with this,
but many wiil not.

Enter the impedance-matching cir-
cuit, sometimes called a “Transmatch”
or “antenna Coupler’” or “antenna
Tuner.”’

A basic circuit is shown in fig. 2.
The simple tuned circuit has a link to
couple energy from the transmitter to
it, and taps on the coil for matching
to twin-lead transmission line. This
type is ideal when you have a center-
fed dipole with a feedline of TV ribbon
or open-wire “ladder line.”” The capac-
itor {C4) in series with the link “tunes”
it for maximum coupling of energy
from the transmitter. C, and Ly form
a resonant tank at the operating fre-
quency. The taps are simply moved
equal distances from the center of the
coil until the transmitter shows proper
loading.

A ""Transmatch’’ or “Ultimate Trans-
match’’ is another all-purpose tuner. It
one of the most useful, wide-range
matching circuits in Amateur radio,
and has several variations. The basic
circuit is shown in fig. 3. The trans-
mitter input is coupled to the circuit by
C,, and the combination of variable
capacitance of Cy, inductance L4, and
the output capacitor C, provide
matching for a load that can be any-
thing from 50-ohm coaxial cable to
open-wire line or a single-wire end-fed
antenna (if you still want to bring rf
back into the shack).

The inductance (L4) for this kind of
circuit is usually variable, consisting of
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fig. 3. A versatile Transmatch type of
matching circuit. The variable capacitors
and inductor allows it to perform over
a wide range of frequencies and im-
pedances. As shown here, the output
will accept either coaxial cable or single-
wire feed (as for an end-fed antenna).

turns of wire on a ceramic cylinder that
can be rotated by a knob on a panel.
The tap is a roller that contacts the
turns of the wire as the inductor is ro-
tated providing a continuously varia-
ble inductance which (along with Cy)
matches a wide range of impedances.
A variation of this circuit uses a tapped
inductor and a well-insulated switch to
select the proper value, eliminating the
hard-to-find roller inductor.

A balun transformer allowing con-
nection to a balanced line is a useful
addition to this Transmatch circuit;
one is shown in fig. 4. It can be built
into the same enclosure as the Trans-
match, or as a separate unit and at-
tached to the coaxial connector. If you
build it into the Transmatch circuit en-
closure, connect the points shown as
“A’ in figs. 3 and 4. The transformer
is wound on a ferrite core.

Commercial Transmatches are avail-
able but they are not difficult to con-
struct in the home workshop. Looking
for the roller inductors and variable
capacitors to build a Transmatch is a
favorite pastime of Amateurs at ham-
fests and flea markets. It is a popular
project.

There are other circuits that can be
used to match impedances; two of the
most common are the ““L” network
and the “Pi"’ network in fig. 5. The L
network is useful for matching a low
impedance to a high one. The lower
impedance must always be connected
to the inductance end of the circuit
and the higher impedance must always
be across the capacitor. This circuit
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fig. 4. A balun transformer is a useful ad-
dition to the Transmatch circuit. The
point labeled “A" connects to “A" in fig.
3.

(A)

N
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IMPEDANCE IMPEDANCE
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fig. 5. The L network, at A, is useful for
matching some types of antennas, par-
ticularly a vertical radiator where the cir-
cuit is placed at the base. The Pi circuit
at B will match a very wide range of in-
put and output impedances. It can ac-
cept low or high impedances at either
the input or output.

works well as an “‘antenna tuner”’,
placed at the base of a vertical anten-
na and adjusted to provide a match be-
tween the antenna and the feedline to
the transmitter.

The Pi network covers the widest
range of any common circuit, and was
for years the mainstay of impedance-
matching techniques. Many transmit-
ters used this type of circuit at the out-
put of the power ampilifier, and it was
said that they would ““match any-
thing”’. | can personally attest to one
trial to see if this was true.

In Willimantic, Connecticut, three of
us decided one evening to see if this
circuit really would {as a popular say-

ing of the time claimed) "load a piece
of wet string”’. We soaked some heavy
twine in a bucket of salt water and
quickly connected it to the network,
suspending the far end over the limb
of a convenient tree. We made a con-
tact on 20 meters, but the rf power
kept drying out the string so we had
to re-wet it while our operator was
receiving. He then waited for our
“ready’’ vyell before transmitting. |
don’t think the guy at the other end of
the contact ever believed us, even
when he got the QSL card listing the
antenna as ‘'1/2-wave wet string”’!

The Pi network is bi-directional;
either end can be the high- or low-
impedance port.

receiver benefits from
matching (circuit)

In addition to the impedance-
matching, these circuits also reduce
harmonics that might otherwise get to
the antenna and be radiated. Also,
when the selective circuit is placed be-
tween the antenna and the receiver, in-
terference from strong stations outside
the Amateur bands is reduced. Receiv-
ers, like transmitters, do perform bet-
ter when their input impedance is
properly matched.

It is important to remember that
none of these circuits change your an-
tenna impedance or reduce the VSWR
on the transmission line feeding your
antenna. If your dipole on 15 meters
looks like 7-1/2 ohms at the feedpoint,
absolutely nothing you do in your
shack will change that. Likewise, if the
VSWR on the transmission line is 15:1,
it is going to stay there no matter what
kind of ““matcher”’ you use. The main
function of a matching circuit in your
shack is to present your transmitter
with a proper load. Any VSWR prob-
lems on the feedline can be cured only
by working on the antenna itself or by
placing a matching circuit right at the
antenna feedpaoint. It's okay if the
VSWR is moderate — systems with
3:1 or 4:1 on the line between the an-
tenna and the Transmatch do their job
just fine. At values higher than that,
you are losing some power in the feed-
line and perhaps radiating some of it



from the line rather than the antenna,
so some antenna work is in order.

operating practices

No one likes to hear stations tuning

up in the middle of their QSO, but
these circuits do require adjustment
from time to time. Here are a few tips
to make life easier for everyone:
¢ On most matchers, the variable ca-
pacitors and inductors have calibrated
knobs, dials, or multiturn indicators.
Make a calibration chart or marks on
the panel listing the tuning positions
for each of your favorite bands and
operating frequencies. Then you will
need to make only minor adjustments,
or perhaps none at all, when you
change frequency.
= |nitial tuning and calibrating of the
Transmatch should be done when a
particular band is dead, using the
lowest value that your power and
SWR meters will accurately indicate.
Your VSWR is not going to change if
you tune up with 5 watts and then use
200 for QSOs.
« Do your initial tuning of the transmit-
ter only into a dummy load, then
switch to the matching network. From
then on, make minor adjustments of
the matching network to keep the
transmitter happy; don’'t readjust the
transmitter tuning. Some Trans-
matches have a built-in switch to
select a dummy load, and a power/
SWR meter to aid in tune-up. Both
are worthwhile additions if you build
your own.

the other side of the coin

On the other hand, Transmatches
(and all matching networks, for that
matter) lose some of the power on the
way through. Circuits constructed
with quality components heavy or
silver-plated wire, and inductors and
capacitors with steatite or ceramic in-
sulation have losses small enough
to ignore. Poor insulation and small
wire can increase losses significantly.
Also, some circuits are built using
toroidal transformers and if their core
material is not meant for use at the fre-
quency of operation, the losses will be
large.

ham radio

Now that
you canspeak,
talk toLarsen.

Novice Enhancement opens up a
whole new way for novices to com-
municate. To make the most of it, talk
to Larsen Electronics.

We'll tell you how Larsen antennas
can greatly improve your powers of
communication. We'll also explain
how Larsen 220 and 1296 MHz
antennas are designed to give you
the best performance.

Talk to your Larsen amateur dealer
today, and see if Larsen performance
doesn’t speak for itself.

K ~Larsen Antennas
The Amateur’s Professional

See vour favorite amateur dealer or write for a free amateur catalog

IN USA: Larsen Electronics, Inc., 11611 N.E. 50th Ave  PO. Box 1799, Vancouver, WA 98668, 206-573-2722
IN CANADA: Canadian Larsen Electronics, Ltd., 149 West 6th Avenue, Vancouver. B.C. V5Y 1K3. 604-872-8517
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BEVERAGE ANTENNA T THE
HANDBOOK Ni;l..% BEVERAGE ANTENNA

: . HANDBOOK
by Vic Misek, WTWCR New Edition
WIWCR has spent countless hours developing new F“\'L1

antenna wdeas and optimiang the SWA (Steerable 1
wave antenna ) Misek delves deep into the secrets “EN\SEQ
ol the single wire Beverage with helpful hims and
tips on how to maxarmize performance based upon 1
wite size, hewght above ground overall length and
impedance matching. Also includes information on
center led Beverages constructed out ol several
wire types SMALL LOT OWNERS - Beverage for
you too' Called the Micro SWA. it 15 ust 60 1t
long You get excellent direclivity and null steenng
capabilities  Translormer design information tos
bath termination and leedline matching 15 com

|
pliey e 19E7 R0 prae aswss = ham radio BOOKSTORE

Please enclose $3 50 shipping & handling ﬂ GREENVILLE, NH 03048 603-878-1441
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AEA . *
PK-232
PAKRATT ’ ; ’
$309 ’A

Pk T NEW ENGLAND'S FACTORY-
AUTHORIZED SALES & SERVICE
FOR

KENWOOD [3[1coMm

Also displaving the popular accessories needed to complete a HAM STATION . .
ARRL PUBLICATIONS = AEA PRODUCTS « AMPHENOL
* ALPHA DELTA * ASTRON = AUSTIN ANTENNAS = AVANTI
* BELDEN * BENCHER * B & W » DAIWA « ALINCO

SONY " "TELEX/HY-GAIN » TOKYO HY-POWER LABS.
IC[._20|0 ® TRAC KEYERS * VIBROPLEX » WELZ » ETC. T
RECEIVER OPEN SIX DAYS A WEEK VISA MC WELCOMED
"l\__ikr;_'j(ﬁ-ll(f:&ll'llf Telephone 617/486-3400, 3040
A TS 0 KL 675 Great Rd., (Rte. 119) Littleton, MA 01460
$324.95 1’ miles from Rte. 495 (Exit 31) toward Groton, Mass.
Cash or Check Price

&,

/ PBLACENTIA, CA 92670 :
74a-632-7721 Z (]

IF YOU ARE INTO ELECTRONICS AND SAVING MONEY IS IM-
PORTANT TO YOU, THEN YOU OWE IT TO YOURSELF TO TRY
NUTS & VOLTS MAGAZINE. DISCOVER WHY THOUSANDS OF
SMART PEOPLE NATIONWIDE TURN TO NUTS & VOLTS EACH
MONTH TO MEET THEIR ELECTRONIC NEEDS. WHETHER
YOU’RE BUYING, SELLING, OR JUST

TRYING TO LOCATE THOSE UNIQUE Subscription Rates
OR HARD-TO-FIND ITEMS, FIND OUT b b e o

3rd Class Mail - USA
HOW NUTS & VOLTS CAN HELP! One Year ’ : $10.00

== SUBSCRIBE TODAY! & Two Years $18.00
CHECK MONEY ORDER || VISA Lifetime $50.00
1st Class Mail
ke One Year - USA $18.00
i Canada & Mexico . $20.00
o Air Mail
State Zip Foreign - 1 Year $50.00
Card No Exp Date Includes one FREE 40-word

CALL FOR ADVERTISING INFORMATION Classified Ad - g0
DIETRIBUTOR INGUIRIES INVITED

Name
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Kit,onLY $675
wirep $975
VHF OR UHF
FEATURES:

* SENSITIVITY SECOND TO NONE! GaAsFET front end on vhf
models gives 12dB SINAD of ©.12uV (vhf), @.15uV (220). UHF model
0.25uV std, 0.1uV with optional helical resonator preamp.
*SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter &
ceramic filter for > 10@dB at only + 12kHz. Helical resonator front
end to combat desense & intermod.

*CLEAN, STABLE TRANSMITTER, up to 18W output standard; 50W
with accessory power amplifier.

*FCC TYPE ACCEPTED for commercial high band and uhf.
sCourtesy beep, field-programmable CWID, flutter-proof squelch,
automatic frequency control to compensate for off-frequency trans-
mitters (all standard features).

sFull range of options available, such as autopatch, phone line or
radio remote control, sub-audible tones, duplexers,

*FM EXCITERS:

Kits $99, Wit $179. 2W
continuous duty. TCXO &
xtal oven options available. ,
*TA51 for 10M, 6M, 2M, {41
150-174, 220 MHz.
*TA451 for uhf. =
FCC type accepted for commercial bands.
*Call for latest information on 900 MHz transmitters.

*VHF & UHF AMPLIFIERS. For FM, S5B, ATV. Output from 10
to 50 Watts. Several models, kits starting at $79.

*R144/R220 FM RECEIVERS for 2M,
150-174, or 220 MHz. GaAs FET
front end, @.12uV sensitivity!
Both crystal & ceramic

filters plus helical resonator

front end for exceptional
selectivity: > 100dB at + 12kHz
(best available anywhere)!
Flutter-proof squelch. AFC tracks
drifting transmitters.

Kit$149, wit $229.

*R451 UHF FM RCVR. Similar to above. Tuned line front end,
0.25uV sens. (0.1uV with optional hel. res. preamp). Kit $149,
wit $229.

*R901 FM RCVR FOR 900 MHZ. Triple-conversion, GaAs FET front
end, 0.2uV sens. Kit $169, w/t $259.

*R76 ECONOMY VHF FM RCVR for 10M, 6M, 2M, 220, Without hel
res or afc. Kitsonly $129.

*Weather satellite & AM Aircraft receivers also avail.

LNG -(*),
GaAs FET
PREAMP

onLy $59!

Wired/tested

FEATURES:

*Very Low Noise: @.7dB VHF, @.8dB UHF
*High Gain: 13-20dB, depending on frequency
*Wide Dynamic Range: to resist overload
*Stable: new-lype dual-gate GaAs FET

* Specify tuning range desired 26-30, 46-56,
137-150, 150-172, 210-230, 400-470, or
800960 MHz.

LNW -(*)
__ MINIATURE

GaAs FET
PREAMP

oNLY$ 24 /e,
$39 Wired/tested
GaAs FET Preamp

similar to LNG, except designed for low cost
& small size. Only 5/8"Wx 1-5/8"L x 3/4"H
Easily mounts in many radios.

* Specify turmng range deswed: 25-35, 3555,
55-90, 90-120. 120-150, 150-200, 200:.270,
or 400-500 MHz.

FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE
FOR HIGH-BAND AND UHF, CALL FOR DETAILS.

LNS-(*)
IN-LINE T
PREAMP 2 Do,

onLY $79/ ki, e
s 9 9 Wired/tested

GaAs FET Preamp with features simifar to LNG
senes, except automatically switches out of
line during transmit. Use with base or mobile
transcevers up to 25W.

*Specily tuning range desired 120-175,
200:240. or 400 500 MHz

Low:noise preamps with helical resonators
reduce intermod & cross-band interference in
cntical apphications

MODEL HRA-{*), $49 vht $84 uhf

= Specify turng range desired. 143-150, 150
158, 158:162. 162-174, 213-233. 420450,
450.465, or 465 475 MH2

You've waited a long time for a
simple, reliable, low-cost 9600
baud PACKET NETWORKING
system. Now you've got it! Our
new MO-96 MODEM and direct
FSK Transmitters and Receivers
for 220 or 440 MHz interface
directly with most TNC's. Fast
diode switched PA's output 15
or 50W Call for complete info
on the right system for your
application.

*COR-3 Kit. Control ckts and
audio mixers needed to make a
repeater. Tail & time-out imers,
local spkr ampl, courtesy beep

: TR . $49
*CWID Kit. Field programmable,
timers, the works $59
*TD-2 DTMF DECODER/
CONTROLLER Kit, Full 16 digits,
switches 5 functions, toll call
restrictor, programmable, much
more. Great for selective calling
too! $79
*AP-3 AUTOPATCH Kit. Use
with above for repeater auto-
patch. Reverse patch and phong
line remote control std. ... $79
*AP-2 SIMPLEX AUTOPATCH
TIMING BOARD Kit. Use with
above for simplex autopatch
. X . . $39
*MO-202 FSK DATA
MODULATOR Kit Run up to
1200 baud digital signals
through any fm transmitter with
full handshakes. Radio link
computers, telemetry gear,
etc. $39
*DE-202 FSK DATA
DEMODULATOR Kit for revr end

of link $39
L - | >

0 ERTERS
Amanna Recetver
Ingut Mange  Ouloul
837 14 1em
5053 ELE
S054 144 14n
136108 W30
VHE 1ae 148 IR0
MODELS 145147 w0
Kit with Case $59 1enias 2830
Kit less Case $39 iz:g:: :: 3
Witedwicase  $89 222224 2w
UHF MODELS 432434 BN
; 436437 830
WitwithCase 569 433436 yaearaw
Kit less Case $49 43za3e  Bose
43935 813

Wired wicase $9  cem

B0 922
See catalog for full line of 2w transmitting
converters for vl & uhf. Kits only $78.
Limear Amplifiers avall up to 50w

427 449
430 480




accuracY DIGIMAX PERFORMANCE

DiciMAX INSTRUMENTS CORP,

CONFERENCE PROCEEDINGS

Q
&

This conference was held in conjunc-
tion with the 1987 Amsat Annual Meel-
ing in Southfield. MI, Nov 6-8, 1987 11
papers are presented with topics on
trends in spacecraft technology, and
space science education, FO-12 mail
box, QRP EME, Phase I1I-C and Phase
IV developments in orbital determina
tion and attitude control Over 100
paqges $12

OTHER CONFERENCES

Mid-Atlantic VHF Conference. This con-
ference was sponsored by the Mt Airy
VHF Radio Club, Oct. 10-11, 1987. 11
papers cover everything from mountain
lopping to transceivers for the 3400 and
5600 MHz bands. 120 pages $10

AMSAT-NA FIFTH Space Symposium

21st Central States VHF Society Con-
ference held in Arlington, Texas, July 23-
26, 1987. 28 papers covering everything
from use of TVRO dishes for moon
bounce to a solid state amplifier for 5.7
GHz 166 pages $10

6th ARRL Computer Networking Con-
ference held in Redondo Beach, Califor-
nia. August 29. 1987 The latest concepts
on networking, high speed modems and
other packet-radio technology are dis
cussed in 30 papers that were prepared
for the conference. 174 pages. 510

MICROWAVE UPDATE 1987 held in Estes
Park, Colorado, September 10-13, 1987
17 papers on equipment, antennas and
techniques for 902 MHz through 10 GHz
Much information on construction of 2.3,
34 and 57 GHz gear. 136 pages. $10

Please include $2 50 ($3 50 UPS) for shipping and handling
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SPECIALISTS

IN FAST TURN
P.C. BOARDS

PROTO TYPE P.C. BOARDS

AS LOW AS $25.00
* SINGLE & DOUBLE SIDED
* PLATE THROUGH HOLES
® TEFLON AVAILABLE

* P.C. DESIGN SERVICES
FOR MORE INFORMATION

, Midland
Technologies

34374 EAST FRONTAGE ROAD
BOZEMAN, MT 59715 (406) 586-1190
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LOW BAND DX-ING
COMPUTER PROGRAMS

by John Devoldere, ON4UN, for
Apple lle/c, MS-DOS, Commodore
C-128 Apple Macintosh and Kaypro
CPM Computers

Here's a collection of 30 super programs
written by ON4AUN. Just about every interest
or need is covered—from antenna design
and optimization to general operaling pro-
grams. Antenna programs include: shunt
and series inpul L network design, leedline
transformer, shunt network design, SWR
calculation, plus 11 more! General Ham pro-
grams include: sunrise/sunset, greal circle
distances, grayline, vertical antenna design
program, sunrise calendar plus 9@ more!
Phew. When you sit down to use these pro-
grams you'll be amazed at whal you have
The best value in computer software avail-
able loday 1986

UN-Apple lle/lic $39.95 ea.
UN-MS (MS-DOS) $39.95 ea.
UN-CPM/Kaypro $39.95 ea.
UN-C-128 (COMMODORE) $39.95 ea.
UN-MAC (MACINTOSH) $49.95

LOW BAND DX'ING

by John Devoldere ON4UN

Now Avallable! The new, 2nd edition of the
delinitive book on Low Band DX'ing. Based
upon years of practical on-the-air
experience, learn the secrets ol how
ONA4UN has been so successtul on the low
bands. Extensive coverage Is given 10 lrans-
mit and receive antennas with clear concise
explanations and plenty of illustrations-
dipoles, inverted V's, slopers, phased arrays
and Beverages—they're all in this book

Also covered: propagation, lransmitters
receivers, operaling, software and an exten-
sive Low Band bibliography. Going 1o be a
best seller! Get yours today 1987 2nd
Edition 200 pages

AR-UN Softbound $9.95

BUY'EM BOTH
SPECIAL OFFER
Book & Software Reg. $49.90
($59.90 for Mac)

Just $44.90 ($54.90 for Mac)

UN-SO (specily computer) $44.90
UN-MSO Macintosh Special $54.90

= SAVE $5 -

Please enclose $3.50 shipping & handling
ORDERS ONLY: (800) 341-1522

ham radio BOOKSTORE

(L ntennaBooks

ALL ABOUT CUBICAL QUAD ANTENNAS
by Bill Orr, WESAI and Stu Cowan, W2LX

The cubical quad antenna 15 considered by many 1o be the
best DX antenna because of its simple, lightweight design
and high performance. You'll find quad designs lor every-
thing from the single element to the multi-element monster
quad. There's a wealth of data on construction, feeding,
tuning, and mounting quad antennas. 112 pages. 1982
Jrd edition.  Includes data for WARC bands

RP-CO Softbound $7.95

THE AMATEUR RADIO VERTICAL HANDBOOK
by Cpt. Paul H. Lee, USN (Ret.), N6PL

Based upon the author’s years of work with a number of ditfer
ent vertical antenna designs, you'll get plenty of theory and
design information along with a number of practical construc
tion ideas. Included are designs for simple 1/4 and 5/8-wave
amtennas as well as broadband and mult-element directional
antennas. Paul Lee is an enginger and awid ham and is Ama
teur Radio’s resident expert on the vertical antenna. = 1984,
2nd edition

CO-VAH Softbound $9.95

THE RADIO AMATEUR ANTENNA HANDBOOK
by Bill Orr, WESAI and Stu Cowan, W2LX
Contains lots of well illustrated construction projects lor
vertical, long wire, and HF/VHF beam antennas. There is
an honest judgment of antenna gain figures, information on
the best and wors! 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 Della Loop antennas. The text is based
on proven data plus prachcal. on-the-air expenence. 190
pages <1978 1st edition

RP-AH Softbound $9.95

HF ANTENNAS — The Easy Way
by John Haerle, WBSIIR

This tutonal 15 an excellen! source book on antenna theory
and apphcations Examples of areas covered are. Fun-
damentals, antenna and feediine terminology. baluns,
ground systems, lightning protection, The Basic Antenna,
the dipole, the zepp. GSRV, Windom, Special Antennas, the
sloper, DORRA, Beverage, folded unipole, Beams, WBJK,
Yagi, two element quad, and the 160 meter band story
John's wnling 15 1N an easy-lo-understand conversational
style and is full of examples and handy tips and hints
There are no drawings or illustrations bul John's prose
paints pictures lor clear and complele understanding ol the
information being presented 1984 15! Edition

JH-AT Softbound $11.95

BEAM ANTENNA HANDBOOK by W6SAI and W2LX
Completely revised and updated the Beam Antenna Handbook
includes the very latest state-of-the-art antenna design. Com
puter generated beam dimensions for the 40, 30, 20, 17, 15
12, 10 and VHF bands are included eliminating the need for
tme consuming math calculations. Also covered are: Beam
height and optimum apex of radiation, how element types and
hardware etlect performance, effect of nearby objects on rad.
ation patterns, leedlines, baluns and matching systems and
much more. Ham Radio VHF columnist W1JR, and noted Eu
ropean VHF'er DLEWO's VHF antenna designs are covered ex
tensively as well as NBS VHF long Yagis. 268 clearly wntten
pages — 204 easy-to-understiand (llustrations, make this the
book to buy for beam construction 1985, 1st edition
RP-BA Softbound $9.95

SIMPLE LOW-COST WIRE ANTENNAS
by Bill Orr, WESAI and Stu Cowan, W2LX
Learn how to build simple, economical wire antennas
Apartment dwellers take note! Fool your landlord and your
neighbors with some of the “invisible ” antennas found
here Well diagrammed. 192 pages. - 1972

AP-WA Softbound $9.95

ARRL ANTENNA BOOK
14th Edition
The Amateur Anlenna bible_ Includes just about every bit of in-
formation you'd ever want 1o know about antenna design.
construchon and theory. Starts with wave propagation.
antenna fundamentals and transmission hing theory, pro
gresses through coupling the transmitter and antenna to the
feediine 10 9 big. inclusive chapters on how 10 build ditferent
antennas 1982 141h edition 200 pages

AR-AM Softbound $8.00

FOR INFORMATION: (603) 878-1441

GREENVILLE, NH 03048 603-878-1441

THE EXPERT's EDGE

The ULTINATE computer program for slalon operation!

GENERAL

Multgie windows with tadso Haniimd i reCene in sefur ale wirdows -4 1 lunchon

keys wer inodiabie-Pop up menis 1o oplions-Heathikit HY- 2000 ophion alows
tadlang termnal ur and vorce keye

RADID
260 Tunable mermones for requency Stovage and soraich pad opevation-Fach
memony. tunatibe e 3 VEQ -Control of up 10 6 separate radios depending or

Bype-Visil Turing on Screen with draplay of Irequencies and maodes

26 Rapd access memory buffers 1or contests. D505 <A bult in imemony keyer!
Wrile o file and transmi from ke - Fach packe! connect in a separate window
Monus 10 make operaton sasr
CONTESTING/BL

Bl 4n hoggeteg IOGEAMm pets rsto ireguency, mode, date 5o lime sutomatically!
Look a1 prewiows OS50/ Contest dala online -Logging program aliows prnting of
w in goy formal degared
S Camg e
T 1 e " L
e

bicrrmene

S 00 Pyl phes T25% Th Im
ERPERTY— 10245 Leotherwaad —Fort Warth, Teaas 76108 —{B1 7] 248-T410
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SECURITY
SYSTEMS

ALARM &
CLOSED CIRCUIT TV

DISCOUNT PRICING
* Panasonic CCTV

Wireless & Hardwired
Alarm Systems

* Experienced

State Licensed

For More Information
7:30 AM-6 PM CST M-F

DETECTION
DYNAMICS

4700 LOYOLA LANE, #119
AUSTIN, TX 78723 (512) 345-8401
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@BUGC ATQI(I;LIEL§
|

HF ANTENNA

NEW MPROVED MODELS)

Siainlons

Tais 1-BAND COVERAGE - All Amateur, MARS,
and CAP frequencies from I0 to 50 meters!
BANDSWITCHING = Swilches instanly o
pre-tunes (reguencies on any band

HIGH-4 HESONA I'OH - High-Q alr inductor

Siainiean
provides mazimum efficiency on all bands!

-

Rassnsiar

300 WATT CAPACITY - Conservalive raling
COMPLETE ANTENNA - READY TO MOUNT
PRICE $74.95

L DESIGN - Provides low wind

! Rugged construction for long
Ldw and reliabuity New fold-over feature!

3 ] 1000 WATT MODEL AVAILABLE - 384. 03
wass  Add 5% for shipping in lower 48
Sectian
1 SASE for Product info “

TEXAS RADIO PRODUCTS
5 East Upshaw _ Temple, Texas 76501

\__ (817) 771-1188 _J
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California

A-TECH ELECTRONICS

1033 HOLLYWOOD WAY

BURBANK, CA 91505

(818) 845-9203

New Ham Store and Ready to Make a
Deal!

JUN’S ELECTRONICS
3919 SEPULVEDA BLVD.
CULVER CITY, CA 90230
213-390-8003
800-882-1343 Trades
Habla Espanol

Colorado

COLORADO COMM CENTER
525 EAST 70th AVE.

SUITE ONE WEST

DENVER, CO 80229

(303) 288-7373

(800) 227-7373

Stocking all major lines

Kenwood Yaesu, Encomm, ICOM

Connecticut

HATRY ELECTRONICS

500 LEDYARD ST. (SOUTH)
HARTFORD, CT 06114

203-527-1881

Cal! today. Friendly one-stop shopping
at prices you can afford.

Delaware

AMATEUR & ADVANCED COMMUNI-
CATIONS

3208 CONCORD PIKE

WILMINGTON, DE 19803

(302) 478-2757

Delaware’s Friendliest Ham Store.

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

800-441-7008

lcom, Ten-Tec, Microlog, Yaesu,
Kenwood, Santec, KDK, and more.
One mile off I-95, no sales tax.

Florida

AMATEUR ELECTRONIC SUPPLY
1898 DREW STREET
CLEARWATER, FL 33575
813-461-4267

Clearwater Branch

West Coast’s only full service
Amateur Radio Store.

Hours M-F 9-5:30, Sat. 9-3

AMATEUR ELECTRONIC SUPPLY
621 COMMONWEALTH AVE.
ORLANDO, FL 32803
305-894-3238

Fla. Wats: 1 (800) 432-9424
Outside Fla: 1 (800) 327-1917
Hours M-F 9-5:30, Sat. 9-3

Georgia

DOC’S COMMUNICATIONS
702 CHICKAMAUGA AVENUE
ROSSVILLE, GA 30741

(404) 866-2302 / 861-5610
ICOM, Yaesu, Kenwood, Bird...
9AM-5:30PM

We service what we sell.

Hawaii

HONOLULU ELECTRONICS

819 KEEAUMOKU STREET
HONOLULU, HI 96814

(808) 949-5564

Kenwood, ICOM, Yaesu, Hy-Gain,
Cushcraft, AEA, KLM, Tri-Ex Towers,
Fluke, Belden, Astron, etc.

Idaho

ROSS DISTRIBUTING COMPANY
78 SOUTH STATE STREET
PRESTON, ID 83263

(208) 852-0830

M 9-2; T-F 9-6; S 9-2

Stock All Major Brands

Over 7000 Ham Related Items on
Hand

lllinois

ERICKSON COMMUNICATIONS, INC.
5456 N. MILWAUKEE AVE.
CHICAGO, IL 60630

312-631-5181

Hours: 9:30-5:30 Mon, Tu, Wed & Fri;
9:30-8:00 Thurs; 9:00-3:00 Sat.

Indiana

THE HAM STATION

220 N. FULTON AVE.

EVANSVILLE, IN 47710

(800) 523-7731

(812) 422-0231

ICOM, Yeasu, Ten-Tec, Cushcraft, Hy-
Gain, AEA & others.

Ham Radio’s guide to help you find your loc:

Maryland

MARYLAND RADIO CENTER

8576 LAURELDALE DRIVE

LAUREL, MD 20707

301-725-1212

Kenwood, Ten-Tec, Alinco, Azden. Full
service dealer.

M-F 10-7 SAT 9-5
Massachusetts
TEL-COM, INC.

675 GREAT ROAD, RTE. 119
LITTLETON, MA 01460
617-486-3400

617-486-3040

The Ham Store of New England
You Can Rely On.

Missouri

MISSOURI RADIO CENTER

102 NW BUSINESS PARK LANE
KANSAS CITY, MO 64150

(800) 821-7323

Missouri: (816) 741-8118

ICOM, Kenwood, Yaesu

Same day service, low prices.

Nevada

AMATEUR ELECTRONIC SUPPLY
1072 N. RANCHO DRIVE

LAS VEGAS, NV 89106
702-647-3114

Dale Porray ‘‘Squeak,” AD7K
Outside Nev: 1 (800) 634-6227
Hours M-F 9-5:30, Sat. 9-3

New Hampshire

RIVENDELL ELECTRONICS
8 LONDONDERRY ROAD
DERRY, N. H. 03038
603-434-5371

Hours M-S 10-5; THURS 10-7
Closed Sun/Holidays

. YOUSHOULD BE HERE TOO!
-D ea]er S. Contact Ham Radio now for complete details,
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mateur Radio Dealer

New Jersey

ABARIS SYSTEMS
276 ORIENTAL PLACE
LYNDHURST. NJ 07071
201-939-0015

Don WB2GPU

Astatic, Azden, B&W, Butternut, Larsen,

Mirage/KLM, Kenpro, Nye, Santec,
THL, and many others.

M-F 10 am-9 pm

SAT 9am-7 pm

VISA/MC

KJI ELECTRONICS

66 SKYTOP ROAD

CEDAR GROVE, NJ 07009

(201) 239-4389

Gene K2KJI

Maryann K2RVH

Distributor of: KLM, Mirage, ICOM, Lar-
sen, Lunar, Astron. Wholesale - retail.

New York

BARRY ELECTRONICS

512 BROADWAY

NEW YORK, NY 10012
212-925-7000

New York City's Largest Full Service
Ham and Commercial Radio Store.

VHF COMMUNICATIONS

915 NORTH MAIN STREET
JAMESTOWN, NY 14701

716-664-6345

Call after 7 PM and save! Supplying all
of your Amateur needs. Featuring ICOM
"The World System.”’ Western New
York's finest Amateur dealer.

Ohio

AMATEUR ELECTRONIC SUPPLY
28940 EUCLID AVE.
WICKLIFFE,OH44092(ClevelandArea)
216-585-7388

Ohio Wats: 1 (800) 362-0290

Qutside Ohio: 1 (800) 321-3594
Hours M-F 9-5:30, Sat. 9-3

DEBCO ELECTRONICS, INC.
3931 EDWARDS RD.
CINCINNATI, QHIO 45209
(513) 531-4499

Mon-Sat 10AM-9PM

Sun  12-6PM
We buy and sell all types of electronic
parts.

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

REYNOLDSBURG (COLUMBUS). OH
43068

614-866-4267

Featuring Kenwood, Yaesu, lcom,

and other fine gear. Factory author-

ized sales and service. Shortwave

specialists. Near 1-270 and airport.

Pennsylvania

HAMTRONICS,

DIV. OF TREVOSE ELECTRONICS
4033 BROWNSVILLE ROAD
TREVOSE. PA 19047
215-357-1400

Same Location for over 30 Years

Tennessee

MEMPHIS AMATEUR ELECTRONICS
1465 WELLS STATION ROAD
MEMPHIS, TN 38108

Call Toll Free: 1-800-238-6168

M-F 9-5; Sat 9-12

Kenwood, ICOM, Ten-Tec. Cushcraft,
Hy-Gain, Hustler, Larsen, AEA.
Mirage, Ameritron, etc.

Texas

MADISON ELECTRONICS SUPPLY
3621 FANNIN

HOUSTON, TX 77004
713-520-7300

Christmas?? Now??

KENNEDY ASSOCIATES

AMATEUR RADIO DIVISION

5707A MOBUD

SAN ANTONIO, TX 78238
512-680-6110

Stocking all major lines. San Antonio’s
Ham Store. Great Prices — Great
Service. Factory authorized sales and
service.

Hours: M-F 10-6; SAT 9-3

MISSION COMMUNICATIONS
11903 ALEIF CLODINE

SUITE 500 (CORNER HARWIN &
KIRKWQQOD)

HQOUSTON, TEXAS 77082

(713) 879-7764

Now in Southwest Houston—full line
of equipment. All the essentials and
extras for the "*ham."”

Wisconsin

AMATEUR ELECTRONIC SUPPLY
4828 W. FOND DU LAC AVE.
MILWAUKEE, WI 53216
414-442-4200

Wisc. Wats: 1 (800) 242-5195
Outside Wisc: 1 (800) 558-0411
M-F  9-5:30 Sat 9-3

Foreign Subscription Agents
for Ham Radio Magazine
Ham Radio Austria Canada
Kanin Ueber Send orders 10
Postfach 2454 Ham Radio Magazine
D-7850 Loerrach Greenville, NH 03048 USA
West Germany Prices in Canadian lunds
Ham Racio Belgium : ::55:;95202 yis $74.25
Stereohouse
Brusselsesteenweg 416
89218 Gent
Belgum Ham Radio lraly
Ham Radio Halland Via Mamiago 15
Postous 4°3 120134 Milano
NL-7800 Ar Emmen ltaly
Holland
Ham Radio Europe
Box 2084 Ham Ragic Switzertand
S$-194 02 Upplands Vasoy Kann Ueber
Sweoen ‘Posttach 2454
D.7850 Loerrach
Ham Radw France West Germany
SM Eleciranic
20 bis. Ave des Clarians
F-89000 Auxarre
France Ham Radia England
o ASGE
Ham Radio Germany Lambda House
Kann Ueber Cranbarne Road
Postfach 2454 Potters Bar
0-7850 Loerrach Herts EN6 JUW

West Germany Englanc

1988 CALL DIRECTORY )
{on microfiche})
Call Directory $8
Name Index $8
Geographic Index $8
All three — $20 Shipping per order $3
BUCKMASTER PUBLISHING
Mineral, Virginia 23117
703-894-5777
— _/
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Half-Square QRV-DX Monobanders

Work DX with No Tower and No Amplifier.
Cut noise, cut near sigs, build DX sigs, kill QRM.
10 Meters 15 Meters 20 Meters 30 Meters
$29.95 $39.95 $49.95 $59.95
Broadside Pattern, Low Profile, Coax Feed, Ready to Use
36\ Highest DX Gain per Dollar
sase To order add $5 Postage & Handling and call or writc:
1971 North Oak Lane AntennasWest
Provo, UT 84604-2138 maTh (301) 374-1084
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products

new pocket HTs from

Kenwood

The new Kenwood TH-25 Series HT is com-
pact with wideband frequéncy coverage, big
LCD display, and 5 watts output option,

Operating features include: front panel DTMF
pad, automatic power control, 14 memories,
automatic offset selection, band and memory
scan, automatic “'power off”’ circuit, and CTCSS
encode/decode option. Accessories supplied
with the unit are: StubbyDuk, battery pack, wall
charger, belt hook, wrist strap, and water resis
tant dust caps.

Contact Kenwood Amateur Radio dealers for
details and information on accessories. The sug
gested retail price for the TH-25AT s $329.95;
the TH-45AT is priced at $349.95

ALPHA linear amplifiers

Ehrhorn Technological Operations has in
troduced a new ALPHA line of linear amplifiers.

The ALPHA 86 features 1500 watts output
power, PIN diode T/R switching for full QSK,
and easy tune-up. It maintains full output in any
mode with no key-down time limit and uses a
pair of Eimac’'s 3CXB00A7 tubes,

The ALPHA 87 needs no tune-up; factory pre
tuned bandpass circuits allow instant QSY to any
hf band.

The ALPHA 88 is a fully automatic version of
the ALPHA 86. A microprocessor is preprogram
med at the factory for all Amateur bands. The
ALPHA B8 samples the input frequency and
automatically tunes the tank circuits.

For more information contact Ehrhorn Tech-
nological Operations, Inc., P.O. Box 888, 451
Valley Road, Canon City, Colorado 81212,

Circle 301 on Reader Service Card.
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new Hamtronics catalog

Hamtronics, Inc. 1988 catalog has kits and
wired units for Amateur radio, two-way shops,
and scientific and industnal radio users. New
product listings include: R901 fm receiver for
902-928 MHz, R137 weather satellite receiver for
the 137-MHz band, an AP3 repeater autopatch
module, 70-watt hi-band and UHF repeater
power amplifiers, and a complete system for
9600 baud packet radio linking

To order send $1 (62 for overseas) to Ham
tronics, Inc., 65-F Moul Road, Hilton, New York
14468 9535.

new antennas,
solar power supply

The QRV 16010 is a low-visibility, all-band hf
antenna originally created for rapid emergency
installation. Thanks to special kinkproof wire,
installation can easily be completed by a single
individual. Insulated and completely weather
sealed, the QRV 160-10 may be connected di-
rectly to a transceiver or a transmatch by means
of its PL 259 connector. The feedline may be ex-
tended as necessary with 50-ohm coaxial line,
Based on the popular G5RV design, the QRV
160-10 measures 102 feet from end to end, and
can be installed in dipole, V, sloper, or folded
configurations. Unique adjustable insulators
facilitate bending to fit available space. An ex
tensive technical manual explains how to obtain
desired results from difficult installation sites, in
cluding spans as short as 26 feet. The QORV
160-10 is rated for full legal power. It comes
ready to use, and is priced at $49.95, including
U.S.delivery

AntennasWest has also introduced its QRV-
Solar 23 Solar Power Supply, designed to pro
vide independent power for remote repeaters,
portable or RV based stations, and hamshack in
stallations. The heart of the system is an easily
installed, unbreakable and bullet-tested solar
panel with unique linear current boosting cir
cuitry. Rated at 23 watts, the QRV-Solar 23
delivers 1.65 amperes at 14 valts and increased
current at lower voltages.

The QRV-Solar 23 is available for immediate
delivery from AntennasWest at $289.95 post
paid. An optional kit for mounting on vertical
masts is available at $34.95.

For further information on these new prod-
ucts, contact AnntennasWest, 1971 North Oak
Lane 1300, Provo, Utah 84604-2138.

Circle #302 on Reader Service Card,

HL-250U linear amplifier

The HL-250U is a high-power linear amplifier
for Amateur UHF band all mode operation. It
provides a maximum output power of 250 watts
when driven by any 10 or 25 watt radio through

the automatic drive level select circuit. The
HL 250U s solid state, requires no tuning, has
forced air cooling with stable output and high
voltage safety measures provided. The built-in
low-noise GaAsFET receive pre-amp enables
comfortable UHF DX QSOs.

The suggested retail price of the HL 250U
is 5824 95. For more information contact
ENCOMM, Inc., 1506 Capital Avenue, Plano,
Texas 75074,

Circle #303 on Reader Service Card.

antenna design and
construction aid

A new approach to antenna design and con-
struction is offered by Epsilon Company, It is the
only antenna design program featuring a sinusoi
dal projection of the antenna’s radiation pattemn.
This approach shows the signal intensity at all
angles, horizontal and vertical of the antenna
simultaneously, referenced 1o isotropic, It's like
sitting in a planetarium. At the center of the floor
15 your antenna which is the only source of light
The dome or sky is lluminated according to sig
nal intensity at each point. Long Wire Pro's
sinusoidal projection is a sophisticated flat
projection of the sky, color coded according to
signal intensity. You can explore the projection
with a mouse or cursor keys and read in a
numetric window the gain at a particular azimuth
and elevation.

Long Wire Pro lets you select wire lengths,
for center-fed and end-fed long wires, Vee's, and
rhombics. Next choose the height above ground,
the kind of ground, such as maist, diy, average,
etc. Then enter the slant of the antenna over
ground

The projection is then drawn in the center of
the screen. Above this is a window showing a
table of the antenna’s parameters you've entered
along with the maximum gain, azimuth, and ele
vation referenced to isotropic, the overall dimen-
sions, and in the case of terminated antennas,
the recommended termination resistor. All this
can be printed on a dot matrix printer.

One can simulate many antennas in less than
ideal real conditions. Odd wire lengths, anten
na slants, and low ground conductivity are all
conditions that cause radiation pattern to change
from published patterns,

Long Wire Pro runs on IBM-PC/XT/AT's and
compatibles with 256K or more, DOS 2.0 or
higher, and color is required. It makes use of
8087/80287 math co-processor if present, and
also a mouse if present. The disk contains two
files, one will run on 160K RAM, and the other
on 450K of RAM. The small version is intended
to run on 256K computers and has 3 degree reso
lution. The large file's program has 1 degree reso
lution. In all other respects they are the same.

Epsilon is selling Long Wire Pro for $35.00, and
it can be ordered from Epsilon Co., P.O. Box
715, Trumbull, Connecticut 06611,

Circle #306 on Reader Service Card.



here is the next generation Repeater

MARK 4CR

No other repeaters or controllers match
Mark 4 in capability and features. That's
why Mark 4 is the performance leader at
amateur and commercial repeater sites
around the world. Only Mark 4 gives you
Message Masterw real speech ® voice
readout of received signal strength,
deviation, and frequency error ® 4-
channel receiver voting ® clock time
announcements and function control ® 7-
helical filter receiver ® extensive phone
patch functions. Unlike others, Mark 4
even includes power supply and a
handsome cabinet.

Call or write for specifications on the
repeater, controller, and receiver winners.

See us at DAYTON
Booths 106, 107, 108

2 meters - 220 - 440

The only repeaters and controllers
with REAL SPEECH!

Create messages just by talking. Speak any phrases or
words in any languages or dialect and your own voice
is stored instantly in solid-state memory. Perfect for
emergency warnings, club news bulletins, and DX
alerts. Create unique ID and tail messages, and the
ultimate in a real speech user mailbox — only with a

MICRO CONTROL SPECIALTIES

Division of Kendecom Inc.
23 EIm Park, Groveland, MA 01834 (617) 372-3442

4932256 Kendecom

617-373-7304
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THE RF CONNECTION r
SPECIALIST IN RF CONNECTORS AND COAX'
| Part No *  Description Price
321-11064-3 BNC 2 PST 28 volf coaxial relay,
Amphenol
Insertion loss: 0 to 0 75GHz
0.1008

Power raling: 0 1o 0.5GHz, 100

walts CW, 2 kw peak

Isolation: 0.1 GHz 45db, 0.2 GHz 525 used

40db. 0.4 GHz 35db lested
03 822 PL 258 Tefion, Ampt 1
L 259181 JHF Male Silver Teli

UG-2100 N Male RGB 213, 214

LG-2180 N Male RG-B. 213 214
Be13PIN N Male Pin tor 9913, 9086, 8214

s UG-21000 & UG-218/U N 160
LG 2107901 N Mate tor BG-8 with 9913 Pan Uy
UG- 218991 i fiot AG-B wath 9913 Pin 4 7
(e L Male 10 50-239 Tellon USA 5 (0
LGB T 1239 Teflon LSA y ()

“THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"

THE R.F. CONNECTION
213 North Frederick Ave. #11
Gaithersburg, MD 20877

(301) 840-5477
VISAIMASTERCARD: Add 4%
Prices Do Not Include Shipping

w188

Wideband Preamp 10-1000 Mhz

Dual GasFet low noise
preamplitier for HF, UHF or VHF
systems. Just perfect for the R-
7000. Excellent ftor Spec
Analyzers, Scanners, etc. Gain 20
Db +/-1 DB, -3 Db at 2 & 1100
Mhz. 1 Db compression of =10
Dbm. Intercept points =45 Dbm.
New shipped price of only
$124.95. Pa. residents please add
6% state tax.

GTl Electronics

RD1 BOX 272
Lehighton, Pa. 18235

717-386-4032 J.

- 189

THE MULTIPLE RECEIVER SOLUTION

4 Channel Signal-to-Naise Vater
o Eapandabiv to 37 Chann ty dust Aaing Car

o LEQ Ingheatars af COR gt Voted Signa

o 4z v B Duotle Sded Gold Plated 44 Pu) Ga
o Femote Doatie gt
» MOt

Buill. tested and calibrated with manual
$350.00

Telephone interface now avinlable

For more miormation call ar winite

HALL ELECTRONICS
Voter Department
815k Hudson Street
Columbus. Ohio 43211
(614) 261-8871
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of our line,

our models 8151,
8153, 8162, 8163,
SEE YOU 8172, 8181, 8182,

AT 8184, 8251, 8252,
DAYTON 8261, 8262, 8271,
and 8282.

COMMUNICATIONS

i Send for information on

8152,
8171,
8183,
8253,
Ba272

N P.0O. Box 8979 » Newport Beach, CA 92658

= 192

Ry,

THROW AWAY YOUR FALCON CATALOGS

Falcon Communications,
THE source for quality,
American made, MOS-
FET and bipolar repeater,
base station and mobile
power amplifiers an-

. nounces a major re-design

L L e T Tl il --'

-

Please send all reader inguinies direclly

Multiband QRV 160-10 Emergency Pac

Fastest Antennia
in the West

Field Day Winner
The Emergency Pack contauns
QRV 160-10 Al Band kink-proof
weather sealed antenna, Quick Launch
kit, 70" RG-8x feedline, 160 meter
adapter, all band counterpoise, 200° A
rotproof line. Complete and QRV \_Tech Mainial
One person installs in 15 minutes) Info: S6¢ a5

1971 N. Oak Lane 1300 E AntennasWesit

Provo, UT 84604-2138 (801) 374-1084

—_—
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new AMECO preamplifier

AMECO has introduced the model PT-3
Preamplifier, successor to the model PT-2. The
PT-3 is a continuously tunable preamplifier that
covers 1.8 through 54 MHz packaged in a cab
inet with a dark-colored panel. Options are avail-
able for second receiver and separate receiving
antenna capabilities.

The retail price for the PT-3 Preamplifier 1s
$109.95; the price for the P-12T Adapter is $8.95.

For details contact AMECO, 220 E. Jericho
Turnpike, Mineola, New York 11501,

Circle #305 on Reader Service Card.

advanced hf station
transceiver

ICOM’'s new IC 781 hi base station operates
on all modes and bands from 10 to 160 meters.
A band spectrum scope displays signals in a
50/100/200 kHz range of your operating frequen-
cy on a multifunction 5nch CRT screen

The IC 781 also teatures:
dual band watch

twin passband tuming

99 tunable memories
wide and narrow filters
direct keyboard entry
150 watts output

built-in power supply

* dual noise blanker

® five multifunction timers
* two internal clocks

The IC-781 comes standard with: built-in high
speed automatic antenna tuner, iambic keyer,
semiautomatic or full QSK CW break-in to 60
wpm, audio peaking filter, if speech processor,
multiscanning, 105-dB dynamic range receiver
that continuously tunes 100 kHz to 30 MHz, plus
exceptional frequency control.

For additional information contact ICOM
America, Inc., 2380 116 Avenue, N.E., Bellevue,
Washington 98009.

Circle #£304 on Reader Service Card.



Put More Punch
in Your Packet

Outstanding mechanical design
makes the IsoPole the only logical
choice for a VHF base station,
especially for Packet operation. All
Isopole antennas yield the maximum
gain attainable for their respective
lengths and a maximum signal on the
horizon. Exceptional decoupling from
the feed line results in simple tuning
and a significant reduction in TVI
potential. The IsoPole antennas are
all impedance matched in the factory
so that no field tuning is required. The
IsoPoles have the broadest frequency
coverage of any comparable VHF
base station antenna. This means no
loss of power output from one end of
the band to the other, when used with
SWR protected solid state
tranceivers. Typical SWR is 1.4 to 1 or
better across the entire band.

A standard 50 Ohm S0-239 connec-
tor is recessed within the base sleeve
(fully weather protected). With the
IsoPole you will not experience ag-
gravating deviation in SWR with
changes in weather. The impedance
matching network is weather sealed
and designed for maximum legal
power. The aerodynamic cones are
the only appreciable wind load and
are attached directly to the support (a
standard TV mast which is not sup-
plied).

IsoPole Specifications

Model

Freq. Coverage (Mhz)

2.1 VSWR bandwidth
Power Rating

Gain**

Radiating Element Length
Amateur Net Price

**dbd — db gain over a dipole in free space

» 19

High Performance Hand-Held Anten-
na — The Hot Rod

The Hot Rod antenna can be ex-
pected to make the same improve-
ment to hand-held communications
that the IsoPole antennas have made
to base station operation. Achieve 1 or
2 db gain over ANY 5/8 wave two
meter telescopic antenna. 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
mobile antenna. In the collapsed posi-
tion, the Hot Rod antenna will perform
like a helical quarter wave. Three Hot
Rods are available; HR-1 1/2 wave 2M
Ant., HR-2 for 220 Mhz, and HR-4 for
440 Mhz. Amateur Net Price on all Hot
Rods is $19.95.

For either base station or hand-held
operation AEA has the perfect
VHF/UHF antenna. Put more punch in
your Packet station with an AEA
IsoPole or Hot Rod antenna. To order
your new antenna contact your
favorite Amateur Radio Distributor.
For more information contact Advanc-
ed Electronic Applications, P.O. Box
C-2160, Lynnwood, WA 98036, or call
206-775-7373.

144 220 440
135-160 210-230 415-465
y12Mhz @ 146Mhz )15Mhz @ 220Mhz )22Mhz @ 435Mhz
1 kw 1 kw 1 kw
3 dbd 3 dbd 3 dbd
125.5" (3.2m) 79.25" (2m) 46" (1.2m)
$49.95 $49.95 $69.95

AEABrings you the
Breakthrough!

Prices and Specifications subject to change without notice or obligation.
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RATES Noncommercial ads 10¢ per word;
commercial ads 60¢ per word both payable
in advance. No cash discounts or agency com-
missions allowed.

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad
(subject to our editing) on a space available
basis only. Repeat insertions of hamfest ads
pay the non-commercial rate.

COPY No special layout or arrangements
available. Material should be typewritten or
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be
held responsible for claims made. Liability for
correctness of material limited to corrected ad
in next available issue.

DEADLINE 15th of second preceding
month.

SEND MATERIAL TO: Flea Market, Ham
Radio, Greenville, N. H. 03048.

TEST EQUIPMENT WANTED. Don't wait — we'll pay cash
for LATE MODEL HP, Tek, etc. Call Glenn, N7EPK, at Skagitron-
ics Co. (800) 356-TRON.

sorts 7-band WAS/DXCC. Full features. Apple $19.95, IBM or
CP/M $24,95. KATAWH, POB 2015, Peabody, MA 01960.
WANTED ATLAS 350-XL. N5NM, Box 2168, Santa Fe, NM
87504 (505} 988-2305.

CALL SIGN BADGES: Custom license plate holders. Personal,
distinctive. Club discounts. SASE. WB3GND, Box 750, Clinton,
MD 20735. (301) 248-7302.

RADIO BROADCAST EQUIPMENT. Cash Paid. Especially in-
terested in newer studio and transmitting equipment and aces-
sories. Jon, WB4MMV, 139 Woodlake Drive, Charlottesville, VA
22901. (804) 973-8697.

MACINTOSH SATELLITE and Propagation Software. MacTrak
™displays graphic maps (rectangular, polar, great circle), views
from space, schedules, windows. Also tracks Sun and Moon.
Compatible with KLM/MIRAGE rotor interface. Shows gray line,
sunrise/sunset, bearing/ distance, MUF vs time, areas of world
“open’’. SASE for info or $49.95 from F. Stegemeyer, PO Box
1690, Port Orchard, WA 98366.

SB220 OWNERS: Add 160 meters, QSK, +8 additional
enhancements. 40 page step by step manual includes parts
sources, and 3-500z tech manual. SASE for details. $10 plus
$1 postage. WA2SQQ, 69 Memorial Place, Elmwood Park, NJ
07407.

HALLICRAFTERS 12 band receiver Modet 1200, Inspection No.
77040955, portable deluxe. Schematic desired. Eibridge Mac-
Kenzie, 186 Graceland Avenue, Anderson, IN 46012,

WANT DRAKE VFO RV-75. Meyer Minchen, AG5G, 1753
North Bivd, Houston, TX 77098 (713) 622-6161 {24 hours}.
WANTED TEN-TEC ARGONAUT. N5NM, Box 2169, Santa Fe,
NM 87504. (505) 988-2305.

ANALOG AND RF CONSULTING for the San Francisco Bay
area. Commercial and military circuits and systems. James Long,
Ph.D.. N6YB {408} 733-8329.

COMMODORE CUSTOM CHIPS FOR C64/128 Computer/
peripherals at low prices. 24 hour delivery. #6510- $9.95, #6526-
$9.95, #6567- $14.75, #6581- $12.85, PLA- $12.50, 901 ROMS
at $10.95 each and many others, including Amiga..." The
COMMODORE DIAGNOSTICIAN®. A complete diagnastic refer-
ence chart for fixing Commodore computers, etc. An absolute
must for those who want to fix their own camputers and save
money and downtime. $6.95 plus $1.00 postage... COM-
MODORE REPAIR. We are the largest/oldest Autharized Serv-
ice Center in the country. (eg. C64- $39.95). Fast turnaround
Heavy duty Power Supply for C64- $27.95 plus UPS. Send for
complete chips/parts catalog...VISA/MC.. Kasara, Inc, 36
Murray Hill Drive, Spring Valley, NY 10977, 1-800-642-7634,
800-248-2983 (outside NY) or 914-356-3131.

WANTED: Klystron tubes especially 2911; Magnatrons; also
304TL, 6012, 810 and 5CX1500A. All types of sockets for trans-
mitting tubes. Harold Bramstedt, 6104 Egg Lk Rd, Hugo, MN
55038. (612) 429-9397.

SUPERFAST MORSE CODE SUPEREASY. Subliminal
cassette. $10, Learn Morse Code in 1 hour. Amazing new
supereasy technique. $10. Both $17. Moneyback guarantee. Free
catalog: SASE. Bahr, 2543-H2 Temple, Palmbay, FL 32905.
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HF PARTS. GaAs fets, mimics, chip caps, trimmer caps, and
other builder parts. MGF 1402 @$14.00. MFG 1302 @$10.00.
.8-10pf Trimtronics trimmer @$3.75. Porcelain chip caps
@$1.75. Orders add $1.00 p + h. SASE for complete list. MICRO-
WAVE COMPONENTS, 11216 Cape Cod, Taylor, MI 48180.
WA9GFR COMMUNICATIONS SOFTWARE. $15.00 disk
contains HF/VHF/UHF/L-Band propagation programs to pre-
dict range in miles based on transmitter power, receiver sensi-
tivity, and antenna height & gain. A “must” for designing
repeater installations. Also includes Smith Chart impedance
matching programs. Commodore 64 or IBM. Lynn Gerig, RR1,
Monsoewville, IN 46773.

BM-PC RTTY/CW. New CompRitty H is the complete RTTY/CW
program for IBM-PC’s and compatibles. Now with larger buffers,
better support for packet units, pictures, much more. Virtually
any speed ASCH, BAUDOT, CW. Text entry via built-in screen
editor! Adjustable split screen display. Instant made/speed
change. Hardcopy, diskcopy, break-in buffer, select calling, text
file transfer, customizable full screen logging, 24 programmable
1000 character messages. Ideal for MARS and traffic handiing.
Requires 256k PC or AT compatible, serial port, RS-232C TU.
$65. Send call letters {including MARS! with order. David A.
Rice, KC2ZHQ, 25 Village View Bluff, Ballston Lake, NY 12013,

TELEVISION SETS made before 1946, early TV parts, litera-
ture wanted for substantial cash. Especially interested in “’mirror
in the lid” and spinning disc tv's. Finder's fee paid for leads.
Arnold Chase, 9 Rushieigh Road, West Hartford, Conn. 06117.
{203) 521-5280.

ENGINEERS request free catalog of Electronics Software.
Circuit analysis, filter design, graphics, etc. BV Engineering, 2200
Business Way, Suite 207, Riverside, CA 92501 (714) 781-0252.

RJTA/HC-1 vacuum relay $75, RJ2C $140. Cardwell 2100pF-3
KYV variable capacitor $45. Eimac 3CX1200A7 $375, 4CX3,000A
$675, 4CX5,000A $950, SK-2210/SK 2216 $85. Centralab
858-1000pF $5 ea. (All new}. A. Emerald, 8956 Swallow, Ftn.
Vly. CA 92708 {714) 962-5940.

PACKET PACKET. Homebrew a $25 interface and operate
packet radio with Commodore 64 or 128. information packet and
schematics $6. Free program disc. Nona Norman, N8CKS, 41991
Emerson Court, Elyria, OH 44035,

TEKTRONIX 547 Oscilloscope, 50 MHz BP $135, Tek-1A1 $60,
Tek-1A4 $120, Tek-1L30 Spectrum Analyzer, 0.9-10.5 GHz $350,
Hewlett-Packard 608A Signal Generator, 0.05-65 MHz, $100k,
HP-8708A Synchronizer $150, HP-3300A Function Generator
$95, HP-686C Sweep Generator, 8-12 GHz $95, HP-9B65A Cas-
sette Memory $95, Lambda LB-701-FMOV Variable Regulated
Power Supply, 300 amps, new $295.

MHz) specify frequency $50.00. Double balanced mixers $10.00.
Coanxial relays DC to 12.4 GHz and up to 750 watts CW 1P3T
$45.00, 1PHT $60.00. Also test equipment H-P and Tektronix.
Much more. Send SASE. Don Sands, WABOYG, 1619 Fair Oaks
Lane, Richmiond, Texas 77469.

SELL: AEA PK-64A/HFM packet $225, Icom IC-271A 2M Xcvr
$589. Hallicrafters SX-115 RX $300, Spectrum Communications
2M Repeater TX/RX circuit boards $65 each and others inquire.
Floyd. KSLA {915-751-6204) 5637 Prince Edward Avenue, El
Pasa, TX 79924.

WANTED: Beginning Collector - Lover and user of old bugs and
keys looking for early model items. Also interested in foreign
and unusual bugs and any literature on the old bugs and keys.
Please state price and condition or call collect. Smiley White,
WBA4EDB, POB 5150, Fredericksburg, VA 22403, (703} 373-0996.

calibrated. SASE for quote, RTO Electronics, 4166 Maple Street,
Berrien Springs, MI 49103,

ICOM 730 HF TRANSCEIVER $400.00, power supply [ used
with ICOM $50.00. ICOM 4AT, 4 battery packs, no charger. Has
§S-32M CTCSS encoder set for 100 Hz and 114.8 Hz $150.00,
1 CoColl system 64K, 35 track SS drive with controller, DMP-100
Dot Matrix printer, needs new ribbon, with some programs
$200.00. I will pay shipping on all above. 2 met. Duplexer, Sinclair
Q2220E, 500 kHz min spacing. $300.00. Unsure how to ship this
nem. It's ke new. James Perkins, PO Box 8, Schriever, LA
70395. Day phone (504) 446-8841, evenings after 4 PM CST (504)
575-2542.

RTTY JOURNAL—Now in our 36th year. Read about RTTY,
AMTOR, PACKET, MSO'S, RTTY CONTESTING, RTTY DX
and much more. Year’s subscription to RTTY JOURNAL $10.00,
foreign slightly higher. Order from: RTTY JOURNAL, 9085 La
Casita Ave., Fountain Valley, CA 92708.

IMRA International Mission Radio Association helps mission-
aries. Equipment loaned. Weekday nei, 14.280 MHz, 1-3 PM
Eastern. Nine hundred Amateurs in 40 countries. Rev. Thomas
Sable, S J., University of Scrantan, Scranton, PA 18510

MARCO: Medical Amateur Radio Council, Ltd, operates daily
and Sunday nets. Medically oriented Amateurs {physicians, den
tuists, veterinarians, nurses, physiotherapists, lab technicians, etc)
invited to juin. Presently over 550 members. For information write
MARCQO, Box 73's, Acme, PA 15610.

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO to
G.L. Pierce, 5621 Birkdale Way, San Diego, CA 92117. SASE
brings information.

ELECTRON TUBES: Receiving, transmitting, microwave... all
types available. Large stock. Next day delivery, most cases.
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224, {213)
774-1255.

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape,
colors. Five patch minimum. Free sample, prices and ordering
information. HEIN SPECIALTIES, Inc., Dept 301, 4202 N. Drake,
Chicago, IL 60618.

PACKET RADIO AMATEUR. Announcing a new heavy duty
C-64 Commodore replacement power supply especially for the
Packet Radio Amateur. The new higher amperage output will
now allow for 24 hour continuous ‘Packet’’ operation without
voltage change or failure which the existing unit can succomb
to. This P.S. i1s an exact physical replacement and will not run
hot. $27.95 +pp...VISA/MC. Kasara Inc, 36 Murray Hill Drive,
Spring Valley, NY 10977. 1-800-248-2983 (Nationwide} or
914-356-3131.

RECONDITIONED TEST EQUIPMENT $1.25 for catalog.
Walter, 2697 Nickel, San Pablo, CA 94806.

COMING EVENTS

Activities — “‘Places to go . . .”

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE-
MENTS WHETHER OR NOT YOUR HAMFEST LOCATION,
CLASSES, EXAMS, MEETINGS, FLEA MARKETS, ETC, ARE
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WQULD
BE GREATLY APPRECIATED BY OUR BROTHER/SISTER
HAMS WITH LIMITED PHYSICAL ABILITY.

NEW JERSEY: April 9. Ham Radio Flea Market sponsored by
the Chestnut Ridge Radio Club, Education Building, Saddle River
Reformed Church, East Saddle River Road and Weiss Road,
Upper Saddle River. Admission $1.00. Tables $10.00 first, $5.00
each additional. Tailgating $5.00. Contact Jack Meagher,
W2EHD (201) 768-8360.

WASHINGTON: April 9. 11th annual Inland Empire Hamfest,
Red Cross Bingo Hall, West 708 Boone, Spokane. 8 AM to 5
PM. Admission $2.00. License exams, displays, forums, Packet
Radio, MARS, Amateur satellites and more.

ONTARIO: April 9. The 7th annual Durham Region Amateur
Radio and Computer Flea Market, Pickering High School,
Church Street, Pickering Village, Ajax. 9 AM to 2 PM. Admis-
sion $3.00. Doors open 7:30 AM for vendors. Tables $7.00 prior
to March 15, $8.00 thereafter. For information Ron Brown,
VVE3WZ (416) 839-3711; Ray Koson, VE3NBE (416} 839-9208;
Peter Schuyffel, VE3JPP (416} 282-3983.

TENNESSEE: April 8. The Clarksville Amateur Transmitting
Society’s annual Swapfest, National Guard Armory, Hwy 41A,
Clarksville. 8 AM to 4 PM. Admission $2.0. Free parking.
Refreshments available. Talk in on 145.805 or 147.39. For more
information C.A.T.S. ¢/o0 WDA4DBJ, Rt 1, Box 162A, Indian
Mound, TN 37078.

ILLINOIS: April 17. The Moultrie Amateur Radio Klub IMARK)
Hamfest, Moultrie County 4-H Fairgrounds, Cadwell Rd, 5 miles
east of Sullivan. 8 AM to 3 PM. Indoor/outdoor flea market.
Na charge to vendors. Saturday setup. Tickets $2.00/advance
or 3/$5.00. Amateur license exams by preregistration only, Talk
in on .055/.655 and 52. For more information write MARK, PO
Box 79, Suflivan, (L 61951 or call Vernon E. Jack, KSSWY,
217-728-7596.

TENNESSEE:Aprit 17. The Maury Amateur Radio Club will
sponsor its 2nd annual Indoor Hamfest, Maury County Park,
Baker Building, Columbia. 8 AM to 4 PM. Admission $2.00.
Children 12 and under free accompanied by adult. 8 flea rmarket
tables $8.00 each. Food and drink available. Talk in on
147.72/ .12. To reserve tables or for more information George
Russell, WB4JCR, PO Box 832, Columbia, TN 38402 (615)
388-0577.

MASSACHUSETTS: April 17. Tailgate Electronic Computer &
Amateur Radio Flea Market. Sponsored by the MIT VHF Repeat-
er Association and MIT Electronic Research Society. 3 AM to
4 PM. Albany and Main Streets, Cambridge. Admission $1.50.
Free off-street parking for 1000 buyers. 200 tailgate spaces.
$6/space at gate; $5 in advance includes one admission. Setup
7 AM. For information or space reservations call (617) 263-3776.
Mail advance reservations before April 5 to W1XM c/a Mike
Strange, 229 Commonwealth Avenue, Boston, MA 0216. Talk
in on 146.52 and 449.725/44.725.

CONNECTICUT: April 17. The Southington Amateur Radio
Association’s 5th annpual Flea Market, Southington National
Guard Armory, 530 Woodruft Street, Southington. 9 AM to 1
PM. 8 AM for Dealers. Admission $2.00. Tables $8.00/advance;
$10/door. Admits two. License exams all classes. Talk in on
146.28/88 and 145.600 simplex. For information contact Chet,
KATILH, 628-9346, 5 10 9 PM.

Extravaganza and Bean Feed. Dona Ana Fairgrounds West of
Las Cruces. Sponsored by the Mesilla Valley Radio Club.
Admission $5.00 both days. Kids under 12 free. Tables $6.00.
Tailgates Free. VEC exams both days. RV parking available
$5/night. Famous Sunday Bean Feed - tickets available a? gate.
Talk in on 146.04/146.64 and 146.16/146.76. For information
Karl Hess, WF5A, 712 Stagecaach Drive, Las Cruces, NM 83001
(505} 646-5132 days or {509] 522-1172 evenings.

MASSACHUSETTS: April 24. The Montachusett ARA will hold
a Flea Market at the George Wallace Civic Center, Fitchburg.
10 AM to 3 PM. Vendors setup 8:30 AM. Admission $2. Tables
$10. Talk in o 144.85/145.45 and 146.52. For table reservations
contact James Beauregard, KB1AY, 7 Mountain Avenue, Fitch-
burg, MA 01420.

OHIO: April 29. The 19th Annual B*A*S*H will be held on Friday
night of the Hamventian at the Conference Center {Madison
Room) of the HARA ARENA AND CONFERENCE CEMTER, (the
same location as the Hamvention), starting at 7:00 PM. There
is no admission charge, and free continuous entertainment. Hot
dinner, sandwichs, snacks and beverages are available. Two
exciting top awards, and many others. Stay right at HARA when
the Hamvention closes on Friday evening and meet your friends
and join us for an evening of fun and entertainment. Sponsored
by the Miami Valley F.M. Association, PO Box 263, Dayton, Ohio



OHIO: Apnl 29. The Dayton-Cioncinnati chapter of the Quarter
Century Wirless Association announces the annual QCWA
banguet Friday ovening at Neil's Heritage House. COD bar 6:30
PM, banquet 7:30 PM EST. Tickets $13.00 each. Bob Dingle
KA4LAU, 657 Delll Ridge Drive, Dayton, Ohio 45429 (513)
299 714, Comae join the fun

OHIO: DAYTON HAMVENTION WEEKEND. Apnl 29 The
Third Annuasl DX Dnner hosted by the Southwest Ohio DX
Association, Stouffers Dayton Plaza Hotel. Banquet $20.00 per
person payable in advance 10 S W.0.D. X A Send check or MO
wath SASE 1o Jay Slough. K4ZLE, 8183 Woodward Drive, Waes!
Chaster, OH 45069

SOUTH CAROLINA: Apnl 30 and May 1. The 45th annual
Greenville Hamfest sponsored by the Blue Ridge Amateur Radio
wety, Amencan Legion Fargrounds, Greenwille. License
exams, indoor/outdoor flea market!, lood, concessions, free
parking, camping and more. Apnl- 30 8 AM 10 5 PM; May 1
B AM 10 3 PM. Admission $4.00 sdvance; $5.00 st the gate
For tickets and information SASE to BRARS, PO Box 6751
Greenville, SC 29606

NEW YORK: May 1 The Suffolk County Radia Club Indoar

Outdoor Electronic Flea Market, Republic Lodge No. 1987, 585
Broadhollow Road, Mehvalle, LI 8 AM 10 2 PM. Admission $3.00

Non-ham spouse and kids free. Indoor tables $10.00 each. ODut

door space $7.00. Includes one admission, Talk in on
144 61/145 21 and 146 52 simplex. For information Bill Sullivan

NZETG (516} 6899871 avenings

NEW YORK: May 7. The Z0th annual Southern Twer Hamifest,
Treadway hn, Bt 17, Owego. Admission 34,00 Under 14 free
Dinner and gate ticket combined $15 in advance. VEC exams
forum, displays, flea market. For more information or
SASE 1o STARC, PO Box 7082, Endicon, NY 13760

ticks

MINNESOTA: May 7. Swapfest ‘88, sponsored by the Arrow
Radio Ammeur Club, First United Methodist Church, 230
Skyhine Parkway, Duluth, 10 AM 10 3 PM_ Admission 54 .00
4" tables 55 00, Talk in on 146,34/ 94 For information contact
Ron Carlson, KDBR, 5128 Wyoming Straat, Duluth, MN 55804
1218) 525-6860

WISCONSIN: May 7. The Oraukes Radio Club is sponsoring
its 10th annual Cedarburg Swapfest, Crcle B Recreation Center
Highway 60 and County |, Cedarburg, 2 mil rth of Milwau
koo B8 AM 10 1 PM. Admission 52 00/ advance, 53 00/ door. 4°
tables $3.00. Food and refreshments available. Sellors setup 7
AM. For tickets, maps or more information business SASE
1o 1988 ORC S 101 E. Clay 51, Saukwville, W1 53080 or
call (414) 2843271

ILLINOIS: Kankakee. May 15, The annual Kankakee Hamfest
nsored by the Kankakoe Area Rado Sockety will be held a1
Kankakee County Fargrounds from 8 AM 10 3 PM, Froe llea
market tables (mited) and many exhitntors. ARRL Booth, Free
ung. Food and drinks available. Adr n §2.50 advance
00 at the door. Setup May 14 6 PM 1o B PM and May 156
o8 AM. Talk inon 146 34/94. More information from KARS
Frank DalCanton, KAGPWW, AR 1. Box 361, Chebanse
ws 60922 Tel B15-932.6703 atter 5 PM CST or 815.937. 2452
olore 5 PM CST

th

NEW JERSEY: May 22. The Bergen County ARA is sponsor
ing s Sprng Hamfest, Bergen Community College, 400 Par
amus Road, Paramus, Aain or shine. B AM to 4 PM % $5.00
per wailgate space. Buyers free admission. License exams 8- 11
AM. Testing information ONLY Pete Adely, KIMHP (201}
7966622 For GENERAL inlormation Jim Joyce, K2Z0, 786
Ridgewood Blvd, Westwood, NJ 07675, (210) 6646725 Talk
i on 146.19/79 and 62 direct

OPERATING EVENTS

“Things to do

APRIL 23: The Great River ARC of Dubunue, Towa will oger
e NAFVN from 15002 to 21002 at the site of the annual Boy
seouts of Amenca ULS. Grant Pllgnmage in Galena, lllinois
Lower 20 KC of General Bands. Scouts will be able 10 send mes
sages (o relatives. For OSL card SASE to NSFVYN, RR 1, Shulls
burg., WI 53586

APRIL 23: INTERNATIONAL MARCONI DAY. The Corish
Hadwa Amateur Club, Cormwall, England, and five othor stations
de ropresenting sarly Marconi station locations, will
thee birthday of Gughelmo Marcom on Apnl 23, from
00002 10 24002 Partigipating statwons GBAMD, vVO1MD
VETIMD, EIZIMD_ IYAFGM and K1VV/IMD Operanon will be on
General C ands. For a ce cate for working 5 of the 6 sta
send 3 IRC's to the Cornish Radio Amatear Club, PO Box

10, Trura, Cormwall, England

MAV 7: BOY SCOUTS

of the DuPage Arsas Council will operate

stabon
1\-1[1] to (900
Special Event
i1 hobiby for sl yourth

PO Box OSL, Wheaton, IL

60189, Al '_'u:-lll-il'\uu.l

THE FOUNDATION FOR AMATEUR RADIO, INC plans 1o
wen iy eght schalarstips tor academic year 1988 89 1o

i Rado Amateurs ) suer @ full time
study beyond high school
ce pl- = by an sccredited unneesity, college o 1
information write FAR Scholarshg
wir, College Park, MD 20240 proor 1o May 31

enrolled

Rhode lslar || ave

HAM EngS The MIT LUHF Repoater As
Hado Sox otfer monthily Ham l-u"-
tra ‘:‘\.’.-

Cambwmdgpe uestod 2 day viv "
1t Ron Hottmann ot (617) 636 1641 Exam lm 1 &0 Bring
1 copy of your current heense (f anyl, two forms of picture 1D
indd a completed form 610 availabile from the FCC i Quincy
MA (617) TIO 3

SUBSCRIBE

AND RENEW

TOLL-FREE

1YR - $22.95 2YRS - $38.95

3 YRS - $49.95
Prices U.S. only

1 MASTERCARD —
1 VISA ] BILL ME

Please have your charge card ready

DATATEL

800-341-1522

Weekdays 8 AM - 9 PM EST » Saturdays 9 AM - 5 PM EST
IN MAINE CALL COLLECT (207) 236-2896

OUR 800 NUMBER IS FORSUBSCRIPTION ORDERS ONLY!

For Errors or Change of Address CALL ham radio
direct at (603) 878-1441 8-5 EST
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149 - Ace Communications, Inc 55 186 - Midland Technologies B8
134 - Advanced Compuler Controls, Inc 43 155 - Minds Eye Publications 62
163 - Advanced Receiver Research 68 111 - Mirage Communications 19
191 - AEA a5 167 - Mirage Communications 72
139 - All Electronics Corp 416 156 - Mission Communications 62
128 - Alpha Delta Communications 40 194 - Missoun Radio Cenler 89
141 - Amencan-Lightwave a6 168 - Morlan Soltware 72
110 - AMSAT 18 118 - Matron Electronics 30
135 - Antennas Waest 43,84, N 176 - NCG B2
113 - ARAL 22 150 - Nemal Electronics 55
184 - ARRAL B8 180 - Nuls & Volis 86
* . ARAL National Convention, Portland 76 196 - OPTOelectronics 100
115 - Astron Corp 25 124 - P C Electronics az
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- Barker & Willamson 78 117 - Pac-Comm Packet Radio Systems, Inc 30
o Tt : r The Flying Horse
- Barry Electronics 48 Pegasus Message Corporation 75
137 - Bilal Company 43 143 - Pipo Communicalions 48 se t 5 t h e S t an d a r d s
152 - Buckmaster Publishing 55 195 - Hadio Amateur Callbook 98
193 - Buckmaster Publishing N 165 - The Radio Connection 68 Continuing a 67 year tradition, we bring
® . Butternul Electronics 22 112 - Radio Shack 21 you three new Callbooks for 1988,
* _ Caddell Coil Corp 79 172 - Radiosponing 75 The North American Callbook lists the calls,
192 - Coaxial Dynamics, Inc 94 130 - The Radio Works 40 [names, and address information for 478,000
g . licensed radio amateurs in all countries of
- Sone 4 lect s, | 7
140 - Communication Concepls, Inc ] 166 - Ramsey Electronics, Inc North America, from Canada to Panama
154 - Communications Specialisis 59 188 - The RF Connection 93 lincluding Greenland, Bermuda, and the
106 - Connect Systems inc 1 * _AF Paris 29,82 Caribbean islands plus Hawaill and the
.S .
135 - Consolidated Electronics 43 145 - Rutland Arrays Ay |V-2-PUSEEIBONS
* . Courage Handi-Ham System 6 146 - S-Com Industnes 48 The International Callbook lists 481,000
) < licensed radio amateurs in countries outside
T T 78 161 - Sommer 65
J 3 CTH . = MNorth America,. Its coverage includes South
Dayton Hamvention 58 - Spec-Com ?2 Y America, Europe, Africa, Asia, and the
181 - Detection Dynamics 89 138 - Spectrum Intarnational 45 Pacific area (exciusive of Hawaii and the
170 - DeVry VEC 72 160 - Stone Mountain Engineering Co B4 U.5. possessions).
185 - Digimax Instruments Corp B8 158 - Stndsburg Engineenng Co 64 The 1988 Callbook Supplement isa new idea
177 - Down East Microwave 82 174 - STVIOnSal 8 |in Callbook updates, listing the activity in
g 3 ; . P ap [ POth the North American and International
126 - DRSI 36 144 - Synthetic Textiles, Inc Callbooks, Published June 1, 1988, this
162 - EEB 66 127 - TE Systems 38 | supplement will include thousands of new
109 - EGE. In¢ 16 179 . Tel-Com BG licenses, address changes, and call sign
¥ changes for the preceding 6 manths,
Engineanng Consulling 62 183 - Texas Radio Products 89 ¢ 96
121 - Epsilon Co <l 169 - Thermax Corporation 72 | The 1988 Callbooks will be published
. December 1, 1987, See your dealer or aorder
F < a9 e T a9 '
IH': e i 122 - Transvenars Unlimisd now directly from the publisher,
Falcon Commumicalions 94 171 - Unadilla/Antennas Etc 75 S
: . = =
116 - GLB Electronics 27 - University Microfilm Int 22 nMNorth American Callbook
153 - Gordon West Radio School 54 120 - Vanguard Labs 30 incl. shipping within USA $28.00
131 -GTI 40 108 - Varian EIMAC 13 incl, shipping to foreign countries 30.00
189 - GTI 93 129 - VHF Communicalions 40 1 International Callbook
133 - HAL Communications Corp 42 142 - WSINN Anlennas 46 incl. shipping within USA $30.00
t f 3 [ 2.
180 - Hall Electronics 93 151 - Western Electronics 55 incl. shipping to foreign countries 32.00
147 - Ham Radw Outhat 50, 51 159 - Wi-Comm Electromcs Inc 64 1 Callbook Supplement, published June 1st
. . ~ = » . hin USA £13.00
Ham A skslote 22,39, 62, 78, 85. B9 175 - World Dala Enterprises ] incl. shipping wit
. Haay Fadio's Bookelot e s . incl, shipping to foreign countries 14.00
The Ham Station 64 125 - Yaesu USA 35
* _ Hamironics, NY a7 197 - Yaesu USA ci sPEClﬂl. UFFER
" - Hamtronics, PA 46 132 -EH YostCo 40 | nBoth N.A, & International Callbooks
123 - Heath Company 3 incl, shipping within USA $£55.00
105 - ICOM America. Inc ci incl. shipping to foreign countries 60.00
167 - X Equipment Lid 62 PRODUCT REVIEW/NEW PRODUCTS I T
148 - Jun’s Electronics 52 Hlinois residents please add 6:% tax.
119 - Kennedy Associales 30 305 - Ameco 94 All payments must be in U5, funds.
* . Kenwood U.S A Corp 2.5 7,15 CIv 301 - Antennas Wesl a2
178 - Larsan Anlennas 85 301 - Enrharn Technological Operations. Inc 92 RADIOD AMATEUR I I L k
164 - Madison Electronics Supply 68 303 - Encomm, Inc 92 ca o0 INC
107 - MFJ Enterprises 8 306 - Epsilon Co 92 \\ 3* Dapt. f )
~ . o4 925 Sherwood Dr,, Box 247
187 - Micro Control Speciallies 83 304 - ICOM Amarica, Inc . _
. = - Lake Hiuff, IL 60044, LUUSA
114 - Microflect a9 Kenwood USA Comp 92
Tel: (312) 2346600
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MISSOURI

RADIO CENTE

g 1-800-821-7323

KENWOOD

TS440S ox-ciTING”

» 100% Duty Cycle

* 100 Memories

* Direct Keyboard Entry

* Optional Built-in AT

On Sale Now, Call for Price!

INVHFIUHF
FT-T67GX  gascoranion
* Add Optional 6m, 2m &
70cm Modules
* Dual VFO's
* Full CW Break-in
» Lots More Features

IC-761 NEWEST HF SUPER RIG

* 160-10M/General Coverage
Receiver

* Built-in Power Supply and
Automatic Antenna Tuner

* SSB,CW, FM, AM, RTTY

* QSK to 60 WPM

ALD-24T DUAL BAND MOBILE

* 140-149.995 MH2z/ 440-450 MHz

* 25 Walts on Both Bands

* Crossband Full Duplex

* 21 Memory Channels

» CTCSS Encoder/Decoder,
Standard

KENWOOD

TS-140S AFFORDABLE DX-ing!

* HF Transceiver With
General Coverage Receiver

* All HF Amateur Bands

= 100 W Qutput

» Compact, Lots of Features

FT-736R vHF-UHF BASE STATION

* SSB, CW, FM on 2 Melers
and 70 em

+ Optional 50 MHz, 220 MHz or
1.2 GHz

* 25 Watts Output on 2 Meters,
220 and 70 em

* 10 Watts Output on 6 Meters
and 1.2 GHz = 100 Memories

b -l

T

@2 ICOM
S AT ¥ r.‘_

1C-735 COMPACT HF TRANSCEIVER

* All HF Band/General
Coverage Receiver

* 12 Memories/Frequency and
Mode

* USB, LSB, AM, FM, CW

* 100 Watts Output

» Includes HM-12 Scanning Mic

2m and 220 MHz Amplifiers
GaAsFET Receive Pre-Amps
and High SWR Shutdown

Prctection
144 MHz
MODEL

223 2inf30 out
2:217 2ini170 out
2-117 1010170 out
220 MH2

3.22 2 inf20 out
2211 2in110 out
3312 30 in/120 oul
CALL

omO=20 mMrean

KENWOOD

T™M-221A

* 2m FM Mobile Transceiver
* 45W Output wiHiLo Switch
* 14 Multi-Function Memories
* TM-421A Available For

440 MHz

FT-212R

THE "ANSWERING MACHINE" MOBILE
* Rx: 138-174 MH2z

* Tx: 144-148 MHz

* 45W Qutput

* Digital Voice Recorder

* FT-712 RH for 70cm

1C-900 six BANDS IN ONE MOBILE

* Remote Controller, Interface
A Unit, Interface B Unit,
Speaker, Mic and Cables

* Six Band Units to Choose

* 10 Memories Per Band

= Programmable Band Scan

* Fiber Optic Technology

ASTRON

CORPORATION

Power
Supply

« RS7TA ... %48
* AS12A ., .. $68
* RS20A . .. %88
* RS20M . . $105
* VS20M .. $125
= RS35A ..$133

« AS35M.
* YS35M .
* AS50A .
* ASS50M .
» RM50A .
* VS50M .

.$149
.$165
. $189
.5215
.$219
$229

KENWOOD

TH-25AT
POCKET-SIZED
AND POWERFUL
I * Frequency Cover-
age: 141-163 MHz
(Rx), 144-148 MHz
(Tx)
* Front Panel DTMF
Pad
* 5 Watts Output
* 14 Memaories
*« TH-45AT Available
for 440 MHz

YAESU

FT23/73R
* Super "Mini"”
HT's
« Zinc-Aluminum
Alloy Case
i1 « 10 Memories
* 140-164 MHz,
440-450 MH2z
= 1s 2W Battery
Pack or
Optional
5W Pack

[f31CcoM

I IC-.2AT
IC-14AT

MICROHT'S
FOR 2M, 440
* Pocket Size HT Fun
* Ten Memories
+ LCD Readout
» Wideband Coverage
* Up to 3 Watts Qutput
¢ 32 Buill-in
Subaudible Tones

ya— N

PK-64/HFM

* Morse, Baudot, ASCII, AMTOR
and Packet

* Operates VHF and HF

* You Need Only Your Transceiver
and a Commodore 64 or 128 |

SPECIAL! FINAL CLEARANCE

|

$149.95 Limited Supply

e MOST ORDERS SHIPPED SAME DAY =




OPTOelectronics inc

NFP-‘C')“CKETSIZE [FREQUENCY
COUNTERS

SIZE:4"Hx3.5" Wx1"D
TO 1.3 GHZ

MADE IN USA
8 LED DIGITS -2 GATE TIMES

ANODIZED ALUMINUM CABINET
INTERNAL NI-CAD BATTERIES INCLUDED

AC ADAPTER/CHARGER INCLUDED

wma2oon | 2 GHZ

Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toys!
They can actually out perform units many times their size and pricel Included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC
adapter/charger supplied with the unit.

The excellent sensitivity of the 1200H makes it ideal for use with the telescoping RF pick-up antenna;
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden
“bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit-
ters, signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others.

1.3 GHZ

#1300H

EXCELLENT SENSITIVITY
& ACCURACY

COUNTER

AC-DC - PORTABLE
OPERATION

!
!:eauness

#AC-1200
AC ADAPTER
4 CHARGER

STOCK NO:

#1200HKC _ Model 1200H in kit form, 1-1200 MHz counter complete including
all parts, cabinet, Ni-Cad batteries, AC adapter-battery charger and
instructions . d

#1200HC Model 1200H factory assembled 1-1200 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery
charger . $137.50

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery
. $

charger ; 150.00
ACCESSORIES: -
#TA-1008 Telescoping RF pick-up antenna with BNC connector $12.00
#P-100 Probe, direct connection 50 ohm, BNC connector $18.00

#CC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and

accessories . $10.00

» 196
g ORDER FACTORY DIRECT

. asterCar
FLA (305) 771-2050 1-800-327-5912 M d|

OPTOelectronics inc VISA* | AVAILABLE NOW!

5821 N.E. 14th Avenue Orders to US and Canada add 5% of total [$2 min., $10 max]
Ft. Lauderdale, Florida 33334 Florida residents add 5% sales tax. COD fee 52



Yaesu's FT-736R.
Because you never know

whos listening.

Why just dream of talking
beyond earth?

With Yaesu’s new FT-7T36R
VHF/UHF base station, you
can discover some of the best
DX happening in ham radio.
Via moonbounce. Tropo. Aurora.
Meteor scatter. Or satellites.

You see, the FT-736R is the
most complete, feature-packed
rig ever designed for the serious
VHF/UHF operator. But you'd
expect this of the successor to
our legendary FT-726R.

For starters, the FT-736R
comes factory-equipped for
SSB, CWand FM operation on
2 meters and 70 cm (430-450
MHz!), with two additional slots
for optional 50-MHz, 220-MHz,
or 1.2-GHz modules.

Crossband full duplex capa
bility is built into every FT-736R
for satellite work. And the satel-

e T S T =T —————————————————

sceves FT-736R (RNNEN /| = .o

o

lite tracking function (normal
and reverse modes) keeps you
on target through a transponder.
The FT-736R delivers 25
watts RF output on 2 meters,
220 MHz, and 70 ¢m. And 10
watts on 6 meters and 1.2 GHz.
Store frequency, mode, PL
frequency, and repeater shift
in each of the 100 memories.
For serious VHF/ UHF work,
use the RF speech processor:
[F shift. IF notch filter. CWand
FM wide/narrow IF filters.
VOX. Noise blanker. Three-

position AGC selection. Preamp

switch for activating your

By )

tower-mount preamplifier. Even
an offset display for measuring
observed Doppler shift on

DX links.

And to custom design your
FT736R station, choose from
these popular optional accesso
ries: [ambic keyer module.
FTS-8 CTCSS encode/decode
unit. FVS-I voice synthesizer.
FMP-1 AQS digital message
display unit. 1.2-GHz ATV mod-
ule. MD-1B8 desk microphone.
E-736 DC cable. And CAT
(Computer Aided Transceiver)
system software.

Discover the FT736R at
vour Yaesu dealer today. But
first make plenty of room for
exotic QSL cards. Because
you never know who's listening.

YAESU

ey —————

[ e L <

(315) 404-4854. Parts: (219) 4044847 ©
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- KENWOOD %

...pacesetter in Amateur Radio

220: FM for All!

Kenwood brings you a wide range full-featured HT covering 220—225 The TM-321A is the 25 W, 220 MHz,
of 220 MHz gear designed for every MHz. Ten memory channels and 2.5 14-memory version of the super popular,
need. Choose from two types of mobile  watts of power. (5 W with PB-1or super compact TM-221A. The 25-watt

and two types of HT. The TH-315Ais a 12VDC.) Uses the sameaccessoriesas TM-3530A has 23 memories, a 15 tele-
p———t the TH-215A for 2 meters or TH-415A phone number memory and auto dialer.

“dr = JF‘_;?’TE’A 440 MHz. For truly “pocket portability,  Direct keyboard frequency entry and
e W e ﬁ?‘”’ec’ choose the TH-31BT, a thumb-wheel front panel DTMF pad enhances oper-

: programmable, 1 watt unit. For mobile  ating convenience. Novice to Amateur
' KENWOOD use, select the TM-321Aor TM-3530A.  Extra, these transceivers will put
‘ T everyone on the air “Kenwood Style"!

Y.

; T Compact mobile / (/774 TH-31BT/31A
O bt s transceiver p 44 e : t-held HT

¥
pu— e Lo oL gt
== -, Ney,

5 " = ' . e
S T e i

oL
= e

= : TM-3830A

=] &= ;
4984
il {9

iaCs L 1= T 30w

25 KEN\WOOD

KENWOOD U.S.A. CORPORATION

L=

The TM-321A comes with 16-key DTMF mic.
A complete line of accessories is available for all models.
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