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THE ONE FOR THE ROAD

e Compact Size

e Simple to Operate

e Large LCD Readout
® 25 or 45 Watts

® Packet Compatible

e 21 Memory Channels

The IC-28H has all the features
you need for carefree 2-meter mobile
operation. The only thing it doesn't
have is a big price

45 Watts. The IC-28H provides a
full 45 watts of powerful output. The
IC-28A 25-watt version is also avail-
able. Both units have a selectable
low power.

Large LCD readout. A wide-view

LCD readout can be easily read even
in bright sunlight. An automatic dim-
mer circuit reduces the brightness for
evening operation.

» 200

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 98004

alions are approximale and sutyect 1o change withoul notice or obligation Al 1€ OM radios significantly exceed FCC regulations

All state

Wideband Coverage. The IC-28H
performs from 138-174MHz (specifica-
tions guaranteed from 144.00-148MHz)
and includes weather channels. Ideal
for MARS and CAP operation.

Compact Size. The IC-28H meas-
ures only 2 inches high by 5% inches
wide by 7' inches deep (IC-28A is 54

The IC-27H 45 watt and IC-27A
25 watt ultra compact 2-meter
mobiles continue to be available.

inches deep). Great for mobile instal-
lations where space is limited.

21 Memory Channels. Store 21
frequencies into memory, or lock out
certain memory channels. All memories
are backed up with a lithium battery

Scanning. Scan the entire band
or the memory channels from the pro-
vided HM-12 mic

Easy to Operate. With only I1
front panel controls, the IC-28H is
simple to operate.

Available Options. |C-HMI4

DTMF mic, PS-45 13.8V 8A power sup-
ply. UT-29 tone squelch unit, SP-10
external speaker, IC-HM 16 speaker mic
and HS-15/HS-15SB flexible boom
mic and PTT switchbox

3150 Premier Drive, Suite 126, Irving, TX 75063
28H485
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Kantronics SMARTS™

Presenting three intelligent, versatile,
compatible terminal units.

"SMART" means an internal microprocessor is used

to improve performance and add versatility. The

“Smart” Kantronics TU's can transmit and receive -~
CW/RTTY/ASCII/AMTOR or Packet when
combined with your computer and transceiver.

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

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

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

Switched capacitance filters and

LED display tuning make using the

UTU easy for even the Novice. 12

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

UTU-XT The UTU-XT is an enhanced
version of the UTU. Programmable baud
rates, tone frequencies, and tone shifts give

R2Kantronics YTy

UNIVERSA| TERMINAL UNIT

NEW!

KPC-2 Kantronics AX.25 Version 2 TNC fea-
tures a built-in HF modem, full duplex opera-

special versatility. Automatic Gain Control and
Threshold Correction circuits greatly enhance
sensitivity and selectivity. A RTTY signal
detect circuit mutes copy with no carrier, and
the CW filter center frequency and bandwidth
are programmable. Power supply is provided.
Suggested retail $359.95.

tion, multiple connects, and over 100 software
commands. A serial RS-232 or TTL (C-64/
VIC-20) port gives universal compatibility.
The enhanced generic command structure
fits any computer, even PC compatibles. All
this combines to make KPC-2 the only TNC
you'll ever need. Suggested retail $219.00

For more information contact your local v 199
Kantronics dealer or write:

KeKantronics
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Fr y im nay be torad ir
Kenwood's advanced digital know-how 10 ar f each Spht f
brings Amateurs world-wide “big-rig” Kenwi Juenct y b 10 chann
performance in a compact package. We rrxing I petat
vnan [} )

call it “Digital DX-citement”"—that special
feeling you get every time you turn the
power on!

A built-in 5

slandard en an
optional SSB liter
YK-B8S or YK-BBSN) it

POWER

VOICE NB  ATT T T
. . l MF TRANSCEIVER

KENWOOD MODE / KEY ————— —FUNCTION—
ALC PWR BWR RIT/XIT—®~ IF SHIFT  AF -5 RF
By e - RIT A/B

s Fuse cw AM M

~BEND AUTO ATTUNE X7

1-F

—1MHz F.LOCK PROC NOTCH "ﬁ- seecriviry

nmnmn o
OFF

Kenwood takes you
from HF to OSCAR!

intenna tuner (8O m- 10 m)

funer 60 M- 10 mi
le anlenna tuner (160 m
el translator and modem

[i power supply * P5-430
I SP-430 external
mobile mounting bracket
00 Mz W tilters = YK-BBS -
ML |.u-‘._..--|| A5
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the phone call

It took a late-night, long-distance phone call to remind me of what | used to easily perceive
as the excitement of ham radio. The call came from a good friend who'd gotten into Amateur Radio
at about the same time as | did, approximately 28 years ago. Catching up on recent history, | couldn’t
help noticing not only his present and continuing enthusiasm for the hobby, but also his accomplish-
ments over the years. His interests included, but weren’t limited to, antenna and propagation ex-
perimentation, modification of commercial equipment, the design and construction of new equipment,
operation on the newer specialized communications modes, as well as teaching and helping other
Amateurs. But what impressed me the most was his intensity — his desire to do the very best he
could while enjoying what he was doing.

Not long ago | found myself feeling discouraged about the future of Amateur Radio. It's not difficult
to get into this mood. Just listen to discussions on the air, at hamfests and at other meetings. . .
or open up to the editorial page of any ham magazine. There you’ll no doubt hear, or read, that the
average age of Radio Amateurs in this country is rising steadily. If you really want to get discouraged,
tune any of the HF bands (and the most popular VHF band). What do you hear?

e “CQ DX CQ DX.” (Translated, this means '‘l want to contact you, the rare station, as fast as
| can and get your QSL card and then goodbyel’’)

e Or ““Hey, Goofball, this is my frequency and I’'m not moving!”” (Translation: “‘I've been on this fre-
quency for the past three hours and | own it.”’)

® Or “Hey, Joe, are you sure I’m only 37.5 dB stronger than that other W1? By my figuring | should
be at least 40 dB up from him!”’ {Somewhere along the line many of us forgot that the FCC didn’t
intend for us to turn Amateur Radio into a horsepower race.)

e Or, as heard on 2 meters not too long ago, “Tom, / just got this new Loudenboomer amplifier.
It’s wired for 110 volts. How do ya wire it for 220?” (| guess that question wasn’t on his Advanced
class exam).

Is this what Amateur Radio is all about?

There are those who say we need some stimulation and that the solution is obvious: get more youth
involved. Presto! Amateur Radio — if not the world itself — is saved. Quite frankly, | don't believe
in simplistic cures and single-answer solutions. But it is true that in order for any organization to self-
perpetuate, a constant influx of ‘‘newness’’ is required, be it youth itself or just youthful energy and
spirit.

Even if we manage to attract young people to our hobby, it will still take Amateurs {like my friend)
willing to share their enthusiasm and knowledge with them. By helping young people pursue their
own interests, these Amateurs will encourage young people not only to enter Amateur Radio, but
stay there. It won’t be just young people who “‘save’’ Amateur Radio, but those hams like my friend
who make that special effort.

Rich Rosen, K2ZRR
Editor-in-Chief

4 July 1986
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It's the “New Sound” on the 2 meter

band—Kenwood's TR-751A! Auto-
matic mode selection, versatile
scanning functions, illuminated mu
function LCD and status lights all
contribute to the rig's ease-of-
operation. All this and more in a
compact package for VHF stations
on-the-go!

Automatic mode

0144.1 144.51

Optional front panel-se
38-tone CTCSS enco
Frequency range 142-
144 MHz (modifiable to
ver 141-151 MHz)
High performan
aAs FET front

VS-1 v

LSB

seleclion,
8 146.0

leclable
1er

with

e receiwver

en

nce synthesizer opli
¥ MHz/MCH a

F.LOCK
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I “\

VoL -@— SaL
PUSH ON

+

148.0 MHz

All-Mode Moblllty'

idjustable * Dus Iilr}.lﬁl.l

ow

e Programmable anning—memaory e Semi break-in CW w sicde tong
band, or mode scan with "COM’ <-'.H_ 48 16-key DTI 15 .1r1r ICIC
channel and prionty alert phone included

e 10 memory channels far frequency e Frequency lock, oftsal, 1 I
mode, ( ne, offset. Two chan witches
nels for pht s Digitial Channel Link (DCL) ophion

& All mocde uelch, noise blanker Oy ![-l: nal accessories:

iti- 3nd Rl o » CD-10 call sign display
e Fasy-lo-read analog S & RF meter * PS-430, PS-30 DC power supplies

« SW-100A/B SWR/power meter
» SW-200A/B SWR/power metel
* SWT-17-m E
» TU-7 38-tone CTH ent
e MU-1 modem unit for DCL
e VS-1 voice synthesize
* MB-1D extra mobile
unt
o SP -40, SP-50 mobhile
akers
- PG 2K extra DC cable
s PG-3A DC line naise filter
= MC-60A, MC-80, MC-85
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» MC-42S UP/DOWN mi
* MC-55 (8-pin) mot
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SEVERE SANCTIONS AGAINST CASUAL SWL'ING STILL REMAIN in the latest version of the
"Electronic Communications Privacy Act of 1986" adopted unanimously by Rep. Kastenmeier's
subcommi ttee May 14. Though the Act specifically exempts any station transmitting in an Amateur
band, it is still based on the negative philosophy that a U.S. citizen has no right to tune to
any radio transmission except as permitted by the government (see the editorial in February’'s

Ham Radio). Furthermore, this latest version now defines "interception” of radio or other
electronic communications as the interception pf the transmission jtself rather than its

content! The Act provides for fines up to $18,800 and a year in jail for tuning in remote
broadcast pickups, possibly any ship-to-shore communications, any kind of encoded
transmissions, RCCs (older type car phones), and any FM subcarriers.

The Celluylar Telephone Industry Didn’t Get Exactly what it wanted; the penalty for
receiving cellular would be only $588 and/or six months in jail. However, when Rep. Mike DeWine
(R-Ohio) offered an amendment to limit the Act to encrypted communications or the disclosure of
the contents of protected but unencrypted communications, Rep. Kastenmeier responded saying he
wanted his bill to discourage casual listening -— even though the Justice Department has said
it couldn’t and wouldn't enforce the Act against casual listeners. That amendment, and snother
by DeWine to eliminate the six-month penalty for eavesdropping on cellular communications, were
both voted dawn.

The Act (HR-3378) Now Goes To The House Judiciary Committee where it is expectaed to meet
with little opposition. At the same time hearings on the Senate’'s version of the bill, S-1667,
are expected to be scheduled in the very near future.

A 30-DAY WAIT BEFORE RETAKING AN AMATEUR EXAM IS INDEED UNNECESSARY, the FCC affirmed in
deciding against ARRL ‘s Petition for Reconsideration in PR Docket 85-31. The League had argued
for retaining the delay because its program is set up so that ARRL VEs can use the same exam
for some period of time, but the FCC said in its decision, "We will not retain it [the wait]
merely to accommodate the administrative choices made by one or more VECs. It is far more
important to eliminate unnecessary and outdated government regulations."

PRB-1 HAS APPARENTLY RESOLVED KA7TVC'S ANTENNA PROBLEM with Kirkland, Washington
authorities (see June Presstop). His 2-meter vertical had been cited under a city ordinance
restricting transmitting antennas, but Kirkland is considering its law firm's advice to revise
its ordinance to agree with PRB-1 and has dropped its action against KA7TVC.

An_Qrdinan Limiting An s Tg Six Feet [] Roof Line in the District of Columbia was
up for first hearing at presstime; ARRL has prepared a strong presentation against the
proposal. Bills limiting all towers in New York State to 50 feet or tree—top height, whichever
is lower, have been introduced in that state’'s legislature.

SUGGESTIONS AND COMMENTS FOR THE VEC PROGRAM ARE BEING SOUGBHT by the Council for Amateur
Radio Examining (CARE) in preparation for a meeting with the FCC tentatively set for August.
The Washington meeting, for all accredited VECs, will review how well the praogram is working
and how it might be improved. Write CARE, Box 688, Glenview, Illinois &0025.

A NEW BAND PLAN FOR 1@-METER FM WAB SUPPORTED by nearly 108 Amateurs attending the 10—Meter
FM Forum at the Dayton Hamvention. In brief it would change the repeater offset to 400 kHz
instead of 188 kHz and use 29.5@-29.68 MHz for the repeater cutputs. Repeater inputs would then
be 29.10-29.2B, on 20 kHz centers. 29.3-29.4 MHz would be used for FM simplex, with 29.4-29.5 a
"No~-FM" slot for OSCAR downlinks so long as any Amateur 10-meter satellites remain operational.
A formal Petition for Rule Making is being planned; Bob Heil, K9EID, would appreciate comments;
write Bob at Box 7B, Mariss=a, Illinois 62257.

Revision of 10-Meter Beacon Operation into a system similar to the 2@0-meter beacon system
operating on 14,108 MHz has been proposed by the IARU. In Resolution 85-1 the Union would set
aside 28.190-28.208 MHz for beacons, with a worldwide beacon network on 28.200 and regional
networks from 28.19@ to 28.199. Almost all 10-meter beacons now on the air operate between
28.200 and 28.300, but if the proposed expansion of 1@-meter Novice privileges is adopted, the
usefulness of these beacons —— most running low power —— would be seriously compromised. G3DME
coordinates the International Beacon Project for IARU.

LABELS SPECIFYING RFI SUSCEPTIBILITY ON HOME ENTERTAINMENT EQUIFMENT are being sought by
the ARRL in a Petition for Rule Making filed with the FCC. If adopted, the proposal would
require every such device to carry an FCC-mandated label or tag that would specify just how
susceptible that device is to interference from nearby transmitters.

i To Fight Th u : igi that put him off the air as a
"nuisance" to his neighbors’ home entertainment equipment (see June Presstop). Though it now
looks as if he may receive some support from commercial two-way users who are concerned about
the possible impact of the decision on their operations, he‘ll still need help from the Amateur
community to meet the estimated $15,000 cost of the appeal.

6 July 1986
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Accessories

Not Shown:

PU'TC 5(-] Desk-lop micro
phone Hi/lLa Z. 4-pin connector
MC-80 Desk-top microphons
F00 Q umdirectional electrel
element with llexible boom
Built-in mic. pre-amp and UP
DOWN switch, with lock: (8-pin)
MC-4&

with 16k

T T

na mucropnont
MFE pad anda UP.

DYWL anil F
LIOUVVIN SWwiHCHhe

MC 4€

(6-pin)

> KW PEP/HT KW DC Input Line: .\-’1‘\, l_f S Hand mi rophone
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A
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ireunl

. SM-220 station monitor/10
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5. T5-8305). Monitor hand microphone. 50 k Q (4-pin)
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BEST OF MFJ

MFJ 24 HOUR
LCD CLOCKS

These MFJ 24 hour clocks make
your DXing, contesting, logging
ahd SKEDIng easier, more precise.

Read both UTC and local time
at a glance with the MFJ-108,
$19.95, dual clock that displays
24 ahd 12 hour time simultaheously
Or choose the MFJ-107, $9.95
single clock for 24 hour UTC time.

Botn are mounted in aprushea aluminum frame,

feature huge easy-to-see 5/8 Inch LCD numerals
and a sloped fate that makes realling atross-the-
shatk eady and pleasant.

MFJ.12'24 HOUR DUAL LCD CLOCK

MODEL WP J 108

mr

You can read hour, minute, second, month and
day ahd operale them in an alternating time-date
display mode. You can also synchronize them to
WWV for split-second timing. Both are quartz
controlled for excellent accuracy.

MFJ-108
$ 1 995

MFJ-107

¢ Fas

m7

.--33995 8154 HOL S LB B Ot
| ik

They are battery operated so you don't have to
resel them a'ter a power fallure, ahd battery
operation makes them suitable for mobile ahd
portable use. Long life battery included,

MFJ-108 is 4'ax1x2 in. MFJ-107 is 2Vax1x2 In.

RTTY/ASCII/AMTOR/CW wmrs-1228
COMPUTER INTERFACE $179.95

‘II!'H W PELURE Cm LS et [ ]
o

-0 a;éio'-,ii o

Everything you need Is Included for sending and
recelving RTTY/ASCII/CW on a Commodors 64
or VIC-20 and your ham rig. You get MFJ's most
advanhced ~omputer interface, software on tape
and all cables. Just plug In and operale.

The MFJ-1229 Is a general purpose computer in-
terface that will never be obsolete An Internal
DIP switch, TTL and RS-232 ports lets you adapt
the MFJ-1229 to neatly ahy home computer and
aven operate AMTOR with appropriare software.

A crosshalr “'scope’ LED tuning afray makes
atcurate tuning fast, easy and precise.

You can transmit both narrow (170 Hz) and wide
(850 Hz) shift while the variable shift tuning lets
you copy ahy shift (100-1000 Hz) and any speed
(5-100 wpm, 0-300 bald ASCII).

Automatic threshold correction and sharp multi-
pole attive filters give good copy under severe
QRM, weak signal and selective fading.

Thers's an FM (limiting) mode for easy trouble
-free tuning that's best for general use ahd an
AM (non-limiting) mods that gives superior per-
formance under weak signals and heavy QRM.

A handy Normal/Reverse h eliminates re-
tuning while checking for | RTTY.

An axtra sharp 800 Hz CW filter really separates
the signals for excellent copy.

12Y2 x 12V2 x 6 Inches. Uses floating 18 VDC or
110 VAC with MFJ-1312, $9.95.

MFJ PORTABLE ANTENNA
MFJ's Portable Antanna lets you operate 40, 30,
20, 18, 15, 12, 10 meters from apartments, motels,
camp sites, vatation spots, Thy electrically clear
location where spate for fulll size ahtenna’is a
problem,
A telescoping whip (extengls 54 In.) is mounted
on self-standing 5% x 6% ®2% Inch Phenolic
case. Bullt-in ahtenna tuner@ield strenght meter.
50 feet coax. Complete mulf-band portable an-
tenna system that you cah
300 watts PEP.

MFJ-162:
$79.95

MFJ ANTENNA BRIDGE mrs-2048
$79.95

Now you can qnlﬂdy npﬂmln your
antenna for peak performance with
this portable, totally self-contained
antenna bridge thal you can take to
your ahtenna’site—no other equip-
ment Is needed.

You can determine If your antenna Is
too long or too short, measure Its
resonant frequency and antenna
resistance to 500 ohms. It's the
easiest and most convenient way to
determine ahtenna performance avall
able today to ahyone. There's nothing
alse llke it ahd only MFJ has it. Bullt-in resistahce
briige, null meter ahd tunable oscillator-driver
(1.8-30 MHz). Uses 9 V battery. 4 x 2 x 2 inches.

REMOTE ACTIVE ANTENNA
The authoritative ''World Radlo TV Handbook''
rates the MFJ-1024 a5 "'a first-rale easy-lo-oper-
ate gttive antenna ... Quiet. with excellent dy-
narnll: range and good galn ... Very low noise fac-
. Broad frequency coverage ... the MFJ-
1024 is an excellent choice in ah active antenna™
54'Inch remote active antenna mounts outdoor
from slectrical noise for maximum signal and
mum noise pickup. Often outperforms long-
hundreds of feet long. Mount anywhere-atop
s, bulldings, balconies, apartments, ships.
with any radio to receive strong clear signals
al over the world. 50 KHz to 30 MHz. High
mic range eliminates Intermodulation. Inside
ol unit has 20 dB attenuator, galn contral.
Switch 2 receivers ahd auxiliary or active
ahtenna. "'On"" LED.6x2x5in.
50 ft. coax. 12 VDC or 110 VAC with
MFJ-1312, $9.95.
MFJ-1024

$129.95

200 WATT VERSA TUNER
mrJ-018 $59.95

MFJ's smallest
200 watt
Versa Tuner
matches coax,
random wires
and balanced
lines from 1.8 thru 30 MHz. Works with all solid
stale ahd tube rigs. Very popular for use between
transceiver ahd final amplifier. Efficient alr-wound
inductor gives more watts out. 4:1 balun, 5x2x6 in

ROLLER INDUCTOR TUNER

Inductor tuner lhat Iets you run up {o 3 KW PEP
and match everthing from 1.8 to 30 MHz.

Designed to match the new smaller rigs, the
MFJ-989 [s the best roller Inductor tuner pro-
duced by MFJ. Our roller inductor tuner features
a 3-digit turn counter plus a spinner knob for pre-
cisa Inductance control for maximum SWR reduc-
tion. Just take a look at aN these other great fea-
tures! Bullt-in 300 watt, 50 ohm dummy load,
bullt-In 4:1 balun and a bulit-In lighted meter that
reatls SWR and forward and reflected power in 2
rahges (200 and 2000 watts). Accuracy +10% full
scale. Meter light requires 12 VDC. 6 position ah-
tenna switch. 10% x 4% x 15 inches.

MFJ “DRY" DUMMY LOADS
MFJ-262 MF.J-260

$64.95 ” $26.95

MFJ's “Dry" dummy loads are air cooled—no
messy oll. Just right for tests and fast tune up. Non-
inductive 50 ohm resistor in aluminum housing
with S0-239. Full load to 30 seconds, de-rafing
curve to Sminutes. MFJ-260 (300 watt), SWR 1.1:1
to 30 MHz, 1.5:1, 30-160 MHz, 2V2x2V2x7 in. MFJ-
262 (1 KW), SWR 1.5:1 to 30 MHz, 3x3x13 inches.

MFJ ELECTRONIC KEYER
MFJ-407

ﬁ

MFJ-407 Deluxe Electronic Keyer sends lambic,
alitomatic, semi-auto or manual. Use squeezs,
single lever or strarght key. Plus/minus keying. 8
to 50 WPM. Speed, weight, tone, volume controls.
On/OH, Tune, Semi-auto switches. Speaker. RF
proof. 7 x 2 x 6 inches. Uses 9 V battery, 69 VDC
or 110 VAC with AC adapter, MFJ-1305, $9.95

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT SATISFIED, RETURN WITH-
IN 30 DAYS FOR PROMPT REFUND (less shipping).

* One yeal unconditional guarantee » Made In USA

* Add $5.00 eath shipping/handiing = Call or write

for free catalog. over 100 products.

MFJ ENTERPRISES, INC.
Box 494, Mississippi State, MS 39762
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TO ORDER OR FOR YOUR NEAREST |
DEALER, CALL TOLL-FREE visa*
&
800-647-1800
Cal 601-323-5869 in Miss. and outside MasterCard
mntinenlal USA Telex 53 -4590 MFJ STKV
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amplifier parasitics

Dear HR:

Richard Measures’s article in the
April, 1986, issue, ‘‘Grounded-Grid
Amplifier Parasitics,”” was most in-
teresting. It provided insight into sev-
eral amplifier circuit designs that are
indeed troublesome.

I, too, experienced parasitic oscilla-
tions in my first SB-220. While the
plate tuning capacitor did arc over, no
damage was done. A local Amateur
who was well versed in VHF equip-
ment construction pointed to the sil-
ver mica capacitor and RF choke tied
from each tube socket grid pin to
ground as suspect. At his suggestion,
the component leads were reduced to
the shortest possible length. The
choke was also re-positioned so that
its “cold’’ end was laid against the
chassis. This appeared to reduce the
choke Q and lessen the probability of
parasitic oscillation. After these simple
madifications, the ampilifier remained
stable. The tuning capacitor never
arc’ed again.

For the past eight years {'ve had
first-hand production experience with
several hundred HF linear amplifiers
using the Eimac 8874 and 8877. To
date |'ve not seen a single case of para-
sitic oscillation or instability of any kind
with these tubes. In addition to care-
ful circuit layout, the key to stable
operation appears to be the use of
Eimac’s recommended tube sockets.
It's no accident that a tube manufac-
turer specifies all relevant operating
parameters — from airflow require-

ments, to element voltages, to such
mundane items as heat-dissipating
anode connectors and sockets. The
E.F. Johnson socket specified for use
with the 8874 can be mounted so that
the grid pin terminal lugs are bent over
and soldered directly to the socket sad-
dle. The Eimac SK-2210 socket for the
8877 provides four short, direct, grid
grounding spring clips. In both cases,
the grid-to-ground connection has
very low inductance and a large con-
ductive area.

The possibility of interelectrode
shorting demands the inclusion of a
current limiting resistor in the plate
supply. Without it, the tubes and HV
rectifiers are in jeopardy. The resis-
tance provides a voltage drop that’s
dependent upon the current drawn.
The voltage drop can actuate a plate
current relay that turns off the ampli-
fier if the dreaded short occurs. This
resistor, like the “feedback resistors’’
in AG6K’s article, provides cheap
insurance.

Reliable equipment operation isn't
magical. Nor is it accidental. it should
be the heart of the design.

Ray R. Heaton, NJOG
Canon City, Colorado 81212

Dear HR:

Having had 36 — [ repeat, three
dozen — 572 tubes fail in a manner
similar to that described by AG6K, in
his April article (page 31), | found his
conclusions very interesting and pro-
vocative.

The amplifier | was using was grid-
driven, neutralized, and had parasitic
suppressors in both plate and filament
leads. The filament lead suppressors
varied from several to as many as eight
turns of No. 14 enameled wire wound
on an 82-ohm 2-watt resistor. | had no
arcing at the plate tuning capacitor to
warn me because the capacitor is rated
at 7000 volts. In every case, the big
bang would result in one tube failing
at a time. The tube would develop a
grid-to-filament short and sometimes
the filament would open.

] liked AG6K’s explanation and cure,
but several things keep sticking in my

mind. He says the cure is 90 percent,
not 100 percent effective. In my case,
on three or four occasions | definitely
saw the grid meter give a reverse kick
just before the big bang. The tubes
were operated Class C with high bias
voltage.

He is right about lots of power be-
ing involved, because the bang would
blow the 30-Ampere fuses in the 234-
volt line feeding the power supply.

The trouble seems to have started
around 1981. Tubes purchased before
that time gave years of trouble-free
operation. | have an old HXL-1 in
which the tubes must be 15 years old.
| may be wrong, but | came to the con-
clusion that the troubles began when
the manufacturer changed the amplifi-
cation factor from 160 to 200. (I have
a feeling AG6K is going to write more
on this.)

John Labaj, W2YW
Elsmere, New York 12054

directive antenna

Dear HR:

W4MB'’s article, “A New Class of
Directive Antenna,” (April, 1986, page
107) — with its coverage of the Land-
storfer antenna — was very interest-
ing. | was impressed when this idea
was recently demonstrated by Frank
Rutter, K3AW, at the Tropical Ham-
boree. Then | remembered that a little
more gain can be developed with a
straight shorter (5/4 wave)} element
Yagi which would be much simpler,
mechanically, to reproduce. An exam-
ple of this, the ‘““extended double
Zepp''-type Yagi beam antenna was
described ““The Extended Element
Beam’ in the December, 1983, issue
of QS7.

The Landstorfer antenna does make
a nice exercise in wave theory. May-
be somebody will come up with a more
compact structure that will provide in-
creased gain and be useful for con-
struction on the HF bands. A step in
this direction is the log-Yagi as outlined
by Leo D. Johnson, W3EB, in “Log
Yagis Simplified” (ham radio, May,
1983). Wayne W. Cooper, AG4R

Miami Shores, Florida
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a VHF noise bridge

Measure resistances
and reactances

to within 3 ohms

at 146 MHz

Although there is no need to enumerate the many
merits of the noise bridge, itis not used as often as one
might expect. One of the reasons for its limited accep-
tance by the Amateur community may be that one needs
some knowledge of the impedance-transforming
properties of transmission lines as well as modest mathe-
matical skills in order to take full advantage of its great
measuring potential.

Several excellent articles about noise bridges operat-
ing in the frequency range of 3.5 to 30 MHz have been
presented in this magazine.'2 However, to date, noth-
ing has been said about a VHF noise bridge.

The usefulness of a noise bridge depends mainly on
itsaccuracy. Throughout the HF spectrumitis difficult
tomaintain a 1 percent accuracy over the relatively large
frequency range of 3.5 to 30 MHz. In the VHF version
bandwidth is small but the operating frequency is con-
siderably higher, which poses the main difficulty. Con-
ventional noise bridge construction with a variable
resistor and a variable capacitor does not lead to
success.

At VHF frequencies, a variable resistor of 200 ohms,
forexample, exhibits too muchinductance. In addition,
the sheer physical size of the variable capacitor in con-
junction with the usually awkward position of its term-
inals make it practically impossible to provide inter-
connections without adding prohibitively large induc-
tances, thus degrading performance severely.

This article describes the construction of a noise
bridge for the 2-meter band (144 to 148 MHz) that has
sufficient accuracy to permit credible and reproducible
measurements on multi-element antennas or antenna
systems consisting of antennaand transmissionline. A
practical example of determining the impedance of an
antenna via its feedline from the shack is presented.
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The fouritems that control noise bridge accuracy are
the wideband transformer, the variable resistor, the vari-
able capacitor, and the physical layout (wiring). Obvi-
ously, single-point grounding is mandatory. If we
replace the variable resistor with a PIN diode and the vari-
able capacitor with five parallel connected tuning di-
odes, it is possible to shrink the size of the noise bridge
to a minimum and achieve almost perfect wiring. A cer-
tain weakness exists because of the rather poor RF
properties of the SO-239 jack; because most Amateurs
use the PL-259 plug, it was retained.

the wideband transformer

The transformer must have electrical symmetry and
close magnetic coupling between primary and secon-
dary windings. It consists of four tightly twisted No. 24
enameled copper wires with 0.5 mm diameter. Two op-
posite wires of the bundle are the primary and secondary
windings. The bundle is threaded about 3.5 times
through a toroidal core — for example, an Amidon T
50-10. The beginning and end of each winding must be
marked with short pieces of sleeving material and then
connected per fig. 1. Itisimportant to have equal wire
lengths between transformer terminals A and D and cir-
cuitry as well as between terminals B and C and point M.
The toroidal transformer must be mechanically secured
to the chassis with nylon hardware to prevent a change
in calibration later on.

noise bridge diagram

The complete schematic of the noise bridge, shown
in fig. 2 consists of a separate noise source and bridge.

The noise signal is fed to the bridge via two equally
long, thin coaxial cables 26.8 inches (68 cm) in length,
corresponding to a half-wavelength at 146 MHz. The
noise source isa6.2-volt Zener diode whose noise spec-
trum is amplified and fed to transformer T2, which is
identical to the bridge transformer T1. The secondary
center tap of T2is connected only to the two shields of
the coaxial cables and not to the ground system of the
noise generator. This results in reduced chassis currents
and guarantees a very sharp null indication by the bridge.
The noise generator is housed in a shielded box away

By A.E. Popodi, OE2APM/AA3K, Moosstrasse
7, Salzburg 5020, Austria



from the bridge section. The adjustable noise level
results inimproved nullindication in some receivers and
helpsin finding the null. The center tap of the secondary

fig. 1. Winding interconnection diagram.

winding of T1is connected through a short piece of coax
to the BNC connector (output to receiver). This BNC
connector should be insulated from the chassis. The
22-uH choke provides the ground return for the diode
current and the tuning voltage. A gear train is recom-
mended for the R and C dials.

mechanical layout

Figure 3 shows the layout of the noise bridge com-
ponents. A base plate of silver-plated brass serves as the
common mounting surface for all bridge parts. Point A
is a short, insulated standoff; points K and L are good
high-frequency feedthrough capacitors. Additional by-
pass capacitors are provided in parallel with the feed-
through capacitors. Ali five diodes are mounted
between two small metal plates that have five holes
each. This diode package is then soldered between their
respective points. Point M, the center tap of the secon-
dary winding, is a plain feedthrough insulator. Paint N
is a heavy but short grounding standoff. It is also the
grounding point for the two coaxial cables that carry the
noise signal. The reference capacitor C, must be sol-
dered directly, with short leads, to the SO-239 jack.
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fig. 2. Noise bridge schematic.
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control signals

The PIN diode requires a stable, constant current
source. A P-channel FET, Q1, serving as constant cur-
rent source, is controlled by the FET-input operational
amplifier U1. At its input, a Zener reference voltage is
compared with the voltage drop that the diode current
generates across the variable resistor R1 and range-
limiting resistor R2. The dial of resistor R1 is calibrated
in ohms. Currentrangeisabout0.2to 10mA, which cor-
responds to a diode resistance variation of 150 to4 ohms.
The connection to the diode should be made using
shielded cable.

The five parallel connected tuning diodes require a
variable DC voltage of 0.5 to 28 volts, controlied by
potentiometer R3. The purpose of the 5. 1-kilohm resis-
tor is to linearize the (nonlinear) relationship between
tuning voltage and capacitance. Transistor Q2 provides
alowimpedance and its base-emitter junction serves to
compensate for the temperature coefficient of the tun-
ing diodes. The 15- and 28-volt supplies must be
regulated.

calibrating the resistance dial

The calibration of the R dial requires a little test jig to
determine the relationship between diode AC resistance
and DC current. Thisis shownin fig. 4. A signal gener-
ator supplies a 30-MHz signal to point A of an SPDT
switch that may consist of a small metal bar that makes
contact with either point B (non-inductive test resistor)
orpoint C (PINdiode}. The DC current can be delivered
by the constant current supply described above or from
an external DC source. A DVM is used to measure the
currentaccurately. A second instrumentis used to mon-
itor the RF voltage at point A. The DC current must be
adjusted until the voltages at B and C are equal. Three
identical, non-inductive resistors of 50 ohms are re-
quired. The first measurement is made with 25 ohms
(two resistors in parallel). The next readings are taken
with 50, 100, and 150 ohms. This test jig must be built
on a copper-clad board, with short leads to all critical
points; a common grounding point is important. If the
values of current are plotted on 3-by-3 decade logarith-
mic graph paper, the four points will lie on a straightline
because of the logarithmic relationship between diode
resistance and diode current. From this graph, the DC
currents for all other resistance values can be read and
the R dial can now be calibrated. (See fig. 5.)

calibrating the capacitance dial

This requires the measurement of the relationship
between diode capacitance and DC voltage. The previ-
ously mentioned diode package can be measured with
a capacitance bridge, but the applied voltage must not
exceed the tuning voltage. Capacitance meters that
use constant current charging cannot be used because
of the 6.2-kilohm resistor.
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fig. 3. Bridge component layout.
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fig. 4. Test setup for resistance dial calibration.
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When we set out to make the best amateur radio
equipment in the world, we had some pretty tough

standards to live up to ...

LA R ] yours

500 EEm ¢ § ... and ours.

So we designed the RC-850 Repeater Controller, the industry's top of the If your repeater budget can't alord the '850, we offer the

line repeater control system, Now in it's “third wave" of innavation, thanks 1o its RC-85 Repeater Controller, which we like to call the “second best

designgd for the future architecture and new software releases repeater controller in the world”, It's a scaled down, simpliied version of
ne ‘850 defines the industry standard in repeater confrol systems aur ‘850, but averall, it offers mare capability and higher quality

than anyone elses control equipment at any price.

Remotely programmable with Touch-Tone commands
Over 175 word cuslomized male speech synthesis vocabulary
Selectable "Macro sets” for easy control operator selection

Fully remotely programmable with Touch-Tone commands

Front panel LED display

Over 300 word customized male and female speech synthesis vocabulary
Time/day of week Scheduler with 10 set-up slates, 30 changeovers and Autopalch, autodial (200) numbers, emergency aulodial, reverse patch
events, over 100 scheduled items for hands off operation and automatic Remotely programmable informative ID's (7), tail messages (3),
reminders. bulletin board (2)

LN ]
LN B N

e Fullor hall duplex autopatch, autodial (250 numbers). emergency aulodial. e Supports synthesized ramote base transceiver, control receiver, alarm
reverse aulopatch, antidialer, toll restrict including telephone exchange e Selectable, informative courtesy tones
tables, supports remote and multiple phane lines e Talking S-meter, Two-tone paging

e Informative remolely programmable ID's (17), tail messages (13), e Easy hookup to any repeater
bulletin boards (5)

e 16 channel voice response analog metenng, automatic storage of For those who like to “roll therr own”, we can get you off to a rolling start with
min/max values on each channel, values may be read back on command  ©Our ITC-32 Intelligent Touch-Tone Control Board Much more

than jus! a decoder, i's a min-control system of its own, with the basic

or may be included in any programmable messages
repealer and remote base lunctions buill-in. And it can be tailored by you

& Supports synthesized remofe base ranscevers and full duplex links
e Individual user access codes to seleclable features with its Personality Prom
o Mailbox for user-to-user, and syslem-lo-user messages e 28 remotely controllable latched or pulsed logic outputs
e Paging-two-tone, 5/6 tone, DTMF, CTCSS, HSC display, o 4 alarm or remote sensed logic inputs

user commandable and may be included in programmable o Response messages 1o confirm command entry

messages (1.e. alarms) e Repeater functions including COR, IDer, timers, courtesy tone, etc
e Easy hookup o any repeater o HRemole base functions including control of synthesized transceiver
Our new Digital Voice Recorder lets you remotely record ID's, tail messages, # Remotely recordable, variable length audio tracks

and vanous olher response messages for automatic playback through your accessed from controller messages

repeater. Audio 1s stored digitally with no-compromise reproduclion guality in e Top quality, no compromise audio reproduction

up to eight megabits of memory. The DVR can support up to three independent e Supports up 1o three repealers lor cost efflective installation

repealers for a low per-channel cost. lts Touch-Tone activated voice mailbox » Expandable 1o roughly 6 minutes of speech in 8 megabils of memory

lets your users easily record messages for other users when they aren't around, e  Easy interface 1o RC-850, RC-85 controllers, or 1o any stand-alone repeater
QST: Attention All Hams

If you own a shack, you should know about ShackMaster™

ShackMaster lels you carry your home stalion with you in the paim of your All our products are documented with high quality, easy lo read manuals
hand. It acts as your gateway to the world, linking your handheld Our goal is to advance the state of the repeater art. But most of all,
transceiver 1o your high perormance HF station Now, instead of your our products put the FUN back into the FUN MODE!

valuable home equipment being available 10 you 1% of the time,

II's available 99% of the ime! Whether around 1he house, in the yard
or across lown, ShackMaster lef's you take it with you

But that's just part of ShackMaster's story. Il lets you communicate
with the family by handling third party traffic - its electronic mailbox and

intercom let you keep in touch. And a simplex patch lets you place m ==
important calls directly through your home phone - . —

@ Crossband inking = VHF/UHF 10 HF

e Telephone access to your home station

e BSR Home Contral imerface

e Electronic Mailbox To order one of these advanced control products, call 408-749-8330

e ShackPatch™ intercom into the shack Technical manuals are available for purchase and the amount paid is applied
e PersonalPatch™ simplex autopatch as a deposit on the equipment. For specifications and a copy of our ACC

Notes newsletler, just write or send in your QSL card to

—]
VISA
e,

o cc ggr\]{]cpnl_ﬁglq 197 Visa and Mastercard accepted
controls, inc. 10616 Northridge Square ®  Gupertino, GA 95014 (408) 749-8330




Another method of measuring the capacitance in
the noise bridge is to connect an inductor in parallel
with the tuning diodes via a large DC blocking capa-
citor. The DC voltage may be set to 3.5 volts. The
anode terminals of the diodes must be isolated from
the noise bridge circuitry and a 100-kilohm resistor
connected from this point to the ground to provide
a DC return for the tuning voltage. With the inductor
connected, measure the resonant frequency first.
Then add a known capacitance, 33 pF, in parallel with
the diodes and measure the new resonant frequency,
repeating this with 68 pF. The values of diode
capacitance and inductance can now be calculated.
Ater removing these additional capacitors, calibrate
the C dial. For example, a capacitance of 70 pF is relat-
ed to a specific frequency that is selected by adjust-
ing the tuning voltage. A recommended inductance
is 0.26 uH, about 7 turns of diameter No. 18 AWG wire
with 0.35-inch (9 mm) coil diameter.

calibrating the noise bridge

In order to understand the alignment procedure and
interpret noise bridge readings properly, it is impor-
tant to analyze the effect of parasitic inductances.

The equivalent circuit of a resistor that has self-
inductance (as a result of excessive lead inductance)
is shown in fig. 6. If we convert the series R-L circuit
into its equivalent parallel R-L circuit, resistor R1 is al-
ways larger than R and L1 is larger than L. Since L1
is in parallel with the reference capacitor C,,, it reduces
its apparent value and the noise bridge variable capa-
citor must be set to a smaller value than C, in order
to balance the bridge. Therefore, if we measure a resis-
tor with seif-inductance, the noise bridge indication
is a higher R value and a capacitance value smaller
than C,. As an example, at 145 MHz, the noise bridge
will measure a 50-ohm resistor at 51.34 ohms and with
3.5 pF less capacitance than C,, if the series induc-
tance is 9 nH. This happens to be the inductance of
a 1-centimeter length of No. 28 wire.

Figure 7 shows the actual electrical circuit of the
noise bridge X terminal area. L is the inductance be-
tween the center pin of the SO-239 connector and
transformer, including leakage inductance. The refer-
ence capacitor C is assumed to be non-inductive. R
is the load resistor. Figure 8 shows the calculated
resistive and capacitive components of the impedance
measured between points A and B as a function of
R, under the assumption that L=2.5 nH and C =58
pF. It is interesting to note that for resistance larger
than 23 ohms the apparent capacitance is /arger than
C. This capacitance enhancement is caused by the in-
ductance L, which is in series with C, creating a ser-
jes L-C tuned cirucit that operates below its resonant
frequency. We also see that a 50-ohm resistor appears
to be only 38.8 ohms. If we reduce R from 50 to 25
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fig. 6. Series to parallel component equivalents.
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Except as indicated, decimal
values of capacitance are in micro-
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k= 1000 M= 1000000

fig. 7. Noise bridge X terminal area circuit.

ohms, the resistance decreases fairly linearly, but the
capacitance decreases non-linearly from 64.5 to 60.1
pF. In other words, the resistance variation results in
a resistance and capacitance change.

From the above it may appear that building an ac-
curate noise bridge is very difficult, if not impossible.
However, if we provide the same inductance of 2.5
nH in the other branch of the noise bridge, the same
capacitance enhancement occurs, but in the opposite
direction and the above 38.8-ohm resistor becomes 50
ohms again. Therefore, the criteria for correct noise
bridge operation are as follows:

1. Aresistance change at the X terminal must not affect
the capacitance reading.

2. A capacitance change at the X terminal must not af-
fect the R reading.

3. A capacitance variation at the X terminal must be
equal to the change of the variable capacitor. If we add,
forexample, a 33-pF capacitor in parallel with the refer-
ence capacitor and if the variable capacitorisincreased
by only 25 pF to obtain bridge nuli, then the capacitance
enhancement at the X terminal side is too small. We
must therefore add inductance to the X terminal side.

How well these criteria are met depends on transform-
er construction and alignment. Despite the low imped-
ance level of the bridge circuitry, parasitic capacitances
also affect noise bridge accuracy. PIN- and tuning di-
odes may also introduce self-inductance.
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Because component compatibility 18
what it takes to get the most out of a
satellite TV system.

Which in turn keeps customers happy
and out of your hair.

That's why all of our Luxor compon-
ents—from the receiver to the antenna-
are precisely engineered to be perfectly
matched with each other.

Including our fine quality accessories
for multiple receiver installations.

(1) DC-Passing Amplifier which
pushes signal 20 dB to increase the cable
length or the number of receivers. (One
amplifier allows approximately 200 more
feet of RG6.)

(2&3) 4-Way and 2-Way DC-Passing
Power Dividers. 4-Way splits signal to up
to four receivers; 2-Way to two receivers.
(Each port passes DC from LNB input
allowing complete flexibility in switching
receivers on/off.)

(4) DC-Passing 10 dB Signal
Attenuator which reduces signal level
where there is a short run in a system
that requires higher signal levels
elsewhere.

(5) DC-Passing V/H Switch for selec-
tion of polarity at the receiver. It also
passes the +18 volts only to the LNB it
Is selecting,

TI. Filter (not shown ) clears up the
picture in heavy interference or urban
areas. On/off switch for transponders not
exposed to TL.

For more information on Luxor’s
complete line of compatible components,
see your Luxor distributor. Or call toll
free 1-800-245-9995.
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Z, sinh (a + jb) — (Ryy + j XN) cosh (a + jb)

ZL= RL + jXL= V4

O (Riy + j X n) sinh (a + jb) — Z, cosh (a + jb)

(R; + jX1) cosh (a + jb) + Z, sinh (a + jb)

1)

{2)

ZiNn = Ry + j Xy =

a — Nepers

°(R;, + j XL) sinh (a + jb) + Z, cosh (a + jb)

b — Radians
Z,R;n (1 + A? + B?) - A (Zg + RfN + XiN)

(3a)

RL=

Xy

z
®Z2 + (A2 + B (R}y + X}) + 2Z, (BX;y — ARpy)

Z Xy (1 — A2 — BY) + B(Rjy + Xiy — Z2)

(3b)

Il

o

Z2 + (A2 + B%) (Riy + X§n) + 2Z, (BX;x — ARy)
7 (R + Z, A) (Z, + AR, — BXy) + (R, + AZ,) (AX; + BRy)

(4a)

Ry = Z,

(Z, + AR, — BXL)2 + (AX; + BRL)2

Xin = Zo

a — Nepers

Parallel to series conversion:

X2
Rg = R £

Series to parallel conversion:

Rp R

Table 1. Conversion formulas.

7 (XL + BZy) (Zy + AR, - BX;) — (R + AZy) (AX, + BRy)
(Z, + AR, — BX;)? + (AX, + BR)?

da aq .;
D=1+ 4 26%cos2b) A=zl p_ 2%in(2b

b — Degrees

p —t—
RE + X3

_ R: + X%

{4b)

D D

e = 2.71828

(5)

recommended calibration procedure

All parts must be added directly in parallel to the refer-
ence capacitor C,, using the shortest possible leads.

1. Connect a non-inductive, 1/4-watt resistor in paral-
lel to C,,.

2. Settheresistance dial to 50 ohms and the capacitance
dial to a value equal to the sum of C, and the SO-239
socket capacitance (in our case, 59.5 pF). If thereis no
noise null, slight bending or reshaping of the transformer
leads will help. A small piece of ferrite held close to one
of the wires indicates where to correct.

3. Add a 33 pF capacitor to C,,. if the capacitance dial
must be increased by less than 33 pF to obtain bridge
null, additional inductance must be added at the X ter-
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minal side (thisinductance may consist of asimple 0.157
inch, wire loop). If necessary, the taps on the center
balancing inductors shown in fig. 3, may be changed.
This balancing inductor consists of three turns of bare
wire, its center point soldered to the feedthrough insu-
lator. If equality cannotbe achieved, theratio of the two
capacitance values (which is larger than unity) can be
used as an instrument correction factor so thatany read-
ing on the capacitance dial is multiplied by that factor.
This improves bridge accuracy.

4. Add another 50-ohm resistor in parallel to the first one.
The R dial should indicate 25 ohms, and the C dial set-
ting should not change.

5. Adding a 33-pF capacitor to the first 50-ohm resistor
should not affect the R dial indication.
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fig. 8. Calculated resistive and capacitive components of
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fig. 9. Noise bridge application.

measuring admittances
with the noise bridge

The ideal location for admittance measurementsis on
the C,, side of the SO-239 connector, but this is not con-
venient. Measurements on the other side of the connec-
tor are easier to make. However, the additional induc-
tance of the 0.748-inch center pin reduces accuracy,
especially if adapters must be used. For example, the
difference in R and C readings is about 1.5 ohms and 2
pFif a 50-ohm BNC termination resistor is measured, us-
ing a PL to BNC adapter. However, the error is small.

measuring antenna impedance:
example

The block diagram of the test setup is shown in fig.
9. Itis assumed that the antenna may be represented by
the series connection of a 24.846-ohm resistor and a
24.91-pF capacitor. The noise bridge is connected to the
cable input with the 2-meter receiver serving as bridge
null indicator.

At this point we must digress and remember that we
can calculate the load impedance Z; of a transmission
line from the (measured) input impedance Z,if the ca-
ble parameters — attenuation, length, and characteristic
impedance — are known. Likewise, we can determine
Zinif Z; isknown. These conversions can be made with

KV.G.
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MMc 439-ATV 94 95 MM 435-28(S) 279.95
MMc 432-28(s) 59.95 MMt 432-28(S5) 259.95
MMc 144-28(HP) 6995 MM 144.28(R) 309 95
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LINEAR POWER AMPLIFIERS
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Smith charts, butformulas are more accurate and con-
venient, especially if a programmable calculator orcom-
puter is available. Table 1 is a listing of the required
formulas. Formulas 1 and 2 can be used if you have a
programmabile calculator with compiex operating mode
(forexample, an HP-15C). Formulas 3 and 4 lead to the
same result, but are more cumbersome to use.

Since the noise bridge readings are in parallel resis-
tance values and the formulas assume series configura-
tion, we must convert parallel-into-series circuits and
vice-versa. These formulas are also listed in table 1.

The most important cable parameter is length,
represented by the term b in the formulas; it must be
known fairly accurately. One method of determining the
cable length, besides actually measuring it with a scale,
is to disconnect the antenna from the coax and connect
instead a suitable known resistor. You can then calcu-
late with formulas 2 or 4 the cable input impedance Z;n
and compare it to the inputimpedance that was meas-
ured with the noise bridge. If there is a difference, try oth-
er values for b until agreement is reached.

In our example, assume the cable lengthis not precise-
ly known and estimate a length of 31.3 feet (9.55
meters). (Figure 9 shows the exact length as 31.49 feet,
or9.598 meters.) The cable length corresponding to one
wavelength at 145 MHz is

3108

«0.66 = 1.3655 mor 4.48 feet (1)
145+ 106

where the factor 0.66 is the velocity constant of the
cable. Since we have assumed alength of 31.3feet (9.65
meters), the value of b in formulas 1 and 2 becomes

9.55 1

73655 ° 57206 = 43.943 radians (2)

b = 360°

The factor57.296 converts degreesinto radians. If we
use formulas 3 and 4, b must be expressed in degrees.

The value of g, the attenuation of the 31.3-foot
{9.55-meter) cable, can be found from a handbook. As-
suming 3 dB per 100 feet (30.48 meters), we obtain:

_3.955 _
a =573 0.115 = 0.1081 Nepers (3)

Thefactor0.115 converts dB into Nepers. The charac-
teristic impedance Z, is assumed to be 50 ohms.

Now terminate the coax with a known resistor. Select
avalue that renders readings well within the range of the
noise bridge. Obviously, values too close to 50 ohms
must be avoided. The resistor must be accurately meas-
ured with a DVM. Solder the non-inductive (preferably
1/4-watt) resistor, keeping leads as shortas possible, be-
tween the center pin and flange of an SO-239 socketand
then plugitinto the coax. Theload impedance in our ex-
ample is:
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Z; = 101.3 + jO

(all values are expressed in ohms). Using formulas 2 or
4, the inputimpedance Z;y is calculated to be witha =
0.1081 and b = 43.943 to:

Zin = 87.299 + j4.046

Thisis theinputimpedance measurement that should
be indicated by the noise bridge.

The noise bridge readings (taken at 145 MHz) are:
Rng = 77.5 ohms and Cyg= 65 pF. Since the
capacitance setting for a pure resistor is 59.5 pF, the
capacitance differenceis 5.5 pF. Thisrepresents, at 145
MHz, a capacitive reactance of —j 199.567 ohms. The
noise bridge readings are therefore 77.5 ohms in parallel
with —j199.57 ohms. Converting into its series equiva-
ient, using formula 5, we have Z;n = 67.34 — j26.15.
Comparing this with the above calculated value for Zpn
from Z; foranother set of parameters, aand b, wefind,
after a few trials, we thata = 0.109and b = 44.3406
render the best agreement between measured and cal-
culated Z;n. This value is

Ziy = 69.67 — j27
This compares favorably with the noise bridge measured
input impedance of Z;y = 67.34 — j26.15.

Having found the correct cable parameters, recon-
nect the antenna (in our example, the test load) and
measure the inputimpedance Z x5 with the noise bridge.
Thereadingsare: Byg = 400hms, C ng= 83.5pF. The
actual capacitance is 83.5 — 59.5 = 24 pF. Capacitive
reactanceis — j45.73. Converting into its series equiva-
lent with formula 5, we obtain: Z;y = 22.66 — j19.82.
This is the measured cable inputimpedance with the an-
tenna connected. This value mustbe inserted in formu-
las 1 or 3 to calculate the antennaimpedance Zj , using
a=0.109and b = 44.3406. Theresultis: Z; = 27.195
— j43.97. This is the measured antenna impedance.

As shown in fig. 9, the actual load impedanceis Z;,
= 24.846 — j 44.066.

Thisis aremarkably good result, considering the high
operating frequency and the fact that the assumed
values for cable attenuation and characteristic imped-
ance may not be correct. However, errorsin aand Zpare
much less significant than errors in b.

In this example, the actual load consists of a 103-ohm
resistor in parallel with an 18.9-pF capacitor, which is the
parallel equivalent. This permits a more inductance-free
connection, thereby reducing the instrumentation error.

summary

The construction of a VHF noise bridge that is ac-
curate enough to permit credible and reproducible meas-
urements on antenna systems is possible if a PIN diode
serves as variable resistor and tuning diodes replace the
variable capacitor. The component layout must be such
that no wiring interconnections are necessary. Undesira-
ble ground currents that degrade the nullindication are



avoided using single point grounding, a brass mounting
surface, balanced noise injection, and propertransform
er construction.

Forantenna measurements via the feedlma, we must
know its exact length. If the length is not known, it can
be found from measurements of the cable inputimped-
ance with the noise bridge and by comparing this value
with the calculated input impedance, using a known ter-
mination resistor. One advantage of this method isin the
fact that the calculated value of b represents the actual
cable condition and includes its velocity constant, which
does not have to be known. All necessary formulas to
calculate load impedance from input impedance, and
vice-versa, are presented as are network conversion
formulas.

~ Ifthe above method cannot be used because we can-
not connect the test load, or if the cable length is not
known accurately enough, the noise bridge readings are
still the exact load impedance that the transceiver
“sees.”” This load is the antenna impedance, which may
be transformed by the transmission line into a complete-
ly different value, depending on cable length.

If you want to measure impedances directly at the X
terminal, be careful to avoid undesirable inductances
and capacitances. Series connection of several adapters
will degrade accuracy. Generally, a resistor with series
inductance (or self-inductance) measures higher; the
capacitance reading is below the reference value.

To circumvent the deficiencies of the SO-239 connec-
tor, measure the unknown impedance using a coaxial
cable half a wavelength long at the frequency of interest,
with properly integrated PL-259 plugs on both ends.
Thus, the SO-239 connector becomes part of the coax
geometry and does not affect accuracy. Components
must be connected with the shortest possible leads,
preferably using an SO-239 jack that is then connected
to the cable.

Possible sources of error are the instrument tolerance
in the nolse bridge and discrepancies in the assumed
values for cable attenuation and characteristic imped-
ance. The validity of the formulas may also be ques-
tioned. Butaccording to numerous tests — and bearing
in mind the statistical distribution of errors — the RMS
error of this VHF noise bridge is less than 3ohms in both
the resistive and reactive components.

There is still room for improvement of the presented
design, possibly in transformer construction, bridge
alignment, and in establishing electrical symmetry be-
tween the X terminal and reference branch of the noise
bridge.
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artificial transmission lines

Construction of striplines
and hybrid couplers
using hand tools

Impedances can be matched in a variety of ways;
some examples are the well known 1/4-wave stub and
its lesser known cousin, the series-section matching
line. For OSCAR work, where circular polarization is
required, the branch line hybrid is ideal.

In most matching methods, transmission lines of
non-standard impedances are required. The easy way
out is to parallel two or more coax cables to come
close to the required impedance; the harder way is to
fabricate transmission line from copper pipe and brass
tubing. Series-section matching uses two or more
lengths of different, but standard value impedance
coax. The problem with these, however, is splicing
them together.

fig. 1A. Two printed circuitboards are assembied to form
a stripline transmission line.

stripline

One form of transmission line used at UHF is called
stripline. Itis basically two printed circuit board strips.
One PC board has a ground plane on one side and the
transmission line center conductor etched on the other
side. The other PC strip has a ground plane only. The
two are assembled as in fig. 1A. To complete the self-
shielding feature, such as in coaxial cable, a conduc-
tive foil covers the exposed edges of the dielectric. The
impedance of a stripline transmission line impedance
is directly proportional to the width, W, of the line and
inversely proportional to the ground-plane spacing, b.
The W/b ratio and the dielectric constant, ¢, of the
laminate determine the impedance of line {see fig. 1B).

But there’'s a problem with stripline. Printed circuit
boards are fairly thin, and the center conductor width
is small for the more popular line impedances. Thin
traces are suitable for printed-circuit manufacturing
but are rather awkward for the average ham to
manufacture. The way to circumvent this problem is
to widen the ground-plane spacing with Plexiglass® .
The center line thus becomes proportionally larger for
the same impedance (see fig. 2).

A quarter-wave artificial line was made with a
printed circuit board exterior, two Plexiglas spacers
and 0.002 inch (0.05 mm) brass shim stock for the cen-
ter wire (fig. 3). Measurements were made with a
General Radio admittance meter type 1602-A (fig. 4)
at 150 MHz. The result for 0.25 inch, 0.125 inch and
0.062 inch Plexiglass is shown in fig. 5. Some advan-
tages are obvious; for a line impedance of 50 ochms
and using 0.25 inch (6.5 mm) spacers the center con-
ductor width is 0.4 inch (10 mm), a dimension easily
cut with average tools. But consider, too, the surface
area. Most readers know about skin depth at radio fre-
quencies. RF travels on the skin of a conductor. At

By Rudolf E. Six, KA8OBL, 30725 Tennessee,
Roseville, Michigan 48066
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fig. 1B Impedance of the stripline is determined by width
to ground-plane spacing, W/b and dielectric constant ,
of laminate.

a depth, 6, (“skin depth”’) the current decreases to 37

percent of its surface value. For a copper conductor,

6 =26VI/S

where

& = skin depth (inches)

f = frequency (Hertz).
As an example, at 150 MHz skin depth would be
0.00021 inch (0.005 mm). Thus, 0.002 inch (0.05 mm)
shim stock is adequate for UHF. A width of 0.4 inch
(10 mm) is equivalent to a round center conductor of
approximately 0.25 inch (6.4 mm) diameter.

The resonant length depends on the dielectric of the
Plexiglass:

V = 1/ e

where
V = velocity of propagation
¢ = dielectric constant

and
I 3« 100V
C T
where
L = electrical wavelength (cm)
f = frequency (Hertz)

V = velocity factor
The measured velocity factor was 0.60 or a dielectric
constant of 2.78, close to the listed constant of 2.8
for Plexiglass. The Fiberglass part of the PC board is
part of the line dielectric (¢ = 4) and affects the total
dielectric constant as the Plexiglass gets thinner. | used
a velocity factor of 0.6 for the length calculation of
quarter-wave stubs. The SWR, being the important
factor, is flat over a wide frequency range. The hybrid
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PLEXIGLASS

COPPER FOIL
FIBERGLASS —\ \
/

bt /.

— HBRASS FOIL

fig. 2. Ground-plane spacing may be widened with Plex-
iglass to avoid the problem of small center conductor
width in common PC boards.

fig. 3. 1/4-wave stub fitted with a GR connector on the left and
a50-ohm termination made up of four film resistors on the right.
Aluminum foil wrap stub are held together with paper clips.

fig. 4. Test setup using the GR 1602-A bridge.

coupler, however, has a sharp isolation bandwidth and
several factors affecting resonant length, which are
discussed later.

construction of stripline

The center conductor is 0.002 inch (0.05 mm) brass.
This is available as brass shim stock in sheets or rolls
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fig. 5. Test results for the stripline shown in fig. 3.
Measurements were made with a GR 1602-A admittance
meter at 150 MHz.

from machine tool supply firms. Figure 6 shows the
fixture used for accurately slicing the shim stock. The
base is a thick slab of Plexiglass. Formica or bakelite
would also work, but the material must be hard
enough so an Xacto® blade won't cutinto it. | bought
two steel rulers and mounted one firmly to the Plex-
iglass. | attached the second ruler with two DeStaco
hold-down clamps, also available from tool supply
firms.

To cut an accurate strip, the shim stock edge is
placed against the fixed ruler. The second ruler, with
the shim underneath, is spaced to the required width
with vernier calipers. The clamps are secured and an
Xacto knife is used to slice the brass shim stock. It
takes a little practice, but the results are much better
than you'd get with scissors.

The plastic spacers are Plexiglass brand Lucite.”
| used this well-known brand because of its widespread
availability and the possibility of variations in the die-
lectric constant of other brands. Check the thickness
of the Plexiglass; it does have some rather wide toler-
ances. The printed circuit board is standard 0.0625
inch (1.5 mm) G-10 glass epoxy. A table saw with a

fine-tooth blade was used to cut the Plexiglass and
the PC board.

To mount the RF connector, a hole is first drilled
through one of the PC boards and both Plexiglas
spacers. The bottom PC board is left undrilled. The
diameter of the hole is the width of the mounting
flange of the RF connector. | used BNC connectors
because most of my test equipment uses BNCs. BNC
connectors, however, are prone to be intermittent.
Use UHF connectors for 2-meter work and N connec-
tors for 70 cm and above. The TNC connector is excel-
lent for low-power work at UHF. Not well known to
Amateurs, the TNC is small and has low SWR charac-
teristics.”

A small hole was drilled into the brass strip for sol-
dering to the connector. This presented quite a pro-
blem since the spinning drill grabbed the thin brass,
but the problem was solved by squeezing the brass
strip between two pieces of scrap Plexiglass (fig. 7).
The top piece has a hole predrilled to the right
diameter. The brass strip is positioned accurately
underneath, then the assembly is held firmly by hand
and the hole is drilled through. The result is a nice
clean hole in the right place.

fig. 7. Drilling a hole in the brass shim stock. Two pieces of Plex-
iglass are used to guide the drill.

*Microwave Components, 11216 Cape Cod, Taylor, Michigan 48180,
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The HF4B ‘‘Butterfly’’™
A Compact Beam
for 20-15-12-10 Meters

*Unique design reduces size

but not performance.

*No lossy traps; full
element radiates on
all bands.

sRetrofit kit for
17 meters com-
ing soon.

*Turns with TV
rotor

*Only 17 Ibs.

ﬁ?\ BUTTERNUT ELECTRONICS CO

sAdd-on units for 160 and 30 or 20

of comparable size!

Model HF6V

*80, 40, 30, 20 15 and 10 meters
automatic bandswilching.

*Add-on kit for 17 and 12 meters

available now

*26 ft. 1all

Model HF2V
*Designed for the low-band DXer
¢ Automatic bandswilching on B0 and

40 melers

melers

+32 leel tall - may be top loaded for

additional bandwidth

For more information see your
dealer or write for a free brochure

Butternut |
Verticals

Butternut's HF
verticals use
highest-Q tuning
circuits (not lossy
traps!) to outperform |
all multiband designs |
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CALL LONG DISTANCE ON YOUR HANDHELD

The Model 335A will deliver 35 watts of
power using the latest state-of-the-art cir-
cuitry. The amplifier will operate SSB or

FM and is compatible with
most handheld trans-
ceivers, including the
TR2400, TR2500, IC-2AT,
Yaesu, Santec, and Ten-
Tec. Only 300 mw input will
deliver 5 watts out; 3 watts
in will deliver 35 watts out.
Maximum input drive level
is 5 walts.
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Communication
Concepts Inc.

Our products are backed by prompt fac-
tory service and technical assistance. To
become familiar with our other fine pro-

ducts in the amateur radio
market, call or write for our
free product and small parts
catalog.

Model 335 A
Kit $69.95
Wired & Tested $89.95
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(33.7em)

125"
(31.7mm]}

o.re"
(18.3mm)

— %

2.16"

(30.82¢m)

fig. 8A. Dimensions and layout of a power splitter used for impedance matching.

fig. 8B. UHF connector has been filed down to fit. Note solder
access hole for the connector on the back side.

fig. 8C. A quarter-wave 2-meter power splitter.

The transmission line is ready for final assembly after
the center conductor has been soldered to the RF con-
nectors. | could have drilled a number of holes and
held the transmission line together with nuts and bolts,
but | found it easier to glue the whole assembly. | sim-

ply held everything together with C-clamps and wicked
plastic glue along the edges with a hypodermic nee-
dle. The glue is methylene chloride.**

Avoid using plastic glue with acetic acid as an ingre-
dient (vinegar odor); it is conductive. A variety of glues
are available from commercial firms selling plastics.
The outer conductor is completed by soldering 0.001
inch (0.03 mm) brass shim stock between both PC
boards.

How wide should the line be made? Or in other
words, how far away should the center conductor
edge be from the outer shield? If the transmission line
is too wide, it tends to be inductive; if it's too narrow,
the line impedance is affected by the outer shield being

fig. 9. The pieces making up a hybrid coupler. When the strip
was cut, a line was drawn with a needle to mark the center of
the strip. This line was used for drilling the solder hole.

**Weldon 3* . availlable from Industrial Polychemical Service, P.O. Box 379
Gardena, California 90247
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too close to the center conductor. | found the best
distance between center strip and outer shield to be
equal to the thickness of the spacers. Thus if 0.125
inch plastic spacers are used, the total width of the
stripline is 0.375 inch (including the 0.0625 inch PC
boards) larger than the width of the center conductor.

matching lines

A quarter-wavelength matching line is used to
demonstrate the first practical use of these striplines.
The impedance transforming properties of quarter-
wave transmission lines are well known. Most
Amateurs use them to couple antennas with an imped-
ance different from that of the feed coax. Basically

fig. 10. Completed hybrid couplers for 2 meters and 70 cm.

: -

PORT 2

50
—A—L-. 35 OHMS I *

S0 g
() ceneratoR I

77

174 &

50 OHMS

PORT |

fig. 11. Impedance and phase shift relationshipsinahybrid
coupler.

the input impedance, Z,, of a quarter-wave line ter-
minated in a resistive impedance, Z;, is

Zy-=Z12/ s
where Z1 = impedance of quarter-wave line,
rearranging

i = \'.Z{‘.Zh

This means that the matching line, commonly called

PORT 2
i e - .
50 I o o 50
- R
o [T ]
/I
(3 1545 L]
- PPN
JSOLAH;}N PORT 1
PORT |
+ 1 P
‘-“-— — — 1N — —_ -i
l 50 | 50
h
7 e
fig. 12. Isolation portis necessary to keep unwanted cur-
rents out of the system, resulting in isolation between
ports.

GENERATOR PORT 2
- '—ﬁ—[
I
| i
3 50 |
‘l r = I T [
P | .mi
1 77
| 34 [r4A
[| | |
11
‘ [ 4 ‘
b— - -
A e
( REFLECTED " 1
ISOLATION PORT ¢
PORT
- - 0

%50
o

fig. 13. Reflected current due to poor port matching.
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e —

1

fig. 14. 2-meter hybrid coupler: (A) Port 1-2 isolation; (B)
dimensions.

a Q section, must have an impedance, Z] to match
an antenna Z, to coax Zy,. If two antennas of 50 ohms
are paralleled, the impedance is 26 ohms, and a Q sec-
tion of 35 ohms is required to match this combination
to 50-ohm coax.

The dimensions and layout for such a power split-
ter are shown in fig. 8A. With 0.25 inch (6.4 mm)
spacers, the SWR was less than 1.1:1 from 144-148
MHz. A UHF connector was soldered to each side of
the line to make it possible to solder them side by side.
Even so, their mounting base had to be filed down to
make them fit fig. 8B. The mounting hole for the UHF
connector was drilled through both PC and Plexiglass
strips so the center conductor could be soldered to

ISOLATION (dB)

{- -10

ettt t t 9
431 433 435 437 939 44/ 143 445 447 449

FREQUENCY (MHZz)
ISOLATION PORT { TO PORT 2
fig. 15. Test results of the 2-meter hybrid coupler operat-
ing in the 70-cm band.

each connector from the back. A completed power
splitter is shown in fig. 8C. Various types of power
dividers are covered in reference 1.

hybrid couplers

Made up of interconnected transmission lines, the
branch-arm hybrid coupler provides a 3-dB power split
and a 90-degree phase shift between both outputs
(fig. 9). Complete units for 2 meters and 70 cm are
shown in fig. 10. This is ideal for OSCAR 10 commu-
nications, in which two Yagis are mounted at right
angles to each other and fed out of phase by 90
degrees. Depending on which antenna is fed first, we
can get right-hand or left-hand circular polarization.
The hybrid coupler can be used in reverse to combine
the signal returning from the satellite. Ernie
Franke, WA2EWT, wrote an excellent article on this
device.?

I constructed a hybrid-coupler from coax for the
receiving end of my OSCAR 10 station. Three coax
cables, including the outer shields, had to be soldered
to each RF connector. Because the physical result
didn’t exactly excite me, | tried to come up with a bet-
ter way of making these couplers; this led to the work
presented here. (Aithough the basic idea behind these
couplers is covered in this article, | would also recom-
mend that anyone interested read parts 1 and 2 of
reference 2.)

The quarter wavelength 50-ohm line parallels port
1 and port 2 with a total resistance of 25 ohms at port
2 (fig. 11}. Note that port 1 has a 90-degree phase shift
from port 2. The 35-ohm line is used to convert the
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fig. 16. 70-cm hybrid coupler: (A} Port 1-2 isolation; (B)
dimensions.

25 ohms back to 50 ohms. Adding a second leg (fig.
12) sets up the following conditions. The current from
the generator divides itself between port 2 and port
1 as before. A much smaller current also flows towards
the isolation port from the generator following two
paths. The long way around is one-half wavelength
longer, or 180 degrees out of phase. These signals
arrive in opposite polarity and cancel. This virtual short
at the isolation port sets up two shorted quarter-wave
stubs, one toward the generator and one toward port
1. Their high impedance prevents current from flow-
ing into the isolation port.

Now what happens when reflected current flows
back into port 1 because of poor port matching? The
reflected current is absorbed by the isolation port and
the generator. Again a small current flowing toward
port 2 by way of two paths creates a virtual short at

28 B July 1986
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HYBRID

COUPLER

fig. 17. General arrangement of author’s 70-cm OSCAR 10
station.

port 2. The resulting shorted quarter wave stubs pre-
vent current flow from port 1 to port 2. The result is
isolation between ports (fig. 13).

The first hybrid coupler constructed was for 2
meters. With care in fabrication, excellent isolation can
be achieved between ports {fig. 14A). Inside and out-
side cuts on the Plexiglass and PC frame were made
with a table saw. Make sure the result is square. The
distance between the RF connectors was marked
accurately before a pilot hole was drilled. Good isola-
tion depends on equal distances between ports. Even
if the frame isn’t perfectly square, make sure these dis-
tances are equal. Note the width of the frame legs,
0.625 inch (16 mm) and 0.775 inch (19.7 mm). One
might think that a fractional value would be hard to
duplicate; buy a pair of inexpensive plastic vernier
calipers and practice on a piece of scrap before mak-
ing the final cut. All the hybrid couplers used 0.125
inch {3 mm) Plexiglass. The completed assembly was
held together with eight small C-clamps. Methylene
Chloride was wicked between the pieces with a
hypodermic needle {a small brush or Q-tip® would also
work).

After approximately an hour’s drying time, the shield
is completed by soldering on the 0.001 inch (0.03 mm)
brass shim stock.

Width of the stripline also affects the frequency res-
onance of the coupler. The line becomes inductive
with increasing width. Since 0.125 inch (3 mm) Plex-
iglass is used, the line width is 0.375 inch (9.5 mm)
wider (including the 0.0625 inch [1.5 mm] PC boards)
than the brass center conductor. All these factors are
much more apparent in the hybrid coupler than in the
simpler power splitter because the hybrid coupler
tunes more sharply.

| also ran some tests with the 2-meter hybrid cou-
pler at the third harmonic in the 70 cm band. Each leg
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! BOOMERS WIN
1983 Central States VHF
Conference, Antenna Contest

144MHz BOOMER 1st Place
2nd Place
1st Place
1st Place |

Commercial

220MHz BOOMER
432MHz BOOMER

They have talked to winning scores in many impor-
tant amateur activities including the 1979, 80, 81
June VHF contests,
measuring contest, 1981, 82 EME contests,
Rocky Mountain antenna measuring contest and
= many more. Now there are three new numbers: the
1 4248, 24 elements for 432 MHz; the 410B, 12
elements at 432 MHz; and the 416TB, 16 elements
at 435 MHz for satellite communications.
The new Boomer models feature insulated
elements, stainless steel hardware, N type connec-
tor, T match feed and trigon reflectors.

BOOMERS WIN AGAIN

1983 EME CONTEST WA1JXN
1st PLACE 2 METERS
WITH 12 X 32-19
PLUS
1st TO WORK SPACE
SHUTTLE
=

1981 Central States antenna
1982
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THREE EXCITING NEW BOOMERS

HIGHEST GAIN BOOMER XL

Boomer XL is “the antenna for 2 meter DX'" with higher
gain and cleaner pattern this antenna is designed to per-
form and survive in harsh environments. It has 18
elements on a 28.8 ft. 8.8 m tapered boom.

MODEL 4218XL 144.145 MHz

WIDEBAND BOOMER 215WB

Featuring the latest in wideband technology. The 215WB
is high performance across the entire 2 meter band, for
FM, SSB or CW. It features 15 elements ona 15 ft. 4.57 m
boom.

MODEL 215WB 144-148 MHz

FM BOOMER POWER PACK

A combination of 215WB Boomers vertically polarized
with support boom, power divider, and interconnect
harness. Like all boomers it features all stainless steel
hardware. You'll easily work those distant repeaters.
MODEL 230WB 144.148 MHz

w206

g Dcusharaft

¥

OSCAR BOOMERS

Enjoy the thrill of OSCAR 10 with a
Cushcrafl antenna syslem, featuring the
fabulous 416TB BOOMER, giving more per
formance through beller electrical design
and superior construction

Order a complete package as shown left
416TB, A144-20T and A14T-MB For less than
$200.00* you'll enjoy the thrill of worldwide
OSCAR communicalions

Manchester, NH O3108 USA
TELEPHONE 603-627-7877
TELEX 953-050 CUSHSIG MAN

CORPORATION
48 Perimeter Road, PO. Box 44680



then becomes 1 and 1/2 wavelengths. The frequency
tripled almost perfectly (fig. 15) and again with good
isolation.

The second coupler was made for the 70 cm band.
Dimensions are shown in fig. 16. As the coupler
becomes smaller, care in construction becomes even
more important. The center of the frame had to be
cut with a sabre saw because the unit is too small for
a table saw blade. A file was used to finish the dimen-
sions. This unit will be used for the transmitting end
of OSCAR 10.

Presently the rig has one low-power amplifier and
the output drives two crossed Yagis with a matching
arrangement. | can now double the output by adding
an amplifier. Impedances are 50 ohms, and the advan-
tage here is that | can tune antennas for minimum
SWR with a standard 50-ohm SWR bridge.

conclusions

The aim of this article has been to present a simple
method of constructing matching devices of high qual-
ity, in which connector problems commonly encoun-

Appendix A (See fig. 5.)
2t w
termination spacers
{ohms) inch {mm}
0.25 inch 50.2 0.047{(1.19)
{6.5 mm) 50.0 0.097 (2.46)
50.3 0.150 (03.8)
50.1 0.203 (5.16)
50.1 0.245 (6.22)
50.1 0.297 (7.54)
50.2 0.348 (8.84)
50.2 0.403 (10.2)
50.1 0.445 (11.3)
50.2 0.498 {12.6)
50.2 0.550 (13.9)
50.2 0.600 (15.2)
50.2 0.650 (16.5)
50.2 0.750 {19.0)
50.2 0.850 (21.6)
50.2 1.000 (25.4)
0.125
inch 50.3 0.047 (1.19)
{3.0 mm) 50.2 0.097 (2.46)
50.2 0.150 (3.81)
50.2 0.203 (5.16)
50.3 0.245 (6.22)
50.1 0.297 {7.54)
50.1 0.348 (8.84)
50.1 0.403 (10.2)
50.2 0.445 (11.3)
50.2 0.498 (12.6)
50.2 0.550 (13.9)
50.2 0.650 (16.5)
50.2 0.750 (19.0)
50.2 0.850 {21.6)
0.0625
inch 50.1 0.047 (1.18}
(1.5 mm) 50.1 0.097 (2.46)
50.1 0.150 (3.81)
50.1 0.203 (5.16)
50.1 0.245 (6.22)
50.1 0.297 (7.54)
50.1 0.403 (10.2)
50.1 0.498 (12.6)
50.1 0.600 {15.2)
50.1 0.750 {19.0)
1/4-wave measuring above 50 ohms
Zl = NZtZc

The information below is provided for the benefit of readers who wish to make their own graph for the data shown in fig. 5.

co

3.4
5.1
7.2
9.5
11.4
13.9
16.35
19.2
2.2
25.2

4.6
7.8
11.56
16.1
20.3

6.4
11.85
19.15

1/2¢ Z1
nductance susceptance impedance
{umhos} {umhos) {ohms)
0 121.5
0.4 99.0
0.15 83.6
0.3 72.6
0.3 66.3
0.5 60.0
0.9 55.4
20.8 1.4 .6 51.1 51.1
17.5 1.4 1.6 47.6 46.9
16.25 2 25 44.6 45.1
14 1.3 41.9
12.55 1.5 39.7
11.15 1.3 37.4
9.26 1.3 341
7.55 1.3 30.8
6.00 1.3 274
0.5 104.6
0.6 80.2
0.8 65.9
0.6 55.8
1.0 49.8
15.1 0.7 43.5
12.4 0.6 39.4
10.2 0.9 35.7
8.8 0.9 33.2
7.6 1.0 30.9
6.55 1.0 28.7
5 1.0 25
4 1.2 22.4
3.25 1.4 20.2
0 88.5
0.2 65.1
0.2 51.1
15.0 0 434
1.7 0.1 38.3
8.9 0.4 33.4
5.5 0.5 26.2
4.0 0.6 22.4
2.9 09 19.4
1.9 0.9 15.4

1/2-wave measuring below 50 ohms

Zl = 2.5 2t/Z¢
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Appendix B. Data for figs. 14, 15, and 16.
2-meter hybrid coupler Port 1-2 isolation.

143.95 MHz 34 dB
144.39 36
144.86 39
145.13 a1
145.88 44
146.37 4
146.8 38
147.34 35
148.04 32

2-meter hybrid coupler (operated in 70-cm band)
Port 1-2 isolation,

430.065 20 dB
431.695 23
433.475 25
434 .42 27
435.55 30
437.5 33
438.95 30
440 27
440.97 25
442 .64 23
444.035 -20
447.035 18
449.82 15

70-cm hybrid coupler Port 1-2 isolation.

449 MHz 35 dB
448 37
447 39
446 40
445 39
444 37
443 35
442 33
441 31.5
440 30
439 29
438 28.5
437 27.5
436 26.5
435 255
434 25.5
433 24
432 235
431 23
430 2.5

tered in making matching systems are eliminated.
Moving up to the GHz ranges could be accom-
plished by using styrofoam rather than Plexiglass in
a ring hybrid; the size problem could be avoided by
operating on an odd harmonic such as shown above.

references

1. George Chaney, WSJTL, "Extended/Expanded Power Dividers,”” ham
radio, October, 1984, page 73

2. Ernie Franke, WAZEWT, “The Branch-Line Hybrid,
and 2, April [page 107) and May (page 93), 1984

ham radho, Parts 1

ham radio



New type of PLL
beats the
phase noise barrier

AT T
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1968 model 1162 MHz signal source

low-noise phase-locked
UHF VCO

part 1: the noise problem

Much has been written about voltage-controlled
oscillators. In a recent ham radio article Hans
Roensch, WODTV, described a free-running UHF
VCO, correctly acknowledging that such an oscillator
cannot be used effectively in narrowband systems
where low phase noise is required.’ WODTV's article
referenced an earlier article of mine, which included
a description of a way to phase lock oscillators to re-
duce noise.?

One of the major disadvantages of the phase-locked
loop | described in reference 2 is the lack of AFC, re-
quiring that'the VCO be set on frequency manually
to effect phase lock. Under adverse conditions, drift
of the oscillator’s tuned circuit may exceed the hold-
in capability of the loop, causing the VCO to unlock
or jump to another phase-lock point. In this scheme
the oscillator’s frequency is divided by a factor of 40
to make it compatible with the phase detector. This,
as we shall see, is another disadvantage, which adds
32 dB of excess noise to the VCO.

To make this a more practical system, two additional
features are needed: automatic frequency control
(AFC) and UHF phase detection to avoid the need for
prescaling.

background

A free-running VCO intended for use as a receiver’'s
local oscillator (LO) in the 1215-1300 MHz band will
generally exhibit a very broadband phase noise charac-

teristic. Without the benefit of crystal control, its spec-
trum may be so wide that the carrier is not readily
identifiable on a spectrum analyzer because the devi-
ation factor is so large. While the degree of phase
modulation is relatively minor on the HF and VHF
bands, as frequency is increased the modulation an-
gle becomes proportionally larger. Self-excited TV os-
cillators, for example, often sound like buzz saws on
a UHF receiver as they wander around. Something
better than this is obviously needed for use as a local
oscillator in a narrowband receiver intended for recep-
tion of NBFM, SSB, or CW in the 1215-1300 MHz
band.

The 1296-MHz transceiver | put together fifteen or
twenty years ago was built around a 1152-MHz crystal-
controlled signal source. | added a 144-MHz SSB sig-
nal to the 1152-MHz generator in an upconverter to
develop the 1296-MHz SSB exciter signal. Converse-
ly, | used the 1152-MHz generator as the LO in a down-
converter and a 2-meter receiver as the IF. This is a
scheme in general use by many UHFers. Note that
twice the 1152-MHz oscillator frequency is 2304 MHz,
a fact of considerable interest to those operating both
bands.

The original 1296-MHz exciter employed a crystal-
oscillator-multiplier chain driving a step-recovery di-

By Norman J. Foot, WA9HUV, 293 East
Madison Avenue, Elmhurst, [llinois 60126
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New rigs and old favorites, plus the best essential accessories for the amateur.

SNEW'
@ ALPHA DELTA 4
Wy S e

F31coMm|

TOWEFI ACCESSORIES

Ly i sbile, Rahn L

EQUIPMENT i L~ \
: AL ' _“ 3 COMPUTER STUFF
i 100 W [N
I”_' _1| Maorse University (Gr W program for C 64)
C 9.0 PACKET POWER
Vil o AEA PK.B4 does R Ha )
£ 13 AP
KEYS Pa
s o SERVICES
ve ESK 001 K |” 1 e
L i A : USED EQUIPMENT
3F G14f T eCiIpmon 1, Ci
.,|.:.!:. pnGe re ed
Lt 128 POLICIES
BOOKS
16¢ We
] =¥ t
i i
Iye MBS | Phil e f I U] HM
hure 444 150M} +
Nahl 7470 fering Stato 19 O
P {1F 10A B 1OCK SU_HPLUS
Miller C51 et ( [
) 1 ator :
ANTENNAS
5144 MH )
1T
I BELDEN STOCK 'TEMS
" B CALL
i ’ . Frequency Bands (MHz)
i : 0014 G awer 3 y ;
) neucton Range t 13 »:r 1: W w0 13
M 69 } } . : wall T r i
WA B9 ( ‘ ; 10 walls o A K Wl W
a0 1269 RG 1 Le =] 45 wats - T5A 25H 5[ 58
A tete B el 1 1 50 w abia 0o+ S04 Wi M Wl i
e t d kb e A A00 warts | 100M 1004 1008 T ol ]
! 3 e " Wit I T M 250 watls 150 TR0A.,. 2508 250 1 I LT
i 13 1 I 500 watts A Soo6 L0 ol wf
e 1 | : 100X watts 1- 004 10000 006 Ol el
¥ W T 1 1 -I- L1 a4 T L | : il ) i I-"W) ‘\ 1 .‘I I3
1 e Q06 exact replacement for Belder 00 walt
Y Hy(s P 1
' AMPHENOL
OTHER ANTENNAS 1SP i
. Dou Electromcs Supply
Pl
j f

w 183




GAM by
CRYSTAL ——— TRIPLER -4 DOUBLER -1

OSCILLATOR AMPL

IF4 MMy

a2 MM

STER CAWITY aurPur
——= wecovery |—of S
DIDDE RESONATOR +10a8m

J849 MH:
AMPL

\ /

S = ZN4 48 iN2ag
|
vz

fig. 1. Block diagram of 1968-model 1152 MHz crystal oscillator multiplier chain.
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ode (SRD) multiplier associated with a cavity resona-
tor to develop the 1152-MHz local-oscillator signal. A
64-MHz crystal oscillator was followed by a tripler, a
doubler, and two stages of 384-MHz amplification. The
second amplifier, a 2N3866, was used to drive the

SRD. The power output from the cavity resonator was
" +10 dBm. Most of the circuitry was relatively straight-
forward, but the SRD and cavity resonator circuits
were quite complicated mechanically. Many contacts
were made on 1296 MHz using this signal source for
the exciter and downconverter, even before the
1296-MHz band was as well populated as it is today.
Figure 1 is a block diagram showing the crystal-
oscillator multiplier system.

instrumentation

Since that time | have acquired an HP-8551/851B
spectrum analyzer, which gives me the opportunity to
look more closely at the oscillator’s noise and spuri-
ous performance. The frequency spectrum showed
spurious signals about 30 dB below the carrier and am-
plitude and phase noise at or below the noise floor of
the spectrum analyzer. An oscillogram of its spectrum
is shown in fig. 2, with a photo of the unit.

The 8551 can measure 70 dB below the carrier in
a 1-kHz bandwidth. Phase and amplitude noise of an
oscillator can be observed on this spectrum analyzer
if the noise is great enough; however, for phase noise
measurements of a clean and highly stable source, the
spectrurh analyzer leaves much to be desired.
Nevertheless, it does represent a benchmark against
which the noise and spurious signal characteristics of
other oscillators can be compared.

Why be concerned with oscillator spectral purity?
Because sideband amplitude and phase noise can con-
vert directly into the receiver’s passband and limit over-
all sensitivity under multiple signal conditions.** For
example, when a weak signal is being detected in the
presence of a stronger signal, oscillator phase noise
— beating with the strong signal — appears at the mix-
er's output and enters the |IF even though the strong
signal may not. If the phase noise of the local oscilla-
tor is great enough, the desired signal may be com-
pletely buried in noise. Therefore, it is important that
the phase noise of the local oscillator be made as srnall
as possible. Low phase noise is one of the most im-
portant characteristics of an oscillator.

fig. 2. Oscillogram of spectrum of crystal ascillater multiplier
chain. BW = 1kHz. Horizontal scale 30 kHz/cm; Vertical scale
10dB/cm.

specifications

The VCO described here was intended to replace
the 1152-MHz crystal-controlled oscillator-multiplier
chain discussed above. The ground rules | set were
to achieve performance as close to that of the origi-
nal unit as possible and to accomplish this in a simple
manner. The oscillator would be operated directly at
1152 MHz without the need for frequency multipliers
or cavity resonators and would be phase locked to a
crystal reference signal in a relatively simple phase-lock
loop. AFC would be included to avoid the possibility
of any frequency ambiguity.

phase-locked loops

The theoretical aspects of phase-locked loops have
been well covered in the references listed at the end
of this article. It might be a good idea to do some
reviewing before proceeding further. In particular |
suggest reading (or re-reading) the two articles by
Craig Corsetto, WAB0OAA.*® Far the most part, | will
use Corsetto’s notation to make this article easy to
follow.

phase noise at VHF

It is less difficult to design a PLL around a digital
phase detector than an analog one, especially when
the VCO operates in the HF or VHF bands. But going
beyond VHF into the UHF region introduces problems
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NOISE OF FICTITIOUS
FREE-RUNNING UHF VCO
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fig. 3. Possible phase noise characteristics of a UHF VCO.

that call for a considerable amount of ingenuity to keep
phase noise low. The alternative would be to use mul-
tiple loops, but this increases the circuit complexity
considerably.

To start out, | used a CD4046 phase/frequency de-
tector; this required that the frequency of the VCO be
prescaled (divided) by a large number so it would be
compatible with the CD4046’s upper frequency limit.
I used an RCA CA3179 prescaler followed by a
74L.S191 divider. The prescaler operated in the divide-
by-256 (UHF) mode, and the 74LS191 was pro-
grammed to divide by eight. Total division was 2048,
providing 562.5 kHz to the phase detector. By itself,
this circuit was effective in providing AFC and phase
detection, but, as we shall see, the noise introduced
due to the division factor would be unacceptably high.

loop bandwidth

The loop bandwidth, f3, is a key factor in terms of
phase noise because frequencies less than fj3 are un-
der the control of the PLL while those greater than
f8 are not. f3 is the frequency corresponding to unity
open-loop gain:

Kd) Kvto
Js = 2aN
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Ky = phase detector sensitivity

in volts/radian.
Ko = 42 MHz/volt, voltage tuning sensitivity.
N = 2048, oscillator division factor.*

For the CD4046, Ky = 0.7. Plugging in these values
vields /3 = 2285. The significance of this number will
now be discussed.

It is possible to calculate to a fairly good approxi-
mation the phase noise of a free-running oscillator as
a function of sideband frequency, using the follow-
ing relationships:7-2°

£ (fm)=10log {%j— [1 + (E%T) Z:I}a'Bc/Hz

This equation is not as formidable as it may seem. The
first term is Johnson noise divided by the oscillator’s
power output, which is 1/SNR {1/signal-to-noise ra-
tio). F is the noise factor of the active device, K is
Boltman’s constant, and T is the absolute temperature,
°K.

The second term represents the manner in which
noise is distributed on each side of the carrier frequen-

*| have departed from Corsetto’s notion by defining NV in the usual manner as
the divisor, a number equal to or greaterthan 1. This should help avoid confusion.
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cy. The term f,,, is the distance away from the carrier
that a measure of phase noise might be made. Note
that when f,, is very large, the second term ap-
proaches unity, and

£ (fn) approaches 10 log [ETSITV—R']

This is generally referred to as the single-sideband
noise floor.

Going away from the carrier, VCO noise decreases
until it intersects the noise floor at f;,, = f,/2Q.. At
a VCO frequency f, = 11562 MHz and loaded Q, Q;
= 25, the noise floor corner is 23 MHz. (As a rule of
thumb, Q; = 0.2 Qp, where Qg is the unloaded Q.)

closing the loop

Using the various values of f,,;, the dotted curve of
fig. 3 was drawn, including the noise floor, noise cor-
ner, and unity gain band edge, f8. When the loop is
closed, the noise departs from the 20-dB/octave slope
and tends to become constant from f3 to the carrier.
The solid curve of fig. 3 represents the noise response
of a fictitious VCO phase locked to a reference oscil-
lator. Because N is so large, VCO noise near the car-
rier is relatively high.

The importance of f3 cannot be overemphasized.
As the loop bandwidth is widened, more and more
phase noise comes under the influence of the loop,
making for a guieter VCO.

One way to widen the loop bandwidth is to reduce
N. Unfortunately, the upper frequency limit of the
CD4046 is about 2.5 MHz, based on a propagation

time of 200 ns between terminals 15 and 13. The low-
er limit on N is therefore about 450, giving

J8 = 10 kHz

This reduces in-band phase noise by about 15 dB,
which is better, but still not good enough.

phase noise characteristics

The phase-noise floor of a well designed crystal os-
cillator is about 165 dB below the carrier at offsets be-
yond 20 kHz but increases rapidly at lower frequencies
as shown in fig. 3.° This curve was extrapolated from
various manufacturer’s specifications and includes
low-frequency flicker noise. Since the noise of a VCO
tocked to this reference is increased by 20 log N above
the noise of the reference, the best that can be ex-
pected of the VCO under these conditions is about
—~80 dBm/Hz at offsets below f3. Notice that the
phase-locked noise level is only 10 to 15 dB lower than
for the free-running mode, because N is so large and
/8 so low. The curve of the free-running VCO was cal-
culated and has been verified only indirectly. While the
curve is referred to as “fictitious,”” it may in fact be
quite representative of the VCO's actual performance.
Use of such a VCO as the LO in a communications
receiver would surely degrade overall performance, es-
pecially in a multi-signal environment. An alternative
would have to be found.

phase/frequency detector
— part of the solution
The CD4046 is an interesting device because it is a
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combination phase and frequency detector. In this
dual role, it first steers the VCO toward the desired
frequency (i.e., provides AFC) and then phase locks
it to the reference. While the 4046 is not the only
means to this end, it is far simpler than most other
schemes. However, because it requires the use of a
prescaler, phase noise is relatively high at UHF. What
would happen if somehow N could be made equal to
unity? f3 would then become 2.55 MHz, providing a
theoretical reduction in phase noise of over 60 dB! This
would put the VCO noise in the vicinity of — 150
dBc/Hz and allow the noise specification of the UHF
oscillator to be met.

In an earlier ham radio article | wrote about a
programmable HF receiver that uses direct synthesis
(N=1)."" For AFC | added a counter, digital compa-
rator, and a DAC (digital-to-analog converter). This
receiver is still the workhorse of my station. It occurred
to me recently that | might be able to use a similar di-
rect phase detection scheme to provide phase lock-
ing and low noise at UHF, together with a CD4046 for
AFC purposes. The question was, could these two cir-
cuits be made to work together? If so, this would fi-
nally solve the noise problem.

the final scheme

The UHF PLL that finally evolved is illustrated in
functional block form in fig. 4. The main loop includes
a phase detector operating directly at 1152 MHz. The
auxiliary loop includes the CD4046, which provides
AFC. A “"picket fence’ of reference signals'? 36 MHz
apart in the vicinity of 11562 MHz, is fed from the spec-
trum generator to one port of the phase detector. An-
other port receives a sample of output RF from the
oscillator. The third port receives a frequency-steering
signal from the CD4046. The output of the phase de-
tector feeds a loop filter and amplifier driving the reac-
tance port of the VCO.

With this configuration, the noise of the VCO is ba-
sically the same as that of the reference oscillator. As-
suming that the noise curve of the reference shown
in fig. 3 is accurate, then the VCO phase noise should
be —90 dBc/Hz near the carrier, dropping down to
— 150 dBc/Hz 10 kHz from the carrier and beyond.
These are very respectable numbers indeed.

frequency programming

Using the numbers associated with fig. 4 establishes
1152 MHz as the UHF oscillator’s only operating fre-
quency. However, a number of other options have
been made available:
¢ Provisions have been made to enable selection of
N = 17,8, or9, corresponding to VCO frequencies of
1008, 1152, or 1296 respectively {(fyco = 144N).
¢ A VXO can be used instead of the fixed-frequency
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crystal oscillator to vary the UHF oscillator’s frequen-
cy by a small amount, typically + 1.0 MHz.

* Other output frequencies may be selected by chang-
ing the crystal frequency. Given a desired UHF out-
put frequency, the corresponding crystal frequency
will be as follows:

£ = 64 fvco
X 72048

or fy = 0.03125 fyco

For example, if the VCO frequency is to be 1116 MHz,
Sy = 0.03125 « 1116 = 34.875 MHz.

As another example, suppose the UHF oscillator is
to be used as the LO for an OSCAR 10 upconverter.
If the SSB generator is at 28 MHz, fyco = 463 MHz
and f,, = 14.46875 MHz. Of course, in this situation
both the crystal oscillator and UHF oscillator induc-
tances would have to be increased appropriately.

If you are planning operation on the new 902-928
MHz band, and if you use 29 MHz as the IF, a high-
side VCO will operate at 933 MHz and f,, = 29.15625

for N = 8

I

. MH?z, or alow-side VCO will operate at 875 MHz with

Sy = 27.34375 MHz.

The circuits described here are by no means all-
inclusive. The basic circuitry can easily be applied to
other frequencies and other schemes, including fully-
synthesized systems. For example, a frequency syn-
thesizer could be substituted for the reference oscil-
lator; however, this is beyond the scope of this article.
The objective here is based on the concept that most
Amateur UHF applications can be satisfied by provid-
ing a dedicated output frequency per individual circuit
board.

Next month: construction, testing, and per-
formance.
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EIMAC Tubes Provide Superior
Reliability at radio station KWAV —

over 112,000 hours of service!

Ken Warren, Chief Engineer at
KWAV reports that their 10 kW
FM transmitter went on the airin
November, 1972, equipped with
EIMAC power tubes. The origi-
nal tubes are still in operation af-
ter over 13 years of continuous
duty!

Ken says, “In spite of terrible
power line regulation, we've had
no problems with EIMAC tubes.
In fact, in the last two years, our
standby transmitter has oper-
ated less than two hours!"

Transmitter downtime means
less revenue. EIMAC tube relia-
bility gives you more of what you
need and /ess of what you don't
want. More operating time and
less downtime!

EIMAC backs their proven tube

MONTEREY, CALIFORNIA

reliability with the longest and
best warranty program in the
business. Up to 10,000 hours for
selected types.

Quality is a top priority at EIMAC,
where our 50-year charter is to
produce long-life products.

Send for our free Extended War-
ranty Brochure which covers
this program in detail.

Write to:

Varian EIMAC

301 Industrial Way

San Carlos, CA 94070
Telephone: (415) 592-1221

varian

More Details? CHECK —OFF Page 110
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TOO GOOD TO BE TRUE?

PAKRATT™ Model PK-64

shown with enhanced
HFM-64 option installed

* MORSE + BAUDOT x ASCIl x AMTOR « PACKET %

FIRST FIVE MODE
DATA CONTROLLER

The Pakratt model PK-64 by AEA is
the world’'s first computer interface
that offers Morse, Baudot, ASCII, AM-
TOR and Packet all in one box (hard-
ware and software included) at a price
many competitors charge for Packet
alone (from $219.95 Amateur net). Do
not let the low price fool you; coming
from any other company but AEA it
WOULD be too good to be true. The
PK-64 works with virtually any voice
transceiver. The Pakratt is the easiest
of any to hook up and have operating
in just a few minutes.

In Packet mode, the PK-64 offers vir-
tually all the features of every other
Packet controller on the market, plus
many important features left out by
others due to cost constraints. For ex-
ample, we have included a hardware
HDLC, true Data Carrier Detect (DCD),
multiple connect with up to ten sta-
tions simultaneously and full imple-
mentation of version 2.0 of the AX.25
protocol.

Because the PK-64 was designed
specifically for the Commuodore 64 (or
C-128 and SX-64) computer, we have
been able to do many things not eco-
nomically feasible with general
RS-232 interface controllers. For ex-

ample, the Pakratt includes true split
screen operation with on-screen stat-
us indicators and an on-screen tuning
indicator.

ENHANCED HFM-64 MODEM OPTION

The standard PK-64 will operate all
modes with a phase-lock-loop (PLL)
detector roughly equivalent to all pop-
ular packet modems in the market-
place (except we have included extra
filtering). The enhanced HFM-64 mo-
dem option offers true independent
dual channel filtering with A.M. detec-
tion (like the famous CP-100 Computer
Patch™). The enhanced HFM-64 op-
tion also offers a hardware LED tuning
indicator (like the CP-100) and a front
panel variable threshold control for
setting maximum sensitivity under va-
rious band gonditions. We recom-
mend the HFM-64 option for anyone
keenly interested in weak-signal
heavy-QRM HF operation. For anyone
desiring to operate FM RTTY with the
standard North American tone pair or
CW receive, the HFM-64 is required.
The HFM-64 is field installable with no
soldering or test equipment required.

WORKS WITH THE POPULAR
C-64 COMPUTER
AEA designed the PK-64 around the

Advanced Electronic Applications, Inc.
P.O. Box C-2160, Lynnwood, WA 98036-0918
(206) 775-7373 Telex 6972496 AEA INTL UW

low-cost C-64 because of the special
architecture features making it espe-
cially suited to Amateur Radio appli-
cations. The C-64 should not be viewed
as a mainframe, but rather a very eco-
nomical accessory to your data com-
munications system. Many owners of
expensive computers such as IBM,
TANDY, APPLE, KAYPRO, ATARI, etc.,
are now buying the low cost C-64 and
dedicating it to their operating posi-
tion. They simply cannot find software
for their machine that even ap-
proaches the power and user friendli-
ness of the PK-64. Plus, think of the
convenience of having only one con-
troller and keyboard to go from one
mode to another without having to re-
do cabling!

The PK-64 is so complete that all
you need to dois wire up amicrophone
connector to the end of a cable (provid-
ed) and you are ready to go. There is no
need to track down special terminal
software, cabling or even a power sup-
ply. It all comes with the PK-64. So do
not be the last on your block to own
the most exciting new product in
years. See the PK-64 at your favorite
dealer or write for our specification
sheet now.

Prices And Specifications Subject To
Change Without Notice Or Obligation

Brings you the
Breakthrough!
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PRACTICALLY SPEAKING ... 7= Cicr

using the multimeter

In last month's column we dis-
cussed various forms of multimeters
Amateur Radio and other electronic
hobbyists use in making electronic
measurements. This month we'll dis-
cuss how these instruments are used
in practical applications. The proper
use of volt, current and ohmmeters —
as well as how to make high voltage
and RF voltmeter probes — will also
be discussed.

how to connect meters

It's essential that you learn the cor-
rect way to connect meters into a cir-
cuit, because using these instruments
incorrectly can lead to catastrophe.
Figure 1 shows the correct methods
for connecting the various forms of a
basic meter. Note well that voltage,
current, and resistance aren’t meas-
ured in the same ways; this fact leads
to a high potential for damage to mul-
timeters because the different func-
tions are switch-selected. It's all too
easy to ‘misconnect’’ a multimeter by
switching ranges without first chang-
ing the position of the probes. The
connections for voltmeters and current
meters are shown in fig. 1A.

There are two simple rules to
memorize:

1. Voltmeters are connected in parallel
with the load.

2. Current meters are connected in ser-
ies with the load.

Don’t ever violate these rules! The
second rule — always connect the am-
meter in series and never in parallel —
is especially important. If an ammeter
is connected across the load, its low
internal resistance will draw large cur-
rent from the power supply of the cir-
cuit under test, and that current is

usually much larger than the full-scale
range of the meter. On an analog
meter (a “pointer type'’ rather than
digital) the pointer will often bend
around the peg and a puff of smoke
will waft from the edge of the case.
The problem may be reduced in some
digital multimeters (DMM), but is still
present. Fortunately, most manufac-
turers now place fuses in series with
their multimeter probes.

VOLTMETER IN PARALLEL

@
f—
{

CURRENT METER
IN SERIES ONLY

OHMMETER QUT OF CIRCUIT

®

L

v =

I

fig. 1. Correct methods for connecting
meters to circuit.

The rule for ohmmeters is to discon-
nect the resistance being tested from
the circuit even though the power is
turned off. There are two reasons for
this procedure: first, there may be
parallel alternate paths for current to
follow, and these will cause an errone-
ous lower reading; second, there may
be current stored in capacitors in the

circuit, and that current can be large
enough to destroy the meters.

Power supply filter capacitors are
particularly dangerous to meters.
Although even professional electron-
ics workers may ignore this rule, it's a
good habit to foliow even if discon-
necting components is a bit of a
nuisance.

voltmeter “errors”

I can recall an incident in a labora-
tory class in which an electrical en-
gineering instructor couldn’t tell a
certain student why the voltages read
in an experiment were considerably
lower than called for in the lab manu-
al — and lower than the results of
other students. The reason for the er-
ror turned out to be loading of the cir-
cuit by the voltmeter.

A voltmeter has an input impe-
dance. For a volt-ohm-milliammeter
(VOM) type of instrument, the input
impedance can be determined by the
sensitivity rating in ohms per volt.
Most good meters have a sensitivity of
20,000 ohms per volt, and some espe-
cially fine meters are rated at 100,000
ohms per volt. Many inexpensive im-
ported meters, on the other hand,
have a 1000 ohms/volt sensitivity,
which is very bad. Incidentally, the
sensitivity reflects the full-scale “‘natur-
al” range of the meter movement used
in the VOM. The 20,000 ohms/volt in-
strument uses a 50 xA movement,
while the 1000 ochms/volt meter uses
a 1 mA meter movement.

Figure 2 shows a sample circuit to
illustrate the problem of loading. The
circuit consists of a 10-volt source, V,
and two series resistors, R1 and R2.
What we need to know is the voltage
across resistor R2 — that is, voltage
V2. The correct voltage will be:
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CALLBOOK SUPPLEMENT $9 95

Latest Callsign information available — U.S. and Foreign

Significant changes for 1986 mandate that all hams get both
the North American and International Callbooks. DX'ers and
Contester’'s note — Having both books is the only way you'll
have all Foreign Amateur listings.

NORTH AMERICAN CALLBOOK INTERNATIONAL CALLBOOK

The old US Callbook has been expanded and The Foreign Callbook 1s no more! In its place

now contains the listings of all hams in North the new International Callbook includes all

America plus Hawaii and US Possessions. This Amateurs outside of the North American conti

improved operating aid has all the latest calls nent. All the latest callsigns and QTH's are listed

and QTH information available at press time and 1o help ensure you get that prized OSL card

will be an invaluable reference guide. With calls Universally recognized as the source of informa

from Panama to Greenland, every ham should tion. Order your's today 1985

have a copy ol this new book in their shack .-CB_FBB sonhﬂ"nd 520'95
1985

'CB-US86  Softbound $21.95

Order All Three and SAVE. SPECIAL PRICE
Reg. Price $52.85 SAVE $5.90

Please enclose $3.50 to cover postage and handling

Fadio....... BOOKSTORE -
-—"'

GREENVILLE, NH 03048

-npap
* INTN L MONTHLY MAGAZINE BY AND FOR ACTIVE RADIOAMATEURS

&6sd MAmISPoRTIn

Dedicated to quality and sportsmanship 1in
amateur radio operating. Fresh, timely, practical

and down to earth reading for little pistols and Converts Your
big guns written by world's best in their fields.

DX news, DXpeditioning, propagation, contest
rules and results, emergency = traffic, FCC news, HT to a PowerfU|
new products, antenna and techmical articles,
equipment reviews and modifications, computer H H
programs, YL, RTTY, VHF, UHF, ATV, 55TV, AMTOR, i M0b"e Unlt

i

lassified ads and much more.

+ 30 watts output
+ GaAs FET pre-amp
« Fits on car door
"Your W2PV articles are priceless, Your magazine 1s 02 Me‘ters or m cm

super!" Rush Drake, W7TRM

"Your Pubflfdflna-lﬁ xupﬂfbf Keep 1t up!"
Joe Reisert, WIJR

"Let me congratulate you on a very 1mpressive
magazine, Just what I've been looking for as a DXer
and Contester!" Dick Moen, NVROD

"RADIOSPORTING, once received, cannot be tossed
aside wuntil 1t 15 read from cover to cover. Then
reviewed again and again." Chas Browning, W4PKA

Subscription rates: | vear USA § |b, Canada § 22,

Overseas US§ 19
Membership in International Radio Sport Assn § 4/vi

TRY US! PHONE OR SEND YOUR QSL CARD FOR SAMPLE COPY NAVAL ELECTRONICS, INC.

e . ; i ; _ 5417 Jetview Circle - Tampa, FL 33614
RADIOS POR I'I] le‘ . Tel., (416) 438-b61311 PhOFIE: 813'%5'% 'TElEX: 289'237 {NAVI. UR)

Box 65, Don Mills, ON, MIC 2Ré6, Canada
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RI 100k

METER

Ru

fig. 2. Simple circuitillustrates problem of
loading.

_ VeR2 _ 10volts X 10K
~ RI + R2 ™ (100K + 10K)

V2 = 0.909 volts

V2

Now, consider what happens when we
connect the voltmeter across resistor
R2. The total resistance of this branch
of the circuit is now the parallel com-
bination of R2 and the meter’s input
resistance. Consider a 1.5 voit full-
scale setting for the meter. At this set-
ting, the 20,000 ohm/volt model has
an input impedance of 30,000 ohms,
and the 1000 ohms/volt has an input
impedance of 1500 ohms. When con-
nected in parallel with R2 to measure
the voltage drop across the resistance,
the combination of R2 and the input
impedance forces new values of ‘R2"
of 7500 and 1300 ohms, respectively.
These heavily loaded resistances
reduce the measured voltages from
0.909 t0 0.697 and 0.128 volts, respec-
tively. These errors, which are sub-
stantial, clearly illustrate the reason for
using a voltmeter with a high internal
impedance.

high voltage probes

Most high voltage meters are really
ordinary voltmeters with a multiplier
resistor or voltage divider network ad-
ded. Figures 3 and 4 show two alter-
nate methods for adding high voltage
ranges to the standard multimeter. The
HV probe of fig. 3 is used on those
meters that have a specified input im-
pedance of 10 Megohms (for example,
VTVMs). When the series resistance
inside the probe is 990 Megohms, the
voltmeter will read 1/100 the actual
voltage. Thus, a 30,000 volt potential
will read 300 volts on the meter. This

type of probe is widely available from
electronic supply houses, especially
those that cater to television service
technicians, who often use such probes
in conjunction with regular voltmeters
for measuring anode potentials on color
TV sets.

The basis for the probe shown in
fig. 3 is the resistor voltage divider cir-
cuit, in which one element is the series
resistance and the other is the volt-
meter input impedance. These probes
require an input impedance of 10
Megohms. However, maodern elect-
ronic voltmeters, including FETVMs
and DMMs, have input impedances
much higher than 10 Megohms. For
these cases we use a circuit such as
the one shown in fig. 4. Again, when
you buy an HV probe for your instru-
ment it’s likely to have this circuit in-
side; in fact, some of the “‘universal”’
probes on the market are little more
than circuits such as the one shown in
fig. 4 with 100:1 or 1000:1 reduction
ratios.

You can, if you prefer, make such
a probe yourself. | once made one for
a hospital electronics lab that was

based on the old-fashioned model
shown in fig. 3. We had the old probe,
which mated with a traditional VTVM,
but it didn‘t work on the new DMM
with its advertised 1000-Megohm input
impedance. Since the meter had a pair
of banana jacks spaced 0.75-inch apart
{(a standard value), | mounted resistor
R2 on a dual banana plug and soldered
the combination to the ends of the old
HV probe. The value of R2 was 1
Megohm, so with the 990 Megohms of
the probe resistor | had a new probe
with a 1000:1 reduction. We needed
the probe for measuring the 12-15 KV
anode potential of some elderly San-
born scopes. In that case, a reading of
1.2 to 1.5 volts indicated the correct
vlaue. In other applications, one couid
use the same 10 Megohms for R2 as
was common for VTVM input im-
pedances to make a 100:1 reduction
HV probe.

A high voltage probe should be
equipped with a good alligator clip for
this connection. If you use an ordinary
alligator probe, or a poor quality alli-
gator clip for the common lead, then
all bets are off — you could easily zap

HV PROBE

VTVM (ETC)

A typically 990 Magohms

Megohms.

fig. 3. High-voltage probe is used on meters with specified input impedence of 10

HV PROBE

NN

JE—

Ri

CLIP

=T

.

/99
e

DMM

I R1 - 990 Moganms

o1 10001
B2 Magahms A2 i Megokms

fig. 4. High voltage probes such as FETVMs and DMM s are likely to contain this circuit.
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the meter. Damage to the meter is es-
pecially likely when it and the circuit
under test are both grounded. If the
common lead comes loose, the current
from the high voltage circuit will try to
find ground through the instrument.

meters in RF circuits
Very few multimeters are designed

SHIELDED CABLE
TO VOLTMETER

fig. 5. RFblocking probe allows measure-
mentof DC voltagesin circuits where RF
is likely to be present.

to operate in RF circuits. There are two
problems: first, we sometimes need to
measure DC voltages in the presence
of large RF voltages; second, we might
want at least a relative indication of the
value of the RF voltage present in the
circuits. Fortunately, we can build our
own probes that serve both functions.

The RF blocking probe shown in fig.
§ is designed to allow measurement of
DC voltages in circuits where RF is
likely to be present, such as in a radio
transmitter. The circuit inside the
probe is a low-pass filter consisting of
a 2.5 mH RF choke and a 0.01 xF capa-
¢itor. This circuit will block enough RF
in most cases to permit a reading of
the DC component. If there’s still a
problem, try two or three sections of
the RFC/capacitor circuit to provide
additional attenuation.

There are problems to be aware of

PROBE

=1 1

______ 7
|
|

e e —

I fé RI
PROBE | 220k

o -

] I

!

| CRI

| IN6O

: EC6-109

| OR EQUAL

L =

0o/ } RrR2 ‘|

‘ *@ J1 o€
I OUTPUT
)

CRI
INEO
OR IN34

47k

of RMS voltage.

fig. 6. RF voltmeter probe circuits demodulate AM signals. {A) Low-cost demodulator was
found insignal tracers; (B) Long popular with Radio Amateurs, this circuit was original-
ly published in the ARRL Handbook: (C) Another popular circuit canbe calibrated in terms

a4.7M
J\r—@ Jt DC
OUTPUT
CRI
IN6O
EC6-109
OR EQUAL

CcR2 |

i
DC QUTPUT
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when using the RF blocking probe
shown in fig. 5, however. The most
obvious is that the RFC and the capa-
citor might interact with LC elements
in the circuit and could thus distort the
readings. It's also possible to damage
certain circuits by detuning them — as
in detuning a plate tank circuit while
the circuit is live, for example.

Another problem is that RF chokes
have a resonant frequency. This fre-
quency is a result of the inductance
and interwinding capacitance of the
choke. When using the probe at the
choke's natural resonant frequency, it
will act like any other resonant circuit
and perhaps destroy itself.

RF voltmeter probe circuits are
shown in fig. 6. Both of these are
sometimes called ‘‘demodulator
probes’’ because they’ll demodulate
AM signals. A service instrument
called a signal tracer is little more than
an audio amplifier with a low
capacitance probe up-front to pick up
audio signals. If we replace the low
capacitance probe with one of the cir-
cuits shown in fig. 6, we’ll be able to
troubleshoot AM receiver RF and IF
circuits. With the diodes shown, we
can measure RF potentials up to about
50 or 60 volts peak. For greater poten-
tials, use two or more diodes in series.
The diodes, by the way, are old-fash-
ioned germanium diodes. Although
largely supplanted in the market by sili-
con diodes, there are still many TN60
diodes used as video detectors in TV
receivers. You can still buy 1N60 di-
odes under the ECG-109 and certain
other “‘universal’”’ replacement part
numbers.

The probe shown in fig. 6A was
used in a number of low-cost demodu-
lator probes associated with signal
tracers a few years ago. The circuit
shown in fig. 6B, on the other hand,
has been popular among Radio
Amateurs for decades because a simi-
lar circuit was published in the ARRL's
Handbook. Finally, there's another cir-
cuit, shown in {fig. 6C) that's also very
popular, and can be calibrated in terms
of RMS voltage.

ham radio
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_ Under New Owner:ship
American made RF Amplifiers and Watt/ SWR Meters

of exceptional value and performance.
*5 year warranty ® prompt U.S. service and assistance

RF AMPLIFIERS WATT/SWR METERS
2 METERS-ALL MODE 220 MHz ALL MODE » pcak or average _reading .
B23 2W in=30W out C106 10W in=60W out * direct SWR reading
(useable in: 100 mW-5W) (1W=15W, 2W=30W) RX preamp m-é ESIF%}F} -%3301‘6'%{?
B108 10W in=80W out C1012/10W in=120W out ' ‘ ‘
(1W=15W, 2W=30W) RX preamp (2W=45W, 5W=90W) RX preamp

B1016 10W in=160W out C22 2W in=20W out 430-450 MHz ALL MODE
(AW=35W, 2W=90W) RX preamp (useable in: 200mW-5W) (?&? 33";}'\?}‘401’” out

B3016 30W in=160W gut RC-1 AMPLIFIER o

(useable in: 15-45W) RX preamp REMOTE CONTROL (?‘}UO'ISSIWO‘N?&?%% out
(10W =100W) . Duplicates all switches, 18’ cable A

Available at local dealers throughout the world. s———————————
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*i BULLETIN

= — For more than 40 years we

"~ nave been serving the amateur S-E-R-V-I-C-E
community with QUALITY PRODUCTS and
DEPENDABLE “SERV-I-C-E” and, we fully intend to and
carry on this proud tradition with even MORE new
product lines plus the same “fair’ trealmen! you've
come 10 rely on. Our reconditioned equipment is of the
finest quality with 30, 60 and even 90-day parts and

“AMERICA’S MOST RELIABLE AMATEUR RADIO DEALER"

SELL-TRADE

New & Reconditioned

lobor warranties on selected pieces HAM EQUI PMENT
And, remember STORE HOURS: ) . — T
9-5 P.M. (CST) Call or Write Us Today For a Quote!
— WE SERVICE WHAT WE SELL — MONDAY thry FRIDAY You'll Find Us to be Courteous, Knowledgeable
OPEN SATURDAYS and Hones!
AEA DRAKE MOSELEY et
AMECO ENCOMM NYE SUNDAYS/HOLIDAYS PHONE (605) 886-7314
AMERITRON HUSTLER PALOMAR
ANTEK ICOM RADIO CALLBOOK
ARRL JANEL ROBOT
ASTRON KANTRONICS ROHN
ANTENNA KDK TELEX | HYGAIN p MAIL AND
SPECIALISTS KLM TEN-TEC ué:.nor;(:‘m
BLW LARSEN TRIO-KENWOOD L, 0
BENCHER MFJ UNADILLA / REYCO F .+ . They're our
BUTTERNUT MINI-PRODUCTS YAESU business!!
RRcHT: e — AEA AMT-1. REGULARLY $479.95

’@\ T } NOW ONLY $299.95
Write 1oc|c|y for our latest THE AMTOR TERMINAL UNIT!!! Works with any
P.O.Box 73 ASCIl terminal or personal computer with a terminal
lletin/Used Equipment List. 208 East Kemp program. Also works RTTY, CW, ASCII.
Busisia A1 PP Watertown, SD 57201 ORDER YOURS TODAY! Limited quantities.
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MICROWAVE MODULES TRANSVERTERS 7 MILLION TUBES COMPUTER PROGRAMS
MMT1296/144G 1296-129BMHZ. 144i1. 2w, GAASFET  $369 FOR THE RADIO AMATEUR Y0
MMT432/28-5  432-437MHz, 2811, 10w $279 — L
MMT220/28-5  220-225MHz. 2811, 10w 5249 L A f) by Wayne Overbeck, N6NB,
MMTIAZBR e o 25 O 0 = and Jim Steffen, KC6A
= " g .
MMISOZ8R  50-54MHz. 281, 20w, Here's the first source book of computer programs
TRON hlqmnlm"”mmam we for the Radio Amateur. Besides covenng computer
e e i B R basics, this book gives you programs that will help
L1235 1296- 1298MHz. 14411, 10w, GAASFET $479 o log, determine sunrise/sunset times, track the
L1335 902-904MHz, 1441, Sw, GAASFET 4249 g, s e oo Greyﬁrfe i
MICROLINE 13 2304-2306MHz, 1441, 0 5w, GAASFET $349 $ path across sky, u DXECU
DX1445-01 144-146MHz. 0 4db nl, 25db gain §169 tion and set up record systems for WAS, D
DX4325.01 430-440MHz, 0 3db nf, 20db gain $179 and VUCC, or any other award. You can either
{m%& ;;o?: 3%.’1? g ﬁﬂ n: iau;:' ey ";:;3 buy the book alone or you can buy the book with
e O g It n disk. Take full advantage
MV1445-01 144.148MHz, 0 5db n, 25db pain $179 ) | ,JI 2‘;3 Dll:ﬂé:l‘rl‘rlls iwfﬁ\fmomg S:m“ w:ﬁen ot 0
MVA325-01  430-440MHz, 0.7db nl, 25db gain $179 ] f your pu - L oy
MV 1296-5 1250- 1300MHz, 1.00b nf. 16db gain  $219 book. 1984, 1st edition, pages
DCW15A Sequencer lor MV preamps $19 CATALOG [ 1“‘_“57 Soﬂhmlrld 515%
PAZ310 1296MHz, 10w sobid stale PA §199 FREE [ IHA-0657 with program 95
PM1300A Terminating watt meter (20mw-20W). . $219 ] ; chewe p s,e'e ot balow) s
EME ELECTRONIC : Includes all Current, Obsolete, An- Specify computer { 19.95
HF 400 High power relay, 144 2iw, 432 1w $119 : H To-Find R e [—.IPI'GUGI'I! disk alone $19.
i SO o ol tique, Hard-To-Find Receiving, Programs available for: Apple I (DOS and CP/M),
WATTHETER 430, 1306, 2304 M o Broadcast, Industrial, Radio/TV IBM (DOS), TRS-80 Model | and Model Il and
PAZI200 1206MHz 2 tube PA, 200 + W water 7 TY[JBS- LOWEST pmces' Ma]ot Eogmlgk cﬁ :mse mark your order with the
coolers rogr I
A lers for 2039, 7289 :
. gg:?;l'?:ttrs i - s10 Brands, In Stock Please include $3.00 shipping and handling.
MUTEK LIMITED TRANSVERTERS & PREAMPS t. oy
GMFAT44E 144MHz su;:weﬂ preamp. 5160 u""Y Electm"lcs mn H Ham Rad'u s BUU kstofa
Tdbnf, 1.5kw :
GLNA4SZE  432MH2 swilched preamp v P.0. Box 213 TS Greenville, NH 03048
Gdb nf. S00W
TVVFS0A S0MH7 transverter, 2BMH2 if, 10w $339 i
TVVF 1444 144MHz transverter, 2BMHz 11, 10w $339 Ellzabe‘h’ NJ 07206
Front end boards for FT221, FT224,1C211, 10251, 1C271 rom $ 129
Tmﬁgg'gi'?sﬂl!z";m”‘n HANS PETERS (VEICRU)
BOX STATI 5
TORONTO, ONTARIO (416) 759 5562 THE JOY OF QRP: STRATEGY FOR SUCCESS
CANADA MSW 1P3 EVENINGS The experts reviewed Ade Weiss's (WBRSP) book and wrote: George Dobbs, GIRJV. Radcom. | am mos!
impressed both with the scope and content of the book the sections on objectives, planning, npmat'nig
» 174 techniques, band selection and propagation would help any Amateur whatevar power is being used — SPRA Q
Q a comprehensive guide 1o the whole sgs‘f;cl of QRP a greal book for ORP'rs and a lot of QRO operators
would benafil from reading it " Doug aw, W1FB, OST "I found the b_ook easy to read, and the fex! is R
interesting throughou! | would have no h in rece fing WORSP's book 1o -'lnly Amateur interasted
R QRP operation. In fact, it will provide great raadm? tor nearty any active ham ' Bill Welsh, W8DDB, Novice p
Ed., CO 151 pages covening QAP from basics 10 fine points in 8 interesting chapters Novices will have
P o difficulty understanding the exp " Fred B ita. W50JM, QRP Quarterfy” “‘In no other place have
| encounterad such a well-founded stalement of the philosophy of QRF operating 121
POSTPAID:$10.95 (U.S.), $12.95 (Foreign) v
MILLIWATT BOOKS, 833 Duke Si. #83, Vermillion, SD 57069 ===
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The TlTAN final amplifier

may be your final amplifier!

Linear Amplitien

Model 425 TITAN
Linear Power Amplifier

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

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

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

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

The TITAN could easily be your final FINAL
AMPLIFIER.

See your dealer or write

) II.I TEN-TEC x
*Commercial version available SEVIERVILLE, TEMMESSEE 37082



KX@0 with completed “Colorado Kilowatt” 6-meter
amplifier. Photographs courtesy WOMXY

Several years ago | became interested in VHF con-
testing and soon realized that contests require the ulti-
mate in VHF operating skill, knowledge of propaga-
tion, and the best equipment an operator can muster.

Six meters, located in the “gray zone' between HF
and VHF, but exhibiting characteristics of both, has
made or broken many a VHF contest effort. If it's
open, working 6 meters requires topnotch skills to
maintain rate and sift through pileups on or near
50.110. If 6 is dead, then high power, good antennas,
and scatter techniques are the name of the game.

It was the urge to work the 6-meter scatter circuits
— and the rigors of contesting — that made me con-
sider obtaining a full legal-limit kilowatt for the band.
The amplifier had to be able to deliver full power out-
put without strain for hours. It had to be a trouble-free
design; after all, who likes to doctor an amp during
a band opening? Because of second harmonic prob-
lems in the FM broadcast band and proximity to chan-
nel 2, it would also have to have a very clean signal.
Quite an order!

There simply weren’t any commercial 6-meter amps
that met my requirements. Ten-year old marginal com-
mercial amps built before the “amplifier ban” days and
150-watt bricks were the sum total of selections avail-
able. Because most of the older units used a pi out-
put circuit that just wouldn't provide enough harmonic
rejection, they weren't clean and had second har-
monics only 40 dB down. By today’s standards, amps
built for use above 50 MHz must exhibit second har-
monic attenuation of at least 60 dB below the fun-
damental signal.

Easy-to-build
3CX1000A7 unit
provides

legal limit output

6-meter

kilowatt amplifier

the pi-L output circuit, which provided a clean signal
and sufficient harmonic suppression, would be the
right way to go.

A 1000-watt dissipation tube was necessary. This
meant that I'd have to use a pair of tubes such as those
of the 8874 series or a single tube in the 8877 class.
| ruled out glass envelope tubes because of high inter-
nal capacitances.

| chose the Eimac 3CX1000A7, a 1000-watt plate dis-
sipation triode that's very similar to the 8877 except
for a different socket. Parts are available from most
parts supply houses. | used my junk box, RadioKit,
Amp Supply, and a local parts supply house to obtain
the necessary items.*

The amplifier is built on a 10 x 12 x 3-inch Bud chas-
sis. (fig. 1). Aluminum panels (0.040 inch thick) are
used for the chassis bottom cover, sides, and top
plate. Aluminum "'L" stock, available from most hard-
ware stores, is used to hold the sides and top plate
securely. All metalwork was done in my workshop
using standard hand tools.

circuit description

The amplifier uses a grounded grid circuit with either
the Eimac 3CX1000A7 or 8877, ceramic/metal triodes
intended for linear service in the HF and VHF ranges.
The amp provides the legal power output of 1500 watts
PEP and CW service with no effort and requires a
driver delivering between 50 and 80 watts at 50 MHz.
This is well within the limits of multi-mode rigs.

With a plate voltage of 3000 volts at 0.8 amps the

So | began to look for a design that would fit these By Lauren Libby, KX00, 6166 Del Paz Drive,
parameters. After some research, it became clear that  Colorado Springs, Colorado 80918
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fig. 1. 6-meter amplifier schematic.
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amplifier performs at 60 percent efficiency. The grid
is grounded by means of the grid ring of the
3CX1000A7 socket providing a low-inductance path
to ground. The amplifier is completely stable.

One notable feature of the amplifier is the use of
a vacuum variable capacitor for tuning and loading
controls in the plate circuit. The plate tuning capaci-
tor is a 3-30 pF and the loading capacitor is a 0-250
pF. | used these units because they were available.
The tuning capacitor should be a vacuum-variable
because of the high voltages and currents present. An
air-variable with large spacing could be used — just
be sure not to exceed the voltage rating of the capac-
itor. The loading capacitor can be an air-variable that
is of good RF transmitting design and rated for at least
2000 voilts.

The pi-L circuit provides good harmonic suppres-
sion and broad frequency coverage. Most designs for

*RadioKit, Box 411H, Greenville, NH 03048; AmpSupply, 201 Snow Avenue,
Raleigh, NC 27602

parts list

B1 blower (Dayton 1C180)

CR1.2 1000-volt, 1-Amp diodes (Radio Shack)

DS1 110-voit lamp and holder

T 0.001 500-volt feedthroughs

J1 Millen high-voltage connector

J2 “N’-type chassis connector

J3 BNC chassijs connectar

L7 6 turns, No. 18 on slug coil form available from Radio Kit,
CTC 1538-4-3 or equivalent, spaced 7/8 inch

L2 6 turns No. 18, 1/2 inch diameter, 5/8 inch long, self-
supporting

L3 3-1/4 turns, 1/4-inch copper tubing, 2-inch di; 4 h
long

L4 8 turns, 3/16-inch copp bing, 2-1/4 inchas fong, 3/4 inch
diameter

RFC1 43 turns, No. 16 enameled, spacewound about 4-1/8 inches
long on 3/4 inch diameter x 6-1/2 inch long teflon rod thread-
ed to fit wire windings

RFC2  Ohmite Z-50

RFC3,4 30-Amp filament choke (available from Amp Supply) Bifilar
wound on ferrite rod

T? 5-volt, 30-Amp filament transformer (Stancor) No. P-6468

the 6-meter band cover only the first couple of Mega-
hertz of the band because of exotic designs using
“floating turns'’ and expandable coil arrangements.
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fig. 2. Grid compartment, bias supply, and input circuits. All
connectors outside the compartment are made through feed-
through capacitors. Theinputcomponents are picturedin the
lower center of the grid compartment.

These designs have been attempts to deal with high
internal capacitances present in transmitting tubes,
Only about 30 pF of capacitance are needed to reso-
nate most circuits at 50 MHz, and many tubes have
almost that much capacitance. So, in essence, the
tube is a fixed tuning capacitor resulting in no tuning
range for a variable capacitor.

This amplifier circuit provides for this condition by
raising the Q of the circuit to allow for more capaci-
tance tuning range. By increasing the Q, harmonic
suppression is improved.

A 12-volt 50-watt zener diode is placed in series with
the cathode Yeturn line to set the desired plate idling
current and bias. The plate and grid circuits are
metered in the cathode return lead.

the input circuit

The input circuit is a “T" design consisting of two
coils and a shunt capacitor. One coil and capacitor are
variable. With these two adjustments it's possible to
cover a broad range of input impedances.

The controls are brought out the side of the unit for
easy tuneup. Since the input circuit is a fairly broad-
band circuit, no tuning is needed once it's set for the
first Megahertz of the band.

The input matching circuit can be seen in the lower
center of the under-chassis photograph (fig. 2). The
filament choke, a commercial unit obtained from Amp
Supply, is capable of handling 30 amps of current at
5 volts.
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A 1000-pF ceramic doorknob capacitor is used
between the BNC input connector and the variable
inductor in the input circuit. A transmitting mica would
have worked just as well, as long as it was capable
of handling 100 watts of drive power. Silver mica capa-
citors are used to isolate the filament line.

bias circuit

The bias circuit is built on a subassembly consist-
ing of a brass plate and components. The subassem-
bly is mounted on 1-inch spacers above the bottom
of the chassis. The large resistors shown near the
zener diode are suspended on a teflon rod hung from
mounting supports.

plate circuit

Figure 3 shows the layout of the pi-L circuit. The
plate choke is 43 turns of No. 16 gauge wire wound
on a 3/4-inch diameter teflon rod measuring 6-1/2
inches long. | threaded the rod using an NC (National
Course thread) die and then spacewound the coil in
the threaded grooves. Half-inch copper strap is used
to connect the plate circuit components. (This again
is to accomodate the rigorous operating conditions.)
Since the plate circuit has a high Q, large circulating
currents are present. The wvacuum variables are
mounted with 0.060-inch aluminum “'L"" brackets that
were fashioned with metal shears and bent to shape.
The plate inductor L3 is wound from 1/4-inch copper
tubing. The “L" portion of the circuit is mounted away
from the loading capacitor at a 90-degree angle and
is connected to a Z-50 (Ohmite) RF choke and antenna
connector,

The layout is clean and easy to reproduce. Notice
that an aluminum shield protects the filament trans-
former from stray RF.

fig. 3. View of plate compartment. Note the location of the high
voltage capacitor, plate choke, and plate circuit. This is an
uncluttered layout and easy to reproduce.



fig. 4. Rear view of completed unit. High-voltage connector and
input tuning controls are pictured. The blower is positioned to
pressurize the lower portion of the chassis.

fig. 5. Completed rear view showing the feedthrough capaci-
tors, output connector, meter mountings, and blower location.

The high-voltage connector is encased in an alumi-
num mini-box and connected to the high-voltage feed-
through capacitor. Safety is paramount when dealing
with lethal voltages such as those used in this design
(see fig. 4).

The tube chimney used with the 3CX1000A7 is a
piece of teflon sheet (0.030 inch) cut to fit around the
anode of the tube and fastened with teflon tape. Air-
flow is directed from below the chassis and through
the socket, and is then exhausted through the tube
and out the top of the amplifier (see fig. 5).

tube performance data

Either a 3CX1000A7 or an 8877 can be used in the
circuit. The 3CX1000A7 uses either the Eimac SK-860
or SK-870 air system socket, a breechlock type. The
8877 uses a plug-in Johnson 122-247-202 socket.

Both tubes use 5 volts for the filament voltage. The
primary difference is that the 3CX1000A7 requires 30
amps of current, since it has a directly heated filament,
and the 8877 requries 10 amps.

Many operating parameters were tried with this

piece of equipment. The most suitable ones for Ama-
teur use are listed for the 3CX1000A7 below:

Plate Voltage 3000 Volts
Plate Current (Single Tone) 0.800 A

Plate Current (ldling) 0.125 A

Grid Voltage (Bias) —~12 Volts
Grid Current (Full Drive) 0.200 A
Filament Voltage 5 Volts
Filament Current 30 Amperes
Power Input 2400 Watts
Power Output 1450 Watts
Drive Power 75 Watts

adjustment and tuneup

The completed amplifier is shown in fig. 6. Before
applying any operating voltages, grid dip the input and
output circuits to 50 MHz with the tube in the socket,
This can be acccomplished by putting a 50-ohm load
on both the input and output connectors. Tune the
variable inductor and capacitor in the input circuit to
resonate at 50 MHz. Note that this will have to be
tuned again after the amplifier is operating; this will
put it in the ballpark, however.

Grid dip the plate tuning circuit to 50 MHz without
applying any voltages. You may have to expand or
compress L3 to resonate the circuit. L4 should not
require any adjustment and is not as critical as L3.
However, it should resonate near 50 MHz.

Turn on the blower and apply filament voltage. Let
the tube warm up, check the filament connections at
the tube to ensure that a full 5 volts is present. Some-
times a voltage drop can occur across the filament
choke. The tube should be within 0.25 volt either side
of 5 volts. ;

Place a wattmeter in the input and output line of
the amplifier. The input meter should be capable of
handling at least 100 watts and the output meter
should be capable of measuring 1500 watts output.
I used a 2500-watt slug in my Bird meter. Tuneup was
executed into a 1500-watt dummy load.

After the tube has warmed up, apply reduced plate
voltage (about 2000 volts) and look for any evidence
of arcing or other abnormal conditions. If everything
appears to be operating normally, apply a small
amount of drive and adjust the input circuit for mini-
mum SWR. Do this quickly and with no more than
10 watts of drive.

Apply more drive gradually and adjust the plate tun-
ing and loading controls for maximum output power.
Look for any abnormal conditions. If none are
observed, increase the drive and retune. If everything
looks good, increase the plate voltage to 3000 volts
and quickly tune the amplifier with about 50 watts of
drive applied. Read the output power, compute the
input power by multiplying plate voltage by the plate
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fig. 6. Front view of the “Colorado Kilowatt.”

current and compare it with the output power meas
ured. This will give you an idea of the plate circuit effi-
ciency. If everything appears normal, increase the drive
to 80 watts, set the parameters suggested in this arti
cle, and you'll have a commanding signal on the 6
meter band.

final comments

Several lessons were learned in designing and build
ing this amplifier. One was not to hook the connec-
tion of the high-voltage strap going to the tube to a
bolt running through the teflon rod of the RF plate
choke. During tuneup | had flaming teflon rod as a
result of all the circulating currents running through
a 6-32 screw. Make sure the connection of the tube
strap is on the same side as the one to which the choke
winding is attached.

Before you begin construction of this amplifier, I'd
suggest you do some reading: Bob Sutherland,
W6PO's "Two-Kilowatt Amplifier for Six Meters,”
which appeared in ham radio in February, 1971, and
Bill Orr's Radio Handbook, regarding the design
parameters of the pi-L circuit, are “must’ reading.

Although you don’t have to be an electrical engineer
to build this amplifier (I'm an economist), it's not a pro-
ject for the first-time builder. But if you have some
experience, you may want to build it and enjoy the
operating possibilities it affords. As you build, it may
help to keep in mind something I've found to be true
over several years of building amplifiers: for cleaner
signals and years of trouble-free operation, it's best
to over-build.

Because many good high-voltage circuits have
already been published, | haven't included a power
supply circuit with this article. Just be sure to make
your power supply husky; if you have trouble lifting
it, it's big enough.
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THE MOST AFFORDABLE
REPEATER
ALSO HAS THE MOST IMPRESSIVE
PERFORMANCE FEATURES

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!)

BAND KIT  WIRED

6M,2M, 220 $630 $880
440 $730 $980

(Also avallable for commer-
clal bands)

FEATURES:

¢ SENSITIVITY SECOND TO NONE; O.15uV (VHF),0.2uV (UHF) TYP.

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

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

e CLEAN, EASY TUNETRANSMITTER; UPTO20WATTSOUT(UPTO

50W WITH OPTIONAL PA).

RECEIVING CONVERTERS

HIGH QUALITY XMTR & RCVR MODULES FOR
REPEATERS, LINKS. TELEMETRY, ETC.

* R144/R220 FM RCVRS for 2M or 220 MHz. 0.15uV
sens.;8 pole xtal filter & ceramic filter in i-f, helical
resonator front end for exceptional selectivity,
>100dBat + 12kHz, best available today. Fiut-
ter-proof squelch. AFC tracks drifting xmtrs.
Xtal oven avail. Kit only $138.

* R451 FM RCVR Same but for uhf. Tuned
line front end, 0.3 uV sens. Kitonly $138.

« R76 FM RCVR for 10M, 6M, 2M, or 220. As above,
but wio AFC or hel. res. Kits only $118. Also avail w/4 pole filter, only $98/kit.

« R110 VHF AM RECEIVER kit for VHF aircraft

or ham bands or Space Shuttle. Only $98.

+ TAS51 VHF FM EXCITER for 10M, 6M,
2M, or 220 MHz. 2 Watts continuous,
up to 3W intermittent. Kit only $68

o TA451 UNF RM EXCITER 2W cont., up to 3W
intermittent. Kits only $68. Xtal oven avail.

o VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels

from 10 to 45 Watts to go with exciters & xmtg converters. Several models.

Kits from $78. ’

LOW-NOISE PREAMPS

For SSB, CW, ATV, FM, etc. Why pay big bucks for a multi
mode rig for each band? Can be linked with receive convert-
ers for transceive. 2 Watts output vhf, 1 Watt uhf.

Models to cover every practical rf & if range tolisten to SSB, . FET
FM, ATV, etc. NF = 2dBor less. Hamtronics Breaks Ga‘::,es J.Iﬁﬁ'?'iﬁ {‘,'}2 '::f
Recetver the Price Barrier! : cept designed for LOW
Output COST and SMALL
144-148 * B SIZE: only 58"W x
28-30 2% 1-5/8L x J4H. Easily
144-148 No Need to Pay $80 to $125 mounts inside many
zx for a GaAs FET Preamp. N Ew radios.
7-214
28-30
HF MODELS veus 2% FEATURES: Model LNW-(*) ..... Only $19/kit, $34wired
Kitwith Case P byt « Very Low Nose: 0.7dB VHF, 0.8dB UHF Models available to tune the following bands:
Kit with Case $49 270224 0-64 « High Gain: 13 to 20dB, Depending on Freq. 25-35 35-56, 55-90, 90~120, 120-150
Less Case $39 222224 28-30 « Wide Dynamic Range for Overload Resistance 150-200, 200270, and 400—500 MHZ '
Wired $69 902:928 422448 « Latest Dual-gate GaAsFET, Very Stable J ' . -
Specify band
UHF MODELS st 2530 MODEL TUNES RANGE PRICE
Kit with Case $59 yoweid 2% LNG-28 26-30 MHz $49 IN-LINE PREAMPS
o Case :;g pregpies 50-54 LNG-50 46-56 MHz $49
5 6% LNG-144 137-150 MHz $49
LNG-160 150-172MHz $49
SCANNER CONVERTERS Copy B0B MHzband on any scan-
ner. Wireditested ONLY $88. LNG-220 210-230 MHz $49
LNG-432 400-470 MHz $49
TRANSMIT CONVERTERS LNG-800 800-960 MHz $49 owitemas ot of iine dur-

HELICAL RESONATOR
PREAMPS

ing transmit. Use with base or mobile
transceivers up to 25W. Tower mtg hdwr incl.

MODEL TUNES RANGE KIT WIRED

¢ Send $1 for Complete Catalog

(Send $2.00 or 4 IRC s for overseas mailing)

® Order by phone or mail « Add $3 S & H per order

(Electronic answering service evenings & weekends)

* Use VISA, MASTERCARD, Check, or UPS COD.

Exciter Antenna LNS-144 120-175MHz $59 $79
For VHF, input Range  Output Low-noise preamps with NS-220 200-240MHz $59 §79
Model XV2 gt o helical resonators re- LNS-432 400-500MHz $59 $79
Kit $79 28-30 50-52 duce intermod and
Wired $149 AL e cross-band interference
50-64 220-224 in critical applications.
(Specify band) 10-146 052 12dB gain. « MO-202 FSK DATA MODULATOR. Run up to
144-146 2-30 1200 baud digital or packet radio signals
For UHF 8.3 o MODEL TUNING RANGE PRICE through any FM transmitter.
. ’ 435-43 * DE-202 FSK DATA DEMODULATOR
Model Xv4 :?2:0 ey HRA-144 143-150 MHz  $49 » COR-2 KIT With audio mixer, local speaker
Kit$79 14-148 432-436° HRA—(*) 150-174MHz $49 amplifier, tall & time-out timers.
Wired $139 . - - 4 * COR-3 KIT with “courtesy” beep”.
Adds20for 2Minput HRA-220 213-233MHz  $49 + DTMF DECODER/CONTROLLER KITS
VHE & UHF LINEAR AMPLIFIERS. Usewithabove, | | IRA— 432 420-450 MHz $64 |+ AUTOPATCH KITS. Provide repeater auto-
Py avove. 2 HRA—(*) 450-470MHz $64 patch, reverse patch, phone line remote
Power levels from 10 to 45 Watts. Several models, ‘s #C . a d control of repeater, secondary control
kits from $78. peci enter frequency desire ’ .
* CWID KITS * SIMPLEX AUTOPATCH

Phone: 716-392-9430

hamlronic , Inc.

65-E MOUL ROAD ¢ HILTON NY 14468

Hamtronics® is a ragistered trademark



KENWOOD
TS-940S

TOP-OF-THE LINE
HF TRANSCEIVER

GREAT PRICES.CALL

"KENWOOD |}
HAND-HELDS

TH-21AT/41AT
Compact. Only
24"W, 474"H,

11"D. Qutstand-

WD " ER
MA-40

40' TUBULAR TOWER

sz45 SALE! $549
MA-550) -

55' TUBULAR TOWER

s1245 SALE! $899

® Handles 10 sq. ft. at 50 mph
® Pleases neighbors with
tubular streamlined look

4 4TX-455
“} 55 FREESTANDING CRANK-UP
® Handles 18 sq. {t. a1t 50 mph ‘

“F. @ No guying required
® Exira-strength Construction

—=2. ® Can add raising and maotor

————

drive accessories A i e

IN STOCK FOR QUICK DELIVERY
OTHER MODELS AT GREAT PRICES

IC 751A

COMPACT 2-METER
ALL MODE TRANSCEIVER
SPECIAL NEW PRICE!

ing performers
in an ideal
package size.

TR-2600A

Deserves its well-earned
reputation as the leading HT

CALL FOR PRICE

LINEAR AMPLIFIER
® Autc Band Switching
® Broadbanded
® HF 500 Watt Linear

AT GREAT LOW, LOWPRICES

51" CRANK-UP 9 SQ. FT.
WINDLOADING

$899

Limited Quantities Available

‘\’ ELH-230D

2 METER ‘
3 IN/30 QUT

WE SHIP DIRECT TO YOU
FROM ANY ONE OF OUR
NATIONWIDE QUTLETS.

HANDHELD
FT 209RH

5 WATT 2M/HT

CALL FOR
PRICE

1C-27 A (25w 2mrm)
IC-27TH sswamrm
IC-STA (25W 220MHz FM)
1C-47 A 25w 70cm #m)

All Major. Brand's iniStock Now:!'
CALL TOLL FREE (800) 854-6046

Toll tree including Alaska & Hawali. Phone Hrs: 7:00 a.m. to 5:30 p.m. Pacilic Time California and Arizona customers call or visit neares!
storg. California and Arizona residents please add sales tax. Prices. specifications, descriptions subject to change without nalice.
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LARGEST HAM OUTLET IN THE WORLD

STORE BUYING POWER

E3[ICOM IC-FI71A ICOM €3 1ICOM

IC-3200A IC-1271A
DUAL

Covers £

. Both
Superior Grade General 2 Meters

Coverage Receiver & 70 cm

SALE!CALLFORPRICE | LATEST EDITION

ICOM % NOW! RAPID DELIVERIES
IC-28A/28H FROM OUR OUTLETS ICOM

HAND-HELDS
VHF/UHF

1 1., |,
IC-04AT

IC-2AT IC-3AT
IC-4AT

1.2 GHz Transceiver:
The First Full-featured
1240-1300 MHz Transceiver

AT GREATLOW,LOW PRICES

2-METER MOBILES
IC-28A (25w) |1C-28H (45w)

SPECIAL NEW PRICE!

- ICOM |c-735

WE SHIPDIRECTTO YOU

The Latest in ICOM's Long

Line of HF Transceivers 25 MHz-1300 MHz FROM ANY ONE OF OUR

e e IN STOCK FOR
CALLFORLOW LOW PRI‘LF 'MMED‘ATE DEL’VERY

All Major Brands in Stock Now'

NATIONWIDE OUTLETS.

ANAHEIM, CA 92801 BURLINGAME. CA 94010 FH[IFIll AZ B5015 VAN NUYS. CA 91401
2620 W La Palma 999 Howard Ave 1702 W Camelback Rd 6265 Sepulveda Blvd
i (714) 761-3033, (213) B60-2040  (415) 342-5757 b(]'JI 242-3515 (818) 988-2212
& Belween Disneyland & George. Mgr WBEDSY fob, K7ADH Al Mgt KEYRA
Knotts Berry Farm 5 miles south on 101 lrom SFO  Eas!t of Hwy 1 San Diego Fwy
Bob Ferrero W6RJ 1 ayrp ga 30340 QQU))  0AKLAND. CA 04606 SAN DIEGO. CA 92123 at Victory Biva
gi RF"I.IM:.H‘NGHJ 6071 Butord Hwy 2210 Livingston 51 5375 ";}6'2 ; Villa Rd STORE HOURS
m Hatlerty (404) 263-0700 (415) 534-5757 1619) i}
VP So. Calif Div Neil. Mgr KCAM. Joe, M};]r K505 Glenn. Mgr KENA 10 AM-5:30 PM
Anahaim Mgr Daraville, 1mi north of 1-285 17N-51h Ave (1751610 Hwy 163 & Claremc mtMesafiivde CLOSED SUNDAYS

CALL TOLL FREE (800) 854-6046

Toll free including Alaska & Hawaii. Phone Hrs: 7:00 a.m. to 5:30 p.m. Pacific Time. California and Arizona customers call or visit nearest hb‘m
store. California and Arizona residents please add sales tax. Prices. specifications, descriptions subject to change without notice. [ |

More Details? CHECK — OFF Page 110 v 1T July 1986 R 57



SATELLITE
DECODER MANUAL

Reveals How Signals are De-Cy-Phared

e Three different types used

e detailed/schematics

e digital audio processers

e error correction & filtering
100 pages bound . . . $24.95.

SEND 45 FOR INFORMATION CATALOG
Pilgrim Video Products

P. O. Box 3325 H
Plymouth Ctr.,, MA 02361

» 168

Save Time-Money with HAZER

o Never climb your lower again with this alevator
system

e Antenna and rotator mount on HAZER, complete
system trams tower in verticle upnght position

e Sately lock system on HAZER operates while
raising-lowering & normal position. Never can fall

* Weight transterred directly to tower. Winch cable
used only for raising & lowering Easy to install and
use

& Will suppon most anlenna arrays

* High quality maternals & workmanship

* Safety - speed - convenignce - smoolh
travel - iInexpeénsive

» Complete kit includes winch, 100 ft. of

Portable radios can be a And because it is inherently gable: haichraendlsivotone Toriens IRy
trade-off. In return for mobility resonant, the KD14-HW can Hazer 2-Heavy duty alum_ 125q 1 16ad$29T.00ppd. | /&
you get loss of performance. also be easily remoted with a Huze 2 Smnde . B o e [

Well now you can cut your length of coax. Ballthrust bearing T8-25 for any of above 250794 £ ¢
losses significantly. All you The KD14's flexible, easy- it e i S {-1
need is the new Larsen UHF to-get-along-with radiating A il 1 it &)
KuLDUCKIE® KD14-HW element measures a scant 12 HAZER system, o1 & truly sell-supporting siesi | X
half-wave antenna® It’s a inches. At the base is a 3% 5 -

. . N GLEN MARTIN ENGINEERING INC
inch impedance transformer P.O. Box H 253 Boonville, Mo. 65233

that gives added strength. 816-882-2734
Ihe KD 14 half-wave series
is also available in a collapsa- —

mouthful but it'll do your ears
a lot of good.

Because it's half-wave, the
KD14-HW is fully resonant

v g sl pllbaga —————— @)
despite the poor ground ble 2-meter version. PACKET RADIO =]
plane portables are faced Cut your losses and for the (=518
with. Under ideal ground improve your gain when Apple Macintosh

you operate with the new _
Larsen UHF KuLDUCKIE® B Ay it 4 T
KD14-HW, with no-nonsense + Ful Macwionhs Dset Intertan
warranty. You can see it at o
your favorite amateur dealer. o
i

plane conditions, it delivers
performance equal to a full
quarter-wave. And that’s a
powerful improvement over
most portable antennas!

*For units with BNC output.

o~ <

rsen FAintennas

The Amateur’s Professional

See your favorite amateur dealer or write for a free amateur catalog. 3155 Resin Street v 170

NETINE 501h Ave /F Y9 Vancouvier WA SBEGE / 206-5 Marietta, GA 30066
ANADA Canadian Larsen Electromes, Lid /149 West 6ih Ave /Vancouver B C V&Y 1K3/ 604 B72-8517 G § ke Sl
hY | i I

Brincomm Technology

EN* KULROD® AND KL DUCKIE® ARE REGISTERED TRADEMARK IF LARSEN ELECTRONICS. INC
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Inexpensive IC
makes front end
“‘uncrunchable”

a broadband amplifier-attenuator

The step attenuator is an important RF building
block. On the workbench it can be used for testing
the performance of amplifiers, mixers, or entire receiv-
er systems; they’'re particularly useful for intermodu-
lation tests. In test equipment they’'re useful for level
references in spectrum analyzers and other instru-
ments requiring wide dynamic range RF level meas-
urements.

It's unfortunate, however, that step attenuators
aren’t often used in Amateur Radio receiver front ends.
Anyone who's ever operated contests with a iow dy-
namic range receiver knows the disastrous conse-
quences of receiver overload and intermodulation
interference; it's usually the third-order intermod prod-
ucts that cause problems in receivers.'?

The equations that define the third-order product
levels indicate that if you reduce the input signal lev-
els by 1 dB, the third-order products will decrease by
3 dB. Thus if you ““switch in”’ 5 dB of attenuation at
the front end, the intermod products will go down 15
dB. With multiple strong signals coming through the
receiver bandpass, the step attenuator can indeed be
a useful feature; under contest conditions, for exam-
ple, there’s no need for an expensive receiver to be-
come less useful than it might be when the addition
of a few resistors and switches could have been used
to eliminate the problem (fig. 1).

Another problem arises during low signal level con-
ditions, particularly at higher frequencies. Since the
signal-to-noise ratio and ‘noise figure” of the receiv-
er are largely determined by the front end, using a low-
noise amplifier will improve ultimate sensitivity. The
typical HF receiver front end consists of a tuned am-
plifier complemented with some type of gain-control
circuitry. This gain control can be automatic (AGC)
or manual (RF). Front-end design is complicated by
the tuned circuits necessary for image rejection if a
low IF is chosen { <20 MHz). However, the trend in

modern Amateur Radio receiver design is to first “‘up-
convert’’ to a relatively high IF {typicaily 45 MHz). This
technique places the image well up into the VHF spec-
trum and eases the front-end filtering requirements.

broadband constant gain and
impedance

Some type of bandpass and impedance matching
circuit is still required as an interface between the an-
tenna and the usual discrete amplifier device. Unfor-
tunately the input and output impedances of the
familiar bipolar and FET devices do not match the
universal 50-ohm standards.

The front-end amplifier problem can be greatly
reduced by designing with a new broadband amplifi-
er, the Signetics NE5025 (fig. 2). Priced at about
$1.50, the 5205 is a 20-dB gain block using a multiple
feedback scheme that normalizes the input impedance
over a very wide range. Both gain and impedance
show only slight variation from DC to 650 MHz! The
input impedance of the amplifier is simply “‘imaged’’
by the output termination; that is, if you terminate the
output in 50 ohms, the input impedance will also be
50 ohms. This particular characteristic, in monolithic
form, should be of interest to RF experimenters.

The 5025 also works in systems of 75 ohms and
higher impedance. JFET double-balanced mixers {for
example, the Siliconix U350} and the new ultra-high
performance DMOS quad rings (such as the Siliconix
$Si8901) have a relatively low but constant input im-
pedance, typically 12 ohms. Thus the 5205 can feed
an 8901 through a 4:1 broadband balun for broadband
front-end operation up to a few hundred MHz. This
example completes a high-performance radio front-
end concept free of resonant tuned circuits.

By Robert J. Zavrel, Jr., W7SX, 707 Borello,
Mountain View, California 94041
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CONTINUOUS COVERAGE
FOLDED DIPOLE ANTENNA

MODEL AC 3.5 - 30

(formerly Model 370-15)

e Fully Assembled e 52 OHM e Only 90 feet long

e SWR less than 2:1 from 3.5 thru 30 MHz. Average SWR 1.4:1

e Wil handle 1 KW power (2 KW PEP)

e Can be installed as flat top, sloper, or iInverted "V’

e Used the world over in government & commercial communication
installations

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

from 3.5 - 30 MHz
price °167°°

PATENTED ALUS 5300 Shipping and Handiing

ALL OUR PRODUCTS MADE IN USA

Quality Communication Products Since 1932
At your Distributors. Write or call.

Eg ;:sa;‘n}lmiﬂd PA 19007 m

Measure Up With Coaxial Dynamics Model

83000A RF Peak Reading Wattmeter

Take a PEAK with Coaxial Dynamics "NEW" Model 83000A, designed
to measure both FWD/RFL powerin CW
and FM systems simply and quickly.
Then with a “FLIP" of a switch,
measure "PEAK POWER" in most
AM, SSB or pulse systems. Our
Model 83000A features a complete se-
lection of plug-in-elements plus a2
year warranty. This makes the
Model 83000A an investment worth
looking at. So go ahead, take a
"PEAK", you'll like “WATT" you see!
Contact us for your nearest autho-
rized Coaxial Dynamics representa-
tive or distributor in our world-wide
sales network.

COAXIAL
DYNAMICS,
INC.

15210 Industrial Parkway

Cleveland, Ohio 44135 ) ,_-;.J
216-267-2233 : y
1-800-COAXIAL 4
Telex 98-0630 .
Service and Dependability. .. a Part of Every Product —_—
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WARC for FT-101/901

WELCOME TO 12 METERS!

Add all three WARC Bands to your FT-101

* Increases Resale Value of your Rig.

* Installs easily; detailed instructions

* Includes all crystals. relays, wire, elc

= Tested, fool-proof design for all but 'ZD
FT-101 3-band WARC Kit..................... $25
FT-901 30M Only WARC Kit.................$10

Shupping 55 (US & Canada), $12 Elsewhere
Order by mail or phong  VISA/MC or COD Accepted

GO FOX TANGO - TO BE SURE!

Ask About our Fine Filters Tor Many Other Rigs

FOX TANGO CORPORATION
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+20d8
54 +6V TO 9v
50 OHM
ouTPUT
-548 -1008 ~2048 NES205 v
50 OMM S s2 53
INPUT o0 o0 o—o g
1 S o I gl ’
R R7
Rr2 R3 R8 R9
C1,C2 .005.F miniature ceramic
R 30.4 ohms
R2,R3 178.6 ohms
R4 71.2 ohms (use nearest 1% metal film values)
RS5,A6 86.2 ohms
R7 247.5 ohms
R8,RS 61.0 ohms
$1-S4 C&K 7201 DPDT PC board mount
fig. 1. 35-db step attenuator and gain stage improve intermod performance.
Table 1. Pi-network resistive attenuator (50 ohms).
D PACKAGE
dB Atten R1 (ohms) R2 {ohms)
1 870.0 5.8
2 436.0 1.6
3 292.0 17.6 vee [T - +] Ve
4 221.0 23.8
5 178.6 30.4 v [2] 20d 7] Vour
6 150.5 37.3
7 130.7 44.8 aND | 3 s | ano
8 116.0 52.8
9 105.0 61.6 GND | ¢ 5 j ano
10 96.2 7.2
1 89.2 81.6
TOP VIEW
12 835 93.2 Order Number
13 78.8 106.0 NES205D
14 74.9 120.3
15 71.6 136.1 NOTE: Signetics .'.'l designates Pin 1.
16 68.8 153.8
17 66.4 173.4 EC PACKAGE
18 64.4 195.4
19 62.6 220.0
20 61.0 247.5
21 59.7 278.2
22 58.6 312.7
23 57.6 351.9
24 56.7 394.6
25 56.0 443.1
30 53.2 789.7
35 51.8 1405.4
40 51.0 2500.0
45 50.5 4446.0 TOP VIEW
50 50.3 7905.6 Order Number
55 50.2 14,068.0 NES205EC
60 50.1 25,000.0

NOTE: Tab denotes Pin 1.

fig. 2. Pin configuration of Signetics NE5205.
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>
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L]
$
$Re
Req
Absolute Maximum Ratings
Parameter Rating Units
Supply Voitage 9
AC Input Voitage 5 vV-PP
Qs Operating Temperature
— SO package air-mount -55t0 +85 °C
- DTO pa;kaga air-mount ~551t0 +125 °c
erate SO package above 6V)
Rez (i Ppackag )
AAA
LA Ad
b
—
-

fig. 3. Equivalent internal schematic for NE5205.

ATTENUATOR ~ }———— — 0.

NES205

ouTPUT

fig. 4. Use of multi-wafer ceramic miniature switch for NE5205 in/out switch.

Some filtering is still required, however. The use of
upconversion techniques allows installation of a sim-
ple multi-pole 35- or 40-MHz low-pass filter ahead of
the attenuator for image rejection. Inclusion of a
broadcast band high-pass filter is also desirable for
strong AM signal rejection.

overcoming circuit constraints

The circuit shown in fig. 1 allows both attenuation
and amplification. Although using mini-toggle
switches limits the frequency response to about 350
MHz, they are easy to mount, inexpensive, and rug-
ged. This circuit is practical for the 160- through
2-meter bands.
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A few precautions are necessary when using the
5205. It's usually easy to use if good RF techniques
{i.e., providing adequate grounding and keeping the
leads as short as possible} are employed. Care must
be taken, however, when switching both the input and
output circuits with a common switch assembly. The
switch forms a capacitor between the input and out-
put,; while the switch leads and circuit board etching
form a strip inductance. The resulting series LC cir-
cuit in the feedback loop will cause the amplifier to
oscillate at a VHF or UHF frequency. The circuit
shown oscillates at about 600 MHz, but the level is
well below saturation, and the spectrum is very clean
below 400 MHz. All oscillations can be eliminated by




THE STANDARDS OF EXCELLENCE

SUPERIOR WEAK SIGNAL PERFORMANCE
'COMMERCIAL MODEM

QQMPARE with ANY unit at ANY Price

oW AV Hlable Witk

J' & A T
\ _.u Sl A

THE WORLD OF VHF/HF PACKET",
CW, RTTY, ASCIl AND NEW DUAL
AMTOR** IS AS CLOSE AS YOUR
FINGERTIPS WITH THE BRILLIANTLY
INNOVATIVE STATE-OF-THE-ART
MICRO-COMPUTER CONTROLLED

EXL-5000E. SPECIAL SALE SHOWN WITH OPTIONAL KANTRONICS KPC2

sess = A.ND ‘MrJ 1270 TNC.Q

"o Pisckat Rariio — $TISA04Y Everything built in — nothing else to buy!
« AUTOMATIC SEND/RECEIVE—ANY SPEED ANY SHIFT = BUILT IN COMPUTER GRADE 5° MONITOR = EXTERNAL MONITOR  JACK = TIME CLOCKON
SCREEN * TIMED TRANSMISSION AND RECEIVING * SELCAL * CRYSTAL CONTROLLED AFSK MODULATOR * PHOTOCOUPLER CW, FSKKEYER = ASCII
KEY ARRANGEMENT = 15 CHANNEL BATTERY BACK-UP MEMORY = 1,280 CHARACTER DISPLAY MEMORY * SPLIT SCREEN TYPE-AHEAD BUFFER »
FUNCTION SCREEN DISPLAY = PARALLEL PRINTER INTERFACE * SPEEDS: CW 5-100 WPM (AUTOTRACK), 12-300 BAUD (ASCII AND BAUDOT); 12-600
BAUD TTL: 100 BAUD ARQ/FEC AMTOR = ATC = RUB-OUT FUNCTION * AUTOMATIC CR/LF * WORD MODE = LINE MODE = WORD WRAP AROUND
» ECHO » TEXT CURSOR CONTROL * USOS * DIDDLE « TEST MESSAGES (RY AND OBF) = MARK AND BREAK (SPACE AND BREAK) SYSTEM * VARIABLE
CW WEIGHTS = AUDIO MONITOR CRICUIT BUILT IN = CW PRACTICE FUNCTION = CW RANDOM GENERATOR « BARGRAPH LED METER FOR TUNING =
0SCILLOSCOPE OUTPUTS = BUILT IN 100-120 / 220-240 VAC 50/60HZ AND 13.8VDC POWER SUPPLIES * AND MUCH, MUCH MORE = SIZE: 14W x 14D x
5H = 1 YEAR LIMITED WARRANTY

|’r

©-777 THE MOST ADVANCED COMPUTER INTERFACE
EVER DESIGNED FOR COMMERCIAL AND AMATEUR USE.

R RTTY.BIT INVERSION (RTTY), ASCII, AMTOR (MODE A (ARQ). MODE B (FEC AND
0l SEL-FEC). MODE L), CW, ANY SPEED ANY SHIFT (ASCII AND BAUDOT)*

-m‘tnnecnmun:mmmmmammmwmmmmm—mwm

« 28 BAR-LED'S and LED'S plus a Bar-Graph Tuning Indicator indicate function, mode, and status — COMPARE!
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Table 2. T-network resistive attenuator (50 ohms).
dB Atten R1 (ohms) R2 {ohms]}
1 2.9 433.3
2 5.7 215.2
3 8.5 141.9
4 113 104.8
5 14.0 82.2
6 16.6 66.9
7 19.0 55.8
8 21.5 47.3
9 23.8 40.6
10 26.0 35.0
1" 28.0 30.6
12 30.0 26.8
13 31.7 235
14 333 20.8
15 35.0 18.4
16 36.3 16.2
17 37.6 14.4
18 38.8 12.8
19 40.0 11.4
20 41.0 10.0
21 41.8 9.0
22 42.6 8.0
23 43.4 71
24 44.0 6.3
25 44.7 5.6
30 47.0 3.2
35 48.2 1.8
40 49.0 1.0
45 49.4 0.56
50 49.7 0.32
55 49.8 0.18
60 49.9 0.10
"2

using a miniature ceramic rotary switch configured as
fig. 4. The goal is to raise the feedback resonant fre-
quency above the gain cut-off point of the 5205. This
is accomplished by reducing switch capacitance and
lead inductances. The 5205 can also be left ““on’" at
all times, thus eliminating the oscillation problem.

construction techniques

The test unit was built on a 1 x 3-inch PC board with
double-sided ground planes. The PC board can be
mounted in a die-cast minibox that also holds the in-
put and output sockets (BNC, N, or UHF) and the
mini-toggle switches. The 5205 is available in standard
N, surface mount, and TO-46 packages. If the TO-46
is used, the package should be mounted in a snug hole
and the case soldered to the ground plane. Miniature
ceramic input and output capacitors should be sol-
dered directly to the 5205 leads. Good UHF design
techniques must be employed even if the unit is used
only at HF.
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'W6SAI BOOKS )

good intermod performance

Attenuation in 5-dB steps was chosen. Thisis some-
what arbitrary; other steps can be selected. Tables 1and
2 are included for convenience.? This circuit, shown in
fig. 1, allows gains of —35 to +20 dB in 5-dB steps,
which should be adequate for any HF receiver require-
ments. The attenuators should precede the ampilifier to
maximize amplifier linearity.

The noise figure of the 5205 is less than 6 dB at 100
MHz for 50-ohm systems, dropping to 4.8 dB at 75
ohms. The third-order output intercept point is + 17
dBm. This indicates that it will take two signals 33 dB
above S9 to produce a third-order product at an S1
level.® With only 5 dB of attenuation inserted, two sig-
nals must be 48 dB above S9 to produce an S1 level
third-order intermod. This is indeed a strong front end!

summary

This simple project can greatly enhance the utility
of a step attenuator on the test bench. In a receiver
front end the NE5205 can eliminate bandpass filters
while exceeding the intermodulation characteristics of
many common mixers. Finally, when combined with
a very strong mixer (such as the Si8901) an entire
broadband, high-performance receiver system be-
comes possible.

references

1. Krauss et al, Solid State Radio Enginering, John Wiley and Sons, 1980.
2. Wes Hayward, W7ZOlI, Introduction to Radio Frequency Design, Prentice-
Hall, 1982.
3. 1986 ARAL Handbook, American Radio Relay League, 1986, Chapter 25.
4. Robert J. Zavrel, Jr., W7SX, "’ A Calibrated S-Meter”’, ham radio, January,
1986, page 23.
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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.
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SIMPLE LOW-COST WIRE ANTENNAS

Primer on how-to-build simple low cost wire antennas. Includes invisible
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pages. 1972 2nd edition

{ IRP-WA Safthound $7.95

ALL ABOUT CUBICAL QUAD ANTENNAS
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Learn Radio

Morse Code
on your IBM PC, PC JR.,
PC-XT, PC-AT, or IBM compatible

with
CODE TUTOR

« Learn the letters, numbers, and punctua-
tion marks

o Practice receiving code at any speed from
110 40 words per minute (like having your
own code machine)

¢ |ncludes 10 user-alterable messages, help
screen, and function menu

$9.95 Postpaid
ARCHWAY DATA SYSTEMS

13 Timber Road

Edison, NJ0gg20 ~ '

The Electronic Orphanage

427-3 Amherst Street, Suite 174
Nashua, NH 03063 £S2032
Phone: (603) 832-8740 - 88S: (603) 882-9312 &/NH

Our orphans include:

Weller TC202 or Ungar 9200 soldering stations,
refurbished, 30 day guarantee $25.00.

Lisa 2 systems, include 512K memory, keyboard,
mouse, 2-serial ports, 1-parallel port. New $1200, Demo
$1100, Used $1000.

MAC XL (same accessories as Lisa 2 plus 10 Mb hard
disk). New $2600, Demo $2500, Used $2400.
Accessories for above systems:

512K memory card $350 NEW

5 Mb PROFILE disk $450 USED

10 Mb PROFILE disk $999 USED, $1200 NEW
Parallel interface $160 NEW

Lisa 7/7 V3.1 $350 NEW

FACIT plotters - seral port, parallel port, HPGL, 90 day
factory warranty, slightly used.

Call for Model and Price

FACIT Letter quality daisy wheel printers, serial inter-
face, DIABLO emulation, 40 CPS, 90 day warranty,

slightly used,

b CALL FOR MODEL AND PRICE
Call our bulletin board for details and other small quantity
specials.

We accept Mastercard and Visa. CODs welcome. Personal checics
delay your order 30 days OR until you leave a message with us leav-
ing the code number we put on the back of your check.

v 162

Electronic Repair Center
Servicing
Amateur Commercial Radio

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

SEND US YOUR PROBLEMS

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

4033 Brownsville Road
e Trevose, Pa. 19047

215-357-1400

o
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TIRED OF THE
TAIL WAGGIN’

GO TEN-TEC
ULTIMATE

TEN-TEC's ULTIMATE high frequency mobile antenna compli- [
ments today’s smaller cars with a sleek high performance design g
measuring less than 612 feet and weighing a bare 12 ounces. You'll £
never have to fold the ULTIMATE antenna . . . or guy it with fishing B3
line to keep it vertical and resonant at highway speeds. There’s less |
mass to resist the wind, yet the ULTIMATE is ruggedly built, easy %
to install, and packs a no compromise punch so necessary in mobile
operations. =

The ULTIMATE features a longer coil housed in a durable fiber- ﬁ\“
glass shaft. Air is forced from the coil housing and replaced with \“‘S
helium, a stable gas that mixes with no other elements so it helps \Q
eliminate corrosion. ,

A telescoping stainless steel whip helps facilitate tuning. The mount- E\
ing ferrule is chrome-plated brass and fits standard 3/8” x 24 mounts, (2

Seven “‘easy-on-easy-off’’ antennas cover 10 through 80 meters. Q
Switchable Mobile Matcher available for all bands. 8

See your dealer or write

'“';“" TEN-TEC,nc.

SEVIERVILLE, TENNESSEE 37862

BELDEN 9913/9914 CABLE
“N’> Connectors $3.50 Crimp or Solder Type

FOXINTERNATIONAL,INC.

717 W. UNION HILLS DR. #3-190
PHOENIX, AZ 85027
(602) 971-2755

“We Specialize In Custom Connectors” 163
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a summer miscellany

Summer’s here! Even though the
sunspot cycle doesn’t promise much
DX, these are the months for antenna
work. Here are some interesting de-
signs you may want to try.

7-MHz2z sloping antenna

Many Amateurs have had success
with the delta loop on the lower fre-
quency bands. I've had queries about
the effect of mounting the loop at an
angle in order to conserve pole height.
Does tilting the plane of the loop im-
pede its fine DX record? | didn’t know
the answer to this question, but Kjell,
SM6ECTO, decided to try out the slop-
ing loop shown in fig. 1. He found out
that it worked very well; while he
couldn’t make a direct comparison
with a vertical loop, he found it to be
“a useful DX performer.” (The anten-
na was described in the September,
1985, issue of Radio Communication,
a publication of the Radio Society of
Great Britain.)*

broadband 80-meter dipole

There's been a lot of sound and fury
about the so-called broadband dipole
for the 80-meter band (3.5 to 4.0
MHz). Many designs have been pub-
lished and some of them work. One
design that does wark was recently
described by Malcolm Johnson,
VK6LC, in the November, 1985, issue
of Amateur Radio, published by the
Wireless Institute of Australia.* The
layout is shown in fig. 2.

In brief, it's a cage dipole about 102
feet long, fed by a matching trans-
former and a 1-to-1 balun. The SWR
on a 50-ohm transmission line across
the 3.5- 10 3.8- MHz range is less than

*Walter Schulz, K30QF, “‘Designing A Vertical Anten-
na,” QST, September, 1978, page 19.
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INSULATOR (TYP}

(16m)

RG-11/U

25'(7.02ml—\

fig. 1. 7-MHz sloping deita loop at SM6CTO.

47.5'(14.5m) EACH SIDE

6.5'(2m}
ABOVE GROUND

RG-8/U
RANDOM LENGTH

1.8-to-1, with a minimum SWR of
1.3-to-1 at the design frequency of
3.66 MHz. It's ideally suited for use
with a solid-state transmitter. Less
than half a wavelength long, the five-
wire cage exhibits a capacitive reac-
tance at the feedpoint that's trans-
formed by the parallel line transformer
to become slightly inductive. A shunt
capacitor at the feedpoint parallel-
resonates with the inductive reactance
to aid in improving antenna bandwidth
response.

The dipole is erected in inverted-V
fashion, with the center apex at 36 feet
above ground.

Malcolm used a four-way splice con-
nector called a ‘“Queblock’ to make

his insulated spreaders. In any event,
it seems that a little ingenuity will pro-
duce a spreader that will do the job.
Six spreaders are required.

The two-wire transformer is about
0.08 wavelength long (20.7 feet) and
has an impedance of 300 ohms.
VK6LC used a home-made line, but |
think that 300-ohm ribbon line could be
used for low-power operation, provid-
ed the velocity facor of the line is tak-
en into account. The shunt capacitor
can be a high-voltage disc unit or mica
capacitor of 1 kV or better, for pow-
ers up to several hundred watts.

In order to obtain an accurate SWR
profile of the antenna, VK6LC used a
half-wave long transmission line.
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INSULATOR \

//NSULAYON (TYP)

(15.54m)

1.64' | 164 23.03'

23.03' 164" 2"

0.5m) ' (G.5m) (7m)

T

SPREADER 15"
& REQD (38cm)

|

(7m) 0.5m) (Scm) 20.7°(6.3m)

Cr'b 1/ BALUN

C:500pF, 6kv

50 ORM
CoAx

fig. 2. The 80-meter cape diode at VK6LC. A 500pF capacitor is placed across at the balun.

- 300 OHM OPEN WIRE LINE

- SOUTH

500"

RYI (NC)

—_

RY2 (NC)

———o

500"
(152.5m)

(152.5m)

9:7

75 OHM COAX

Power to relays runs through coax line.

NORTH ————»

9:/ 94

75 ORM COAX

A 5

fig. 3. Variable length Beverage antenna at WB3GCG. Relay selection at operating position permits choice of 500, 1000 or 2000 foot wire.

j 75 OHM COAX

75 OHM COAX

-

The center resonant frequency of
the antenna can be easily changed by
adding or subtracting 5 inches of the
300-ohm line for each 20 kHz of
desired frequency change.

Results? Plenty of DX worked, in-
cluding such juicy exampies as
A71AD, ONSYA, YU4EBL, H4IA,
WABSLO, HAS5XW and others — all
with 100 watts! That's not bad for any
antenna on the QRM-filled 80-meter
band!

all you need is . . .

. . a bunch of 200-foot towers! |
just received a letter from Willy,
WB3GCG, who has changed occupa-
tions and moved to a new QTH. He's
had some big 160-meter antennas in
the past and is looking forward to great

DX days ahead. On 20 acres of land,
he's erecting three 200-foot high steel
towers arranged in a triangle, approx-
imately 500 feet apart. The towers will
support the ends of several Beverage
antennas, each 2000 feet long. Relays
will be placed along the Beverage
wires so the wire can be either 500,
1000, or 2000 feet long. When he's fin-
ished, Willy will have eight Beverage
antennas. The feed system for the an-
tennas is as shown in fig. 3. Each wire
section is terminated in a 9-to-1 trans-
former. Coax lines run to the operat-
ing position; the wire lengths and
terminating resistors are selected
through a control box.

But that isn’t all. Willy uses separate
antennas for transmitting and receiv-
ing. For transmitting, he favors a

large vertically polarized loop {fig. 4}.
Similar loops are used as directors and
reflectors. He can switch to horizon-
tal polarization by means of a vacuum
relay located at the apex of the loop.

A large number of loops are strung
on catenary cables between the tow-
ers. Willy aims to have three separate
160-meter delta loop beams, each con-
sisting of back-to-back four-element
parasitic arrays with a common driv-
en element (see fig. 5), strung be-
tween the towers! With the use of
multiple feedlines and vacuum relays,
each delta beam can be quickly
reversed in direction. It takes a total of
seven loops and 3500 feet of No.14
four-strand, vinyl-covered wire for one
beam!

In closing, Willy remarks that the
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ALL ARE 1.56" SPACING.

AfB switch. Channel

AND VIDEO MODULATOR
FOR T.I.

T1 # UM1381-1. Designed for use with T.i. com-
puters. Can be used with video sources. Built-in

COMPUTER

3 or 4 selection switch.

Operate on 12 vdc. Hook-up diagram included.

@
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SLIM LINE
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phenolic project box with cover and
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905 S Vermont Ave
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Desged to provide a steady +§
supply of 3.5 10 6.25 volts.

240 ma. from a battery

216" X V16X 173"
$1.50 each
MAIL ORDERS TO:

pP.Q. BOX 20406

Los Angeles, CA 30006

TWX -

2amp constant, 4 amp surge $20.00 each [ AAA SIZE | 25V 500mAH $1.85
AA SIZE 1.25V 500mAH $1 85
3 amp constant, § amp surge $27,50 each AA with solder tab
€ SIZE 1.2V [20umAH 53 50
SUB-C SIZE solder tab $3.50
TWIST-LOCK DSIZE 1.2V 1200mAH $3.50
CONNECTOR UNIVERSAL L CHARG

= {l

Bame as Switchcraft #12CLSM.
5 conductor in-line plug and chassis
mount jack. Twist-lock style.

$2.50/SET

5101010163 ALL ELECTRONIC
EASYLINK MBX - 62887748

ER
S
will charge 4-AA, C, D, or AAA

ni-cads or one 9 volt ni-cad at
one time. ..

e i SPECILPRICE 812 soanch | $1250 exch 10 o 5110.00
22 EDGE CONNECTOR $1.25 ea
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22/43 EDGE CONNECTOR 1 AMP 50 VOLT DIODES | Micro-cassette 1ape transpovt for CAPACITORS . === =3

$2.00 88 PC. style 10for$18.00k |N4001 TAPE AND REEL standard M MC45 170 mf 330v Three sizes | vwo WIRE
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solderlug styte  $2.50 each J 1000 for $30.00 Conttams: qnvﬁ motor, belt, head, CAT# PPC-170 6'18/25PT-1flat  ator $1.00
26/56 EDGE CONNECTOR SOLDER TAIL 1. o onenfa "5 pineel and other 400 of 330v 6 18/2SPT-2Mat 2 or$1.00
$2.50 ea PC. style 10 for $22.00 SOCKETS CAT# MCMEC ~ $3.00 each 10 for $27.50 cl 70;’ :;;; 00 6'16/2SJTround $1.25 each
. éegzl EDGE cor:;e;mnh 24 PiN 10 for $2.50 ~ 500 mf 3:;0 THREE WIRE
"C. style .00 eac 100 f i D m v
43/86 EDGE CONNECTOR 1000 for $260.00 COMPUTER 3 RELAYS 1.35 ea. 618/3flat  $1.50 each
PC. style $4.50 oach GRADE [[{ 10AMP SOLID STATE |cAT# PPC-800 818/3round  $2.00 each
CAPACITORS Il JcontroL, 3- 32 vac f%—:—‘g
3 4 1 ”

TRANSISTORS «SPECIAL PRICEx 3,000 mid. 200 Vdc LOAD: 140 vac 10 amp ey @t 3% SPEAKER 7 CONDUCTOR
2N708 41or$1.00 TRANSISTOR 134" x 5" high s200 [SIZE2WMw TR ] o ance RIBBON CABLE
2N2222A 3 tor $1.00 6,400 mid. 60 Vdc = Fult . o T
;xgggfﬁ\ 4tor 1.38 plastic transistor 1.3/8" x 3 3/4" high $2.50 $9.50 EACH 10 FOR $90.00 s;e;:re‘?e
2N2904 g:g: $1.00 PN3569 TO-92 N.P.N 9,760 mtd. 50 Vdc ULTRA-MINIATURE 80z magnet
2N2905 3 for $1.00 13/8"x41/2 high  $3.00 & diaganal
MJ2955 $1'50 100 for $8.00 31,000 mld. 15 Vde 5 VDC RELAY mounting centers.
2N3045 $1.00 1000 for $60.00 134" x 4" high $250 Fujitsu # $2.50 0ach 10for $20.00

MD 10K40 $1.00 LARGE QUANTITIES FBR21INEDOOSM20 )

PlP 12 K4 oe AVAILABLE 50,000 mfd. 40 Vdc High sensitivity Spectra-strip red marker strip,
mia 454 3'x53/4" hich $4.50 Ol 120 onins SPRING LEVER | 28¢a standedwie
60,000 mid. 40 vac Vounts.n 14 B IP socket TERMINALS =
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: °
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3" x 5 1/4” hig 535 Aromat #RSD-6V ‘:@ plate. tube designed for use in
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>C. style ugs older lus
TRANSFORMRS TI SWITCHING POWER SUPPLY . <y APDT RELAY non-threaded g4} E,Teﬁg%d tsezrrgtonalsgh
all plug directly Compact. well-regulated switching power supply 14 pin KH style 75¢ u-gh i $1 SN; .g.ch b 10 for :1.: 00
into 120 vac designed to powar Texas Instruments computer 3 amp contacts... 10 for $7.00 10 tor $9.00 100 for $180.00 4
outlet aquipment, «SPECIAL \‘(/“) 4 USED but fully 100 for $80.00
R INPUT. 14-25vac @1 amp* PRICE ¥ tseswl: I each ‘d
3 * Cl H
s OUTPUT: :1@ \\:’gi :1!.520:;1 ghect 5:‘3"1;%?‘ %‘3’?0"9 STANDARD JUMBO D.PS.T. LIGHTED
~ 5vdc @ 200 ma $3.50 LARGE QUANTITIES AVAILABLE | DIFFUSED T 1-3/4 ROCKER SWITCH
4VDC @ 70 ma. $2.00 SIZE: 4%" x 44" x 1" high each SOCKETS FOR KH RELAY RED 10 for $1.50 115 vac lighted rocker. i
g 3?)%%5705%%: ssangg ¢ each 100 for $13.00 §nap1v?ou'r‘ns in
- 78" Ya" hole.
9 VDC § 500 ma. $5.00 GREEN _ 10for$2.00
S @aeina 8300 13.8 VDC REGULATED POWER SUPPLY | RECH ARGEABLE 1001er :121:: Orange iens. 16 amp
¢ an
85 VA(é @ 1.28 VA $3.50 These are solid state, fully regulated 13.8 vdc NI-CAD BATTERIES YELLOW 100 l:r'Sﬂ:OO $1.50

24 VAC @ 250 m $3.00 power supplies. Both feature 100% soiid state 7 — /~ MINI-PUSH BUTTON

MULT| VOLTAGE @ 500 ma. construction, fuse protection. and L E.0. power ==y @g FLASHERLED $.PS.T. momentary

5 volt operation

red jumbo T 1%

size $1.00 each
NEW GREEN FLASHER
CAT#(ED-4G $1.00

BI-POLAR jumbo T 1% size

21for$1.70
LED HOLDERS
Two piece holder e @

for jumbo LED
10 for 65¢ 100 for $5.00

CLEAR CLIPLITE

=g

35¢ each
10 for $3.00

normally open
Y bushing.
Red button

}(.«

a?

NAP ACTION
SWITCH

Cherry alect. #E-21.N.Q.orN.C
0.1A contacts. Suitable for alarms
and other low energy circuits.
1ve” lever.

45¢ EACH 10 FOR $4.20

LED HOLDER

Make LED a fancy
mdlcatov Clear. Zg(
4 for $1.00

$11.00 per charger

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

220 Vac
COOLING FAN

QUANTITIES LIMITED
MINIMUM ORDER $10.00
USA-$3.00 SHIPPING

(!N CALIFORNIA: 1-800-258-6666) FOREIGN ORDERS:

ALASKA, HAWALI,
OR INFORMATION

(213)380-8000 NOC OD!

INCLUDING SUFFICIENT
SHIPPING
CALIF RES. ADD 6"2%

ROTRON #

MX77A3

Muffin XL

220 Vac

4 1/8" square

metal frame fan.
CAT¥ CF-220 $6.50 ea

10 for $60.00 / 100 for $500.00

QUANTITIES AVAILABLE
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delta loop beam really works. All of
this reminds me of the song, “Will
everyone here/kindly step to the
rear/and let a winner lead the way!”’
Good luck, WB3GCG, and may the
wintry winds be kind to your antennas.

the “‘rinky-dink’’ antenna
at K6FD

Yes, that's what Ray, K6FD, calls
his tuned 40-meter V-doubiet (fig. 6).
He uses it on the 30, 40, 80, and
160-meter bands. The antenna is
“tuned’”’ from the operating position
with a T-network. The included angle
between the legs is about 75 degrees,
and the wires slope down slightly to-
wards the ground. The antenna is
decoupled from the feedline with a
simple 14-turn coil, 3 inches in di-
ameter, of small RG-141/U coax. The
remainder of the feedline is RG-58/U.

The simple network allows unity
SWR to be achieved on all bands. The
coax feedline is about 100 feet long.
Ray says that with appropriate coils in
the network, the system will tune
through the broadcast band.

Ray recommends this antenna to
those operators who would like to try
80- and 160-meter operation but
haven’t done so because they haven't
room for large antennas.

a cheap, top-loaded
antenna
for 160 meters

Arne, KOAS, is lucky in that he has
a number of tall trees on his property.
He wanted to work the low end of 160
meters and found design information
for a top-loaded vertical antenna in an
article in an old copy of QST. Follow-
ing that design, he used a 50-foot high
wire with plenty of top loading. The
top loading disk, a rectangle in this
case covering 480 square feet, is made
of No. 10 copperweld wire. An L-
network is placed at the base of the
antenna to match it to a 50-ohm coax
line. Beneath the antenna are 50 radi-
als, each 125 feet long. A sketch of the
antenna and the matching network is
given in fig. 7. The feedpoint resis-
tance of the antenna is about 18 ohms.

The resonant frequency of the an-

Krap OF 200' (6/m) TOWER

TO BALUN, 75 OHM 174 WAVE
TRANSFORMER AND 500HM
CoaX LINE.

s 216'(65.8m)

fig. 4. Vertically polarized delta loop for 160 meters in use at WB3GCG.

fig.5. WB3GCG's delta loop consists of seven 500-foot loops of wire, for a total of 3500 feet.

tenna can be raised to about 1850 kHz
by manipulating the switches in the
base network. At this frequency, the
operating bandwidth between the
2-to-1 SWR points on the feedline is
about 60 kHz.

Arne says the antenna is ‘’quite in-
expensive and the results are most
gratifying.” You couldn’t ask for much
more than that.

another nifty low-band
antenna

Bob, K9EVI, wanted an antenna
that would cover 160, 80, 40, and 30
meters and fit in his back lot. What to
do? He had a tower that supported a

tribander for 20, 15, and 10 meters —
now he needed an antenna for the low
bands. '

His solution was to use a center-fed
dipole, 45 feet on a leg. The antenna
is slung, in inverted-V fashion, from
the top of his 45-foot tower. The ends
are about 15 feet above ground level.
Bob uses a 600-ohm, open wire feed-
line about 45 feet long that runs down
to his station and into a simple match-
ing network (fig. 8} for 80- and
160-meter operation. For the other
bands, he uses an old Johnson
“Matchbox’’ tuner. On 80 and 160
meters, the antenna feeders are tied
together and the system works as a
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top-loaded vertical antenna, with the
feeders doing the major portion of

the first radio handbook

radiation. The Wireless Experimenter
TUNER
50 OHMS 50 OHMS
> T
o7 26
L _— —et L2 /)C7 e
ct
L1 =i6 TURNS, 21/2"(63.5mm) DIA, //
2"(50.8mm/} LONG
L2:40 TURN ROLLER COiL, 172" //
(38mm] 014, 3"(76 2mm) LONG g
RG -14(/U COIL, 14 TURNS
\ 3(76.2mm) DIA /
,///i
,,h‘_Q—\—\/ 750
;\\ /
~
.
40 "~
s
~—RG58/U TO TUNER (1zmj ole
100'(33m) (AN
~
~.
i/ ey
o
o
26’
(8m)
fig. 6. Multiband antenna and T-tuner at K6FD.
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CAPACITY HAT\
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< 125138 m)
™~

ﬁ

J o0.002 JD 0002 0,002 0.00!
ji—Lj

fig. 7. The antenna and matching unit at KOAS.

70 July 1986

proclaimed it “the publishing event of
the year.”’ Experimenters in the Unit-
ed States and Canada bought out the
first edition even before it was on the
presses. And the General Electric
Company bought 500 copies sight-
unseen.

Starting with Marconi’s famous ex-
periments at the turn of the century,
the advance of wireless (i.e., radio)
rushed ahead in Europe. Following in
the footsteps of Marconi, experi-
menters and engineers in Germany
quickly advanced the radio art. But
very little of this advanced knowledge
crossed the Atlantic to the United
States. Hearsay, letters, and months-
old magazines were the only sources
of information available to experi-
menters and Radio Amateurs in the
United States.

There were, however, rumors of a
wonderful handbook, written in Ger-
man, entitled Lehrbuch fur Dratlose
Telegraphie (Textbook for Wireless
Telegraphy). A few copies could be
found in college libraries, but the in-
formation was obviously accessible
only to those who had a good com-
mand of technical German.

The 1912 version of the book —
written in 1905, published in Braunsch-
weig in 1908, and revised in 1912 —
was translated by A.E. Seelig of Wells-
ville, New York, and published by
McGraw-Hill in the fall of 1915. And
what a wonderful book it was! Writ-
ten by Professor Jonathan Zenneck of
the Technical High Schooi of Danzig,
the 440-page hardbound book clearly
defined and explained the wonderful
world of wireless. The book bristled
with photographs of arc and spark
transmitters and various types of crys-
tal, carborundum, magnetic, and di-
ode receivers. Much attention was
given to antenna design and installa-
tion. Long-range propagation via the
ionosphere was discussed along with
gray-line propagation at sunrise and
sunset.

Interestingly, comprehensive data
was provided on voice transmission
using an arc transmitter, a technique
seemingly known to only a handful of
experimenters.
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This beautifully illustrated book,
printed on cream-colored heavy paper,
made Professor Zenneck an instant
celebrity in the United States.

the doctor is interned

Shortly before World War 1, Dr.
Zenneck came to the United States.
Welcomed with a dinner at the Insti-
tute of Radio Engineers in New York,
he visited many radio laboratories, as

well as the German-owned radio sta-
tion at Sayville, New York.

On July 6, 1917 the wireless world
was stunned by a headline in the New
York Times: ARREST GERMAN
RADIO EXPERT AND TAKE HIM TO
ELLIS ISLAND. The Department of
Justice had determined that Dr. Zen-
neck was "‘one of the most dangerous
German subjects in this country,”” and
claimed that he had participated in
"“the memorable German drive through

MATCHING
NETWORK

flg—

|

50 OHMS
o e
T

80, and 40 meters.

TO TUNER
OR MATCHING
NETWORK

fig. 8. K9EV| ties feeders together on his HF center-fed antenna and operates it on 160,

500 OHM
OPEN WIRE LINE

-0 (160 METERS)

500

%{L‘» —O (80/40 METERS)

EXTERNAL

————0
GROUND

ARREST GERMAN RADIO EXPERT
AND TAKE HIM TO ELLIS ISLAND

Professor Zenneck Is to Be In-
terned During War By Order

From Washington.
By the United Pres.

Trenton, N. J., July 6.—Acting un-
der special orders from the Depart-
ment of Justice at Washington,
TUnited State Deputy Marshal Lin-
ford Denny, of this city, late last
night placed Prof. Jonathan Zenncck,
German radio expert, under arrest
and took him to Ellis Island, where
he will be interned for the duration
of the war.

4

fig. 9. The New York Times reported arrest and detention of Professor Zenneck.

The Department of Justice is said
look upon Professor Zenneck as
one of the most dangerous German
subjects in this country. Germany
looks upon him as one of her most
gkilled wireless telegraph experts,
and he came to this country espe-
cially to direct German wireless ac-
tivities. For a long time he was in
charge of the German ragdio station
at Sayville. Of late he has been liv-
ing at Boonton, at which point he
was arrested by Deputy Denny.
Before coming to America Professor
Zenneck served in the German Army
in an official capacity. He partici-
pated in the memorable German drive
through Belgium and later by falsify-
ing his passports gained admission
to the United States,
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Belgium’' and had later ‘‘falsified his
passports’’ to gain admission to the
United States (fig. 9).

Were these accusations true? No
matter. Dr. Zenneck was interned at
Ellis Island for the duration of the war.
Released at the end of the war, he
reportedly enjoyed a reunion dinner
with his colleagues at the Institute of
Radio Engineers, but thereafter disap-
peared from history.

By that time the glamour of ““Zen-
neck’’ had faded. Great strides in ra-
dio communication had been made
during the war period and the vacuum
tube was supplanting the spark, the
arc, and the crystal detector.
DeForest’s audion, which originally
rated a half-page in ‘“Zenneck,”” was
now supreme and large portions of the
first Radio Handbook were swept into
the dustbin of history.

""Zenneck'' today

Looking at yesterday through the
eyes of today is an instructive exper-
ience. Zenneck had a firm grasp of the
basic principles of wireless. Much of
his book is fundamentally correct and
the work stands as a monument to the
author and the many prominent scien-
tists who assisted him. Copies of the
first edition of Wireless Telegraphy
{1915) are very rare and hard to locate.
() found mine in a second-hand book-
store.) It is prudent for connoisseurs
of the radio art to be alert for a copy
of this work because it represents the
very foundation of radio handbooks
today.

A belated — and much-deserved —
congratulations to Professor Jonathan
Zenneck for a job well done!

2-meter EME directory

The 16-page directory of active
2-meter ‘‘moonbounce’’ stations
worldwide, listing each station’s name,
QTH, and equipment used, has been
reprinted. For a copy, write to me at
EIMAC, 301 Industrial Way, San
Carlos, California 94070. Enclose five
first-class stamps (or five IRCs) for
postage.

ham radio
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ASTRON

CORPORATION

9 Autry
Irvine, CA 92718
(714) 458-7277

430 Signet Drive

(416) 743-7801

Canadian Distributor
Eastcom Industries, Lid

Weston, Ont. Can 49L 2T6

INSIDE VIEW — RS-12A

ASTRON POWER SUPPLIES

* HEAVY DUTY * HIGH QUALITY = RUGGED » RELIABLE »

RS and VS SERIES

SPECIAL FEATURES

¢ SOLID STATE ELECTRONICALLY REGULATED

* FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output.

* CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-4A

* MAINTAIN REGULATION & LOW RIPPLE at low line
input Voltage

» HEAVY DUTY HEAT SINK » CHASSIS MOUNT FUSE

« THREE CONDUCTOR POWER CORD

* ONE YEAR WARRANTY = MADE IN U.S.A.

PERFORMANCE SPECIFICATIONS

s INPUT VOLTAGE: 105 - 125 VAC

e QUTPUT VOLTAGE: 13.8 VOC + 0.05 volts
(Internally Adjustable: 11-15 VDC)

* RIPPLE® Less than Smv peak to peak (full load
& low line)

MODEL RS-50A

MODEL RS-50M

MODEL VS-50M

RM-“ Series 19 X 5% RACK MOUNT POWER SUPPLIES
) Continuous Ics* Size (IN) Shipping
Model Duty (AMPS) (AMPS) HXWXD Wt, (lbs.)
RM-35A 25 35 5%a x 19 x 12V 38
RBM-50A 37 50 5 x 19 x 12V; 50
* Separate Volt and Amp Meters _
RM-35M 25 35 SVa x 19 x 12%2 38
MODEL RM-35A RM-50M 37 50 5% x 19 x 12V; 50
Continuous ICS* Size (IN) Shipping
RS-A SEMES MODEL Duty (Amps) (Amps) HxWXD Wi (lbs)
) RS-4A 3 4 3% x 6% 29 5
RS-TA 5 7 IVexb¥2x9 9
RS-7B 5 7 4.7% «10% 10
RS-10A 7.5 10 4% 7 x 10% 11
RS-12A 9 12 4, x8x9 13
RS-20A 16 20 S5x9x10% 18
RS-35A 25 35 5x11x 11 27
MODEL RS-7A RS-50A a7 50 Bx13% x 1 46
HS.-M SERIES = Switchable volt and Amp meter
P Continuous Ics* Size (IN) Shipping
MODEL Duty (Amps) (Amps) HxWxD Wt (Ibs)
RS-12M 9 12 42 x8Bx9 13
RS-20M 16 20 5x9x10% 18
RS-35M 25 35 S5x11x1t 27
RS-50M 37 50 6 x 13% x 11 46
MODEL RS-35M
VS-M SERIES e Separate Volt and Amp Meters
. « Qutput Voltage adjustable from 2-15 volts
* Current imit adjustable from 1.5 amps to Full Load
Continuous Duty ICs*
(Amps) (Amps) Size (IN) Shipping
MODEL @13.8VDC@ 10VDC @ SVOC @13.8V HxWxD Wt (Ibs)
VS-20M 16 9 4 20 5x9x 10V 20
VS-35M 25 15 7 35 5x11x11 29
MODEL VS-20M VS-50M 7 22 10 50 6x13% x 11 46
RS-S SERIES « Built in speaker
. T Continous Ics* Size (IN) Shipping
MODEL Duty (Amps) Amps HxWxD Wi (Ibs)
RS7S 5 7 4 x TVax 10% 10
RS-10S 1.5 10 4 x TV x 10% 12
RS-10L(For LTR) 7.5 10 4.9-13 13
RS-128 9 12 4% xBx9 13
RS-208 16 20 65x9x10% 18

MODEL RS-12S
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extending receive coverage
for the 1C-02 and IC-04

Simple, reversible
modifications

let you monitor
public service
frequencies

The ICOM IC-02 (2 meters) and 1C-04 (70 cm)
handhelds are a natural step up from the earlier 1C-2
and IC-4. Microprocessor controlled, these newer
models feature a liquid crystal display, an S-meter, a
built-in CTCSS (continuous tone-coded squelch sys-
tem), and scanning capability, all in a water-resistant
package that accepts accessories designed for the IC-2
series.

The United States version of the 1C-02 transceives
from 140 to 149.995 MHz; the IC-04 will transceive on
the upper 10 MHz of the 70-cm band from 440 to
449.995 MHz. With the simple modifications described
in this article, the IC-02 can be adapted to receive from
140 to approximately 163 MHz; the 1C-04 can be modi-
fied to receive up to about 465 MHz. Transmit capa-
bility is unaffected, and any frequency entered will be
properly stored in memory. Because this isn't a per-
manent modification, each rig can easily be returned
to its original state.

Extending the receive capability of either unit will
let you listen to the public service frequencies (police,
fire, and radiotelephone, for example) located just
above the 2-meter and 70-cm bands. Modifying the
IC-02 also permits reception of National Weather Serv-
ice broadcasts at 162.40, 162.475, or 162.55 MHz in
most metropolitan areas. Receive sensitivity for fre-
quencies this far removed from the 2-meter band is
reduced, but should be adequate for most applica-
tions.

the microprocessor

The IC-02 and the 1C-04 are each controlled by a
Hitachi HD44795 80-pin microprocessor which oper-
ates the display, keyboard, and frequency synthesizer.
The processor operating environment is determined
by an initialization matrix {figs. 1 and 2) consisting of
four output and four input lines connected to each
other in a specific pattern with isolating diodes. This
pattern determines processor reset frequency, upper
and lower band limits, step size, method of frequency
entry from the keyboard, and other functions. The
modification procedure described here changes the
initialization matrix to remove the receive frequency
limits as determined by the microprocessor. Receiver
coverage, however, is still limited by the tuning range
of the synthesizer VCO and by receiver sensitivity.

disassembling the units

Before you start, make sure you have a soldering
iron with a very fine tip; you'll be working with
extremely small components. [If you‘ve never worked
with such small components, in such tightly confined
space, you may want to practice first. — Ed.]

Begin by disassembling the battery pack and
antenna from the transceiver. Then remove the bat-
tery mounting plate and locking lever assembly.
Unfasten the five screws holding the metal back cover
to the rig and take off the cover, using care not to
damage the O’ rings that seal the back cover to the
rest of the case. (On the IC-04 only: remove the large
metal shield covering the PLL circuitry.) Now sepa-
rate the chassis and top section and place them next
to the front case; note the ribbon cable connecting
the chassis to the front section. Undo the two screws
on the DTMF/CTCSS board and set the board off to
the other side of the front case (02AT/04AT only). The
unit is now ready for modification.

By Robert K. Morrow, Jr., WB6GTM, RR 1,
Box 6F, Flora, Indiana 46929
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initialization matrix

The microprocessor board is identical in the IC-02
and IC-04 except for the diodes attached to the initiali-
zation matrix area located at the top left corner of the
board (fig. 3). We'll be working with the portion of
the matrix connecting microprocessor lines R10-R13
to R20 and R21.

ICOM uses very small three-pin chip diodes — type
A3, D3, or E3 (indicated on the diode itself) — to pro-

fig. 1. Initialization matrix for the factory IC-02. Removing
D402, whichis a type D3 located at position D2in fig. 3, will
remove the upper receive frequency limit of the rig.

fig. 2. Initialization matrix for the factory IC-04. Removing
D402 and connecting a IN914-type silicon diode between
R11 lanode) and R20 (cathode) will remove the upper
receive frequency limit of the rig.

| —»
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Fig. 3. Initialization diodes can be located at positions D1-D4,
which are found at the top left corner of the microprocessor cir-
cuitboard. The factory diodes are surface mounted on the tri-
angular pads at D2and D3 forthelC-02, and at D1and D2 forthe
IC-04. The IC-02 is modified by simply removing the diode at
position D2. To modify the IC-04, remove the diode at position
D2 and replace it with a IN914-type connected from the top pad
(anode) to the lower right pad (cathode).

4 .2

TYPE A3 TYPE D3 TYPEL EX

fig. 4. These chip diodes are used to initialize the
microprocessor on the 1C-02/04, Type A3, D3, E3, or no
diode at all will be found at various points in the initializa-
tion matrix.

fig. 5. The IC-02 is shown completely reassembled except for
the back panel. The test clip is connected to the VCO test
point, which is the only vertically mounted resistor in the area
with a bare upper lead. The arrow on the VCO shield points
to the coil which should be adjusted for 0.75 VDC at the test
point.
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fig.6. Graph of sensitivity vs frequency forthe IC-02. S1is
also called the squelch sensitivity, and can be considered
the minimum useable signal level. S5is the signal level re-
quiredto activate five pairs of LCD bars on the transceiver
S-meter.

gram the initialization matrix; in this way component
count and size are minimized (fig. 4). Do not confuse
diode types with their /ocations, (D1, D2, D3, D4)
printed directly on the microprocessor circuit board.
These locations are labeled D401, D402, D403, and
D404 on the ICOM schematic, but only for the diodes
which are actually present.

I1C-02 modification

The IC-02 is factory-wired with a type D3 diode at
position D2 and a type E3 diode at position D3. The
diode at position D2 restricts the receiver to the 140-
151.995 MHz range. Remove this diode with care.

Now reassemble the |C-02, but leave the back cover
off. Connect a high-impedance voltmeter to the VCO
test point shown in fig. 5, attach the battery pack,
and turn on the rig. Select 144.0 MHz from the key-
board.”

Adjust the coil in the VCO shield (lower hole) for
a reading of 0.75 VDC. Be sure to use a properly fit-
ting plastic alignment tool (or try whittling down a
standard one with a razor blade). This alignment
procedure maximizes the receive frequency range by
setting the VCO near its lower voltage limit at the
lowest transceive frequency desired. The receiver will
now operate from slightly below 140 MHz to slightly
above 163 MHz, and the transmitter will generate a
clean signal throughout the 2-meter band. Figure 6
shows receiver sensitivity for the entire VCO range.
Now reinstall the back cover.

IC-04 modification

The IC-04 is factory-wired with a type E3 diode at
position D1 and a type A3 diode at position D2. Care-
fully remove the diode at position D2 and replace it
with a TN914-type silicon diode connected from the
top pad at D2 (anode) to the bottom right pad at D2
(cathode). This removes the receive limit portion of
the matrix but still initializes the processor at 440 MHz.

fig. 7. The IC-04 is shown completely reassembled except for
the back panel and shield, and the metal tape has been
removed from the VCO can. The test clip is connected to the
VCO test point which, like the IC-02, is the only vertically
mounted resistor in the area with a bare upper lead. The arrow
on the VCO shield points to the variable capacitor which
should be adjusted for 0.25 VDC at the test point.

3007
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fig. 8. Graph of sensitivity vs frequency for the IC-04. Due
to the higher frequencies used, the IC-04 receive band-
width is much greater than that of the IC-02.

Now reassemble the 1C-04 except for the installa-
tion of the PLL shield and back cover. Carefully peel
away the metal tape covering the VCO shield. Con-
nect a high-impedance voltmeter to the VCO test point
shownin fig. 7. Attach battery pack, turn on therig, and
select 440.0 MHz from the keyboard.**

Adjust the capacitor through the lower right hole
in the VCO shield for a reading of 0.25 VDC. This sets
the VCO at its lower limit to maximize receiver cover-

* This modification is for units with senal numbers balow 34,000, Uinits with serial
numbers above 34,000 have a new CPU with different programming; diode
matrix is also ditfferent Ed

**|If the display should power-up in the wrong 10-MHz band segment, follow

the procedure under “'operation’’ to put the ng in the proper 10 MHz segment,
or press reset button on main chassis
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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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age above the 70-cm band. Note that this voltage is
lower than the voltage for the IC-02; this is because
of a smaller negative VCO shift in the IC-04 when
transmitting. The 1C-04 receiver will now operate from
slightly below 440 MHz to slightly above 466 MHz, and
the transmitter will operate cleanly throughout the
upper half of the 70-cm band. (Figure 8 shows
receiver sensitivity for the entire VCO range.) Now
reinstall the VCO metal tape, PLL shield, and back
cover.

operation

With the modification completed, normal trans-
mit/receive capability of the I1C-02 and IC-04 is
unaffected. Within a particular 10-MHz band segment,
the frequency may be selected by direct keyboard
entry or by using the step-up or step-down keys. To
change to a different 10-MHz segment, use the step-
up or step-down keys after entering the highest or
lowest frequency within the present band segment.
Any frequency entered will store properly in memory.
If you select a receive frequency outside the VCO limits
the PLL will unlock; no indication of this condition will
be given on the display. However, if you push the
transmit switch with an unlocked PLL, the display will
blink.

conclusion

This simple modification increases the versatility of
the 1C-02/04 without affecting normal operation.

Incidentally, the display and microprocessor will
support initialization to the 23-cm (1260-1300 MHz)
band. Is this an indication of things to come?

I'l be happy to answer any questions; please

enclose an SASE for a prompt reply.
ham radio

BRAND NEW!! JUST RELEASED!!

Explore the world of
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Edition.
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Please add $3.50 for shipping and handling
Handbook
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i ~ 7§ SIMPLE XORDUPLEX
1 SHACK CONTROL

AUTOPATCH ®* H.F. RENOTE * REPEATER CONTROL
*CONTROL YOUR YAESU FT 757 OR ICOM IC 735 WITH YOUR H.T.
*CHOOSE EITHER SIMPLEX OR FULL DUPLEX CONTROL SYSTEM
#ALL _CONTROL FUNCTIONS ARE ACKNOWLEDGED WITH A CLEAR LTINS
| oR IR VOICE ! *STATE OF THE ART SOFTWARE & HARDWARE

a | NTERFACE * USER FRIENDLY MENU FOR EARSY START UP!

% GUIOILNIMI] TONE OR PULSE,CALL WAITING,
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microwave and
millimeter-wave
propagation:
part 1

Summer is traditionally the time
when Amateurs take to the higher
bands (and to the hills) for mountain-
topping; the weather is agreeable, and
the pioneering spirit is spurred on by
several major VHF/UHF contests.

Regardless of season, the frequen-
cies above 900 MHz are still the region
of exploration and discovery. This is
true because, in comparison with the
HF/VHF frequencies, so little Amateur
work has been conducted there. Until
recently, equipment was scarce and
anyone interested in exploring micro-
wave frequencies had to “roll their
own’’ equipment.

But this is is changing rapidly. Com-
mercial gear is now available through
13 cm (2320 MHz), as are Amateur
Gunnplexers for the 3-cm (10-GHz)
and 12.5-mm (24-GHz) bands.’ One
equipment manufacturer is rumored to
have 3-cm weak signal gear almost
ready for market!

Although much has been written on
VHF and UHF propagation, informa-
tion on microwave and millimeter
propagation is scattered hither and
yon.2?® With all the interest in the
microwave bands, the addition of our
newest band at 33 cm (902-928 MHz)*
and the increased availability of micro-
wave gear, this seems like a good time
to start pushing these bands and
promoting propagation research.

our microwave bands
Before we can talk about our micro-

82 [ July 1986

VHF/UHF WORLD

wave and millimeter bands we have to
know what frequencies are available.
| guess it’s fair to say that — in Ama-
teur terminology — the frequencies
between 900 and 10,500 MHz are
probably best referred to as the micro-
wave bands while the Amateur fre-
quencies above 10.5 GHz are really in
the millimeter territory.

The major worldwide Amateur fre-
quency allocations on and above 33
cm were listed in last January's
column.® Since that time, the FCC has
implemented the WARC '79 frequen-
cies and changed the United States
frequency allocations significantly.
Therefore, I've updated last winter's
list, (table 1), to show the latest USA
frequency allocations. (I don’t have
any post-WARC ‘79 worldwide fre-
quency allocation lists to compare it to
at this time; I'd appreciate it if readers
would share some with me.)

challenges

Once microwave and millimeter gear
is constructed or purchased, there’s al-
ways the guestion of what to do with
it. Obviously it can be used in a varie-
ty of ways such as communications
links, ATV, repeaters, or beacons.
However, the real challenge is to see
what performance can be attained
primarily by DXing. This will truly ex-
ercise power, receiver sensitivity, and
antenna gain to their fullest.

To show the whole perspective of
the possibilities of DX on the micro-
wave and millimeter bands, I've updat-
ed the records first shown here in last
July’s column.? Tables 2 and 3 show
the worldwide claimed DX records for
terrestrial and EME operation. Note

that the 13-cm band is still the upper
frequency for a completed EME QSO.

In keeping with the spirit of region-
al DX, the North American DX records
have also been updated in table 4.
You’'ll note that since these records
were first published, several have been
broken.

Because the 33-cm band didn’t even
exist last summer, the DX record on
that band can’t begin to compare with
the adjacent bands. | expect this, too,
will rapidly change. Nevertheless, it
offers a big challenge to see what kind
of propagation is in store.

Amateur 33-cm gear is already com-
mercially available, though it’s primar-
ily limited to the FM citizens-band
type. Information on homebrew gear
was recently published in this column?;
commercial weak-signal gear is, as | in-
dicated above, reportedly just around
the corner. Because of the 33-cm
band’s proximity to the land mobile
communications band, suitable com-
ponents — especially high-power
transmitting tubes — should become
available; far more equipment, certain-
ly, than can be expected to be avail-
able for the 23-cm band.

microwave and millimeter
tradeoffs

These bands offer many advantages
over the VHF/UHF bands. First,
there’s over 13,000 Megahertz — not
counting the unlimited territory above
300 GHz. This is more than 275 times
the bandwidth of all of the dozen
lower-frequency bands combined!
How long do you think it will be be-
fore microwave and millimeter wave
QRM will be a problem?

These bands have very little noise



and static. Except for a small poten-
tial for VCRI around 9156 MHz, TVI and
RFI are virtually nonexistent. Very
compact antennas are the norm, with
a 1-meter diameter dish considered a
moderate to large antenna, especially
on 3 cm and above.

Loop Yagis are often used on the
lower microwave bands. Parabolic
dishes are the most common antenna
type as the frequency increases be-
cause they’re usually inexpensive, easy
to feed, low in noise pickup, and have
high gain.®” As a result, QRP opera-
tion (often much less than 1 watt) can
be very productive.

There are a few disadvantages,
however, to operating on the micro-
wave and millimeter wave bands. The
higher antenna gain makes precise aim
a serious concern. For example, a
1-meter parabolic dish antenna at 12
mm (24 GHz) has a 45-dBi gain and a
beamwidth of only 1 degree!

Other problems are associated with
operating above the UHF bands. Solid-
state RF power generation is in the
early developmental stages. Feedline
losses are considerable, propagation
modes are somewhat limited, and foli-
age attenuation and water vapor can
also present difficulties.

in the notes.

Band Frequencies
33 cm 902-928 MHz
23 cm 1240-1300 MHz
13 cm 2300-2310,
2390-2450 MHz
9cm 3300-3500 MHz
6 cm 5650-59256 MHz
3cm 10-10.5 GHz
12 mm 24-24.25 GHz
6 mm 47-47.2 GHz
4 mm 76-81 GHz
3 mm 119.98-120.02 GHz
2 mm 142-149 GHz
1 mm 300 GHz & up

Table 1: This table lists the latest USA frequency allocations for Amateur microwave
and millimeter wave bands. Many of the listings were recently changed, as indicated

Notes
Restrictions in CO, WY, White Sands, NM &
Region il areas. Available as of Sept. 28, 1985.

1215-1240 MHz removed on March 1, 1986.
2310-2390 MHz removed on November 6, 1984.

48-50 GHz removed on March 1, 1986.
71-75.5 GHz removed on March 1, 1986.
New assignment on March 1, 1986.
165-170 GHz removed on March 1, 1986.
240-250 GHz removed on March 1, 1986.

terrestrial DX records.

Table 2: This table shows the latest claimed worldwide microwave and millimeter wave

Frequency Record Holder Date of QSO  Prop. Mode DX Miles(km)
903 MHz AF1T-WB1FKF 1-13-86 Tropo 53(85)
1296 MHz KHBHME-N6CA 6-24-86 Tropo duct 2472(3977)
2.3 GHz VK5QR-VK6WG/P 2-17-78 Tropo duct 1170(1883)
3.4 GHz VK5QR-VKEWG 1-25-86 ducting 1171{1884)
5.7 GHz G3ZEZ-SMBHY G 7-12-83 ducting 610(981)
10 GHz IOSNY/EA9- 7-08-83 ducting 1032(1660)
10YLI/IE9
24 GHz 13S0Y/3, 4-25-83 LOS 180(289)
IW3EHQ/3~
14BER/6,
14CHY /6
47 GHz HBSAMH/P- 6-11-84 LOS 33(53)
HBIOMIN/P
474 THz K6MEP-WAGEJO 6-09-79 LOS 15(24)

There is hope, however. Solid-state
RF power is rapidly increasing, with
power GaAs FETSs (up to several watts)
now in commercial production. Short
feedlines are the norm, with transmit-
ters and receivers often mounted right
at or only a short distance away from
the antenna feed. And many of the ap-
parent propagation problems can be
solved, as we'll see shortly.

microwave propagation

The types of propagation modes
available on the microwave and mil-
limeter wave bands are more limited
than on the VHF/UHF bands. Some
of the lower- frequency propagation
modes such as meteor scatter, sporad-
ic E, F2, TE, and FAI, for example, are
not usable.?2?® Other exciting scatter
propagation modes are available, how-
ever, that may be either poor or sim-
ply not feasible on the VHF/UHF
bands.

The most common microwave prop-
agation modes are line-of-sight (LOS),
tropospheric bending, tropospheric
ducting, and EME. Less used but read-
ily accessible are various scatter modes
using the troposphere, weather-related
phenomena such as lightning and rain
scatter, aurora, and both man-made
and natural objects.

Because describing the various
microwave and millimeter wave propa-
gation modes and how they can best
be exploited would take considerable
space, only LOS microwave and mil-
limeter-wave propagation will be dis-
cussed this month. The other modes
will be discussed in detail in next
month’s column.

line-of-sight propagation

The most common mode of propa-
gation on the microwave and mil-
limeter wave frequencies is probably
LOS, for apparently obvious reasons.
If two stations’ antennas can see each
other without intermediate obstruc-
tions, it is assumed that communica-
tion is possible.

This does, however, assume sever-
al things. First, there must be sufficient
transmitter power and receiver sensi-
tivity for communication to take place.
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Second, the gain of the antenna at
both ends of the path must be suffi-
cient. And third, the weather must be
cooperative. (More on this next
month.)

But what is sufficient power, sensi-
tivity, and antenna gain? These
parameters are all interrelated. If suffi-
cient RF power — say 100 to 1500
watts — is available, the effective radi-
ated power, even from a low-gain an-
tenna (less than 10 dBi) will be high.

Conversely, if transmitter power is
low, even in the milliwatt range, com-
munication is also possible, providing
that the gain of the antennas at both
ends of the path is sufficient and that
the receiver has sufficient sensitivity.
These tradeoffs will be addressed in a
future column. This month’s column
will be limited to a discussion of ““path
loss,’’ the apparent number of dBs of
attenuation that a transmitted signal
will incur between two isotropic anten-
nas. This is the standard method used
in the communications industry to de-
termine whether there will be a high
probability that communciations is
possible between two stations.

path loss

What is path loss and how is it
determined? We all know that as you
go higher in frequency, losses become
more critical. We also hear that the
path losses increase. Yet at the same
time, we hear about tremendous DX
accomplishments on the microwave
frequencies, using low power and rela-
tively small antennas. How can this
be?

The main reason for this is the
“wavelength factor.”” As you go higher
in frequency, the size of a half-
wavelength dipole antenna becomes
smaller. Therefore its “‘capture area”
becomes smaller® and it consequently
picks up less RF. For example, the “‘ef-
fective aperture” of a haif-wavelength
dipole is approximately 0.75 by 0.25
wavelengths.® At 33 cm this represents
a capture area of about 32 square
inches (0.21 square meters). However,
at3 cm {10 GHz) the effective aperture
is still 0. 1875 square wavelengths,® but
because of the shorter wavelength, the

Table 3: This table shows the latest claimed worldwide microwave EME DX records.

Frequency Record Holder Date of QSO Prop. Mode DX Miles(km)

903 MHz None reported.

1296 MHz PAPSSB-ZL3AAD 6-13-83 EME 11595(18656)
2304 MHz PAGSSB-WEBYFK 4-05-81 EME 5491 (8836)
3300 MHz none reported.

and above

Table 4: This table shows the latest claimed North American microwave and millimseter
wave DX records listed by suspected propagation modes. Note that most of these
records are far short of the worldwide claims and therefore offer a great challenge
to North American Amateurs. (Note: the records are listed alphabetically by propaga-
tion mode. Where the path is mostly over water, ducting is suspected. No efforts are
made to separate out ducting on overland paths, so it’s grouped under tropo.)

Frequency Record Holder Date Prop.Mode DX Miles(km])
903 MHz AFIT. WB1FKF 1-13-86 Tropo B3  (85)
1296 MHz KH6HMME-NG6CA 6-24-84 Ducting 2472 (3977)
K2UYH-VK5MC 12-06-81 EME 10,562(16,995)
WAWSR-WASTKU 6-03-85 Tropo 1112 (1790)
2.3 GHz PA@SSB-WBYFK 4-05-81 EME 5491 (8836)
W40DW-WBS5LUA 2-20-86 Tropo 624 (1003)
3.4 GHz K6HIJ/6-W6IFE/6 6-18-70 LOS 214 (344)
5.6 GHz K5FUD-K5PJR 9-20-77 Tropo 267 (430)
10 GHz WAAGHK/4-WDANGG 8-07-84 Ducting 297 (478)
WI7JP/7-W7LHL/7 7-31-60 LOS 265 (426)
24 GHz KX00/0, WOMXY /0- 8-24-85 LOS 74 (119)
NKOP/@, WABVSL/0
48 GHz W2SZ/1-WA2AAU/1 9-08-84 LOS 0.3 (0.5
50-300 GHz  None reported.
474 THz K6MEP-WABEJO 6-09-79 LOS 15 (24}

capture area is reduced to 0.2612 square
inches (0.00017 square meters), a
reduction of over 120 times.

It's said that the answer to this
dilemma is simple: just increase the
capture area of the antenna commen-
surately and you’ll gain back what you
lost because of the wavelength factor.
This is only partially true. Antenna gain
is usually a two-way street, receiving
and transmitting (if the same antenna
is used for both). MHence, if the anten-
na size is increased to offset the cap-
ture area loss, you gain considerable
advantage, depending on frequency.

Herein lies the secret of successful
use of low power on the microwave
and millimeter frequencies. If the an-
tenna gains is increased sufficiently,
the overall signal-to-noise ratio can
actually increase for the same trans-
mitter power and receiver sensitivity.

How is the path loss determined?

There are straightforward formulas for
this. The most common one is:

Pathloss=37.6+20log F+20log R (eq1)

where path loss is in dB referenced to
an isotropic radiator {2.15 dB less gain
than a dipole), F is frequency in MHz,
and R is range in miles.

If you prefer to work in kilometers,
the formula can be modified as fol-
lows:

Pathloss=33.6+20log F+ 20log R (eq 2)

where path loss is in dB referenced to
an isotropic radiator, F is frequency in
MHz, and R is range in kilometers.
For example, the path loss for 10
miles is approximately 116.7 dB at 903
MHz and 137.6 dB at 10 GHz. If the
range is increased to 20 miles, the path
loss is 122.7 and 143.6 dB, respective-
ly. You'll note that every time the fre-
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fig. 1. This graph was derived using equations 1 and 2. It shows path loss versus fre-
quency of operation and range between two stations. This assumes that there is a
line-of-sight path and no obstructions or weather phenomena are present.

DISTANCE (kM)

quency or range is doubled, the path
loss increases by 6 dB.

Calculations of path loss are often
computer-aided.® For those not so in-
clined, I've prepared fig. 1, which
shows at a glance the path loss on
each of the microwave and lower mil-
limeter Amateur bands.

summary

This month’s column served as an
introduction to radio propagation on
the microwave and millimeter wave
Amateur bands. FCC frequency allo-
cations and DX records were also
shown. The latter will quickly reveal
the challenges available to the adven-
turesome Amateur.

Time and space allowed us to inves-
tigate only line-of-sight propagation,
presently the most common use of
these bands. Next month’s column will
explore the other modes of propaga-
tion, with particular emphasis on those
useful for DXing. A review of refer-
ences 2 and 3 is strongly recom-
mended.

references

1. Joe Reisert, W1JR, “"VHF/UHF World: VHF/UHF
Exciters,”” ham radio, April, 1984, page 84.

2. Joe Reisert, WI1JR, "“VHF/UHF World: The
VHF/UHF Primer — An Introduction to Propagation,”
ham radio, July, 1984, page 14.

3. Joe Reisert, W1JR, ""VHF/UHF World: Propagation
Update,”” ham radio, July, 1985, page 86.

4. Joe Reisert, W1JR, “VHF/UHF World: 33 cm —
Qur Newest Band,"”’ ham radio, April, 1986, page 83.
5. Joe Reisert, W1JR, '"VHF/UHF World: Amateur
Microwave Bands,’’ ham radio, January, 1986, page
44,

6. Joe Reisert, W1JR, “"VHF/UHF World: Reflector
Antennas — Part 1,'" ham radio, February, 1986, page
51.

7. Joe Reisert, W1JR, "VHF/UHF World: Reflector
Antennas — Part 2," ham radio, March, 1986, page 68.

Important VHF/UHF Events

July 2: + 2 weeks. Look for European
agpenings on 6 meters.

July 18-20: CQ VHF WPX contest.

July 19: EME perigee

July 20: Look for 2-meter sporadic E
+2 weeks of this date.

July 25-27: Central States VHF Confer-
ence, St. Louis, MO (contact
NOIS).

July 29: Predicted peak of the Delta
Aquarids meteor shower at
0930 UTC.

August 2-3:  ARRL UHF Contest.

August 12: Predicted peak of the Perseids
meteor shower at 0700 UTC.
EME perigee

Microwave Update 1986 Con-
ference, Estes Park, CO (con-

tact WOPW).

August 16:
August 28-31:

ham radio

short circuits

meteor shower program

In a footnote to W1JR's June
column, “VHF/UHF World: Meteor
Scatter Communications’’ (page 68),
the address of Gary Field, WA1GRC,
was shown incorrectly. Gary’s correct
addressis b Pluff Avenue, North Read-
ing, Massachusetts 01864.

solving transmission
line problems on the
C-64

Gary Mvyers, K9CZB, author of
*Solving Transmission Line Problems
on the Commodore 64"’ (May, 1986,
page 74}, recently learned that some
of the older C64s have an operating
system that doesn’t poke the graphic
symbol in lines 180-240 properly. On
these machines, the arrow symbol is
generated in the same color as the
background, thus rendering it invisible.
This won't affect the program'’s oper-
ation, but there will be no visual con-
firmation that the desired key was
pressed.

Gary reports that WB9PGO has de-
vised a program modification that will
make the symbol visible on these
machines. Those who don’t see the
graphic arrow after selecting the trans-
mission line type should change line
20 to read as follows:

20
POKES3281,14:PRINTCHR$(147):
POKES3281,6

and change the last statement in line
670, which currently reads GOTO70,
to GOTQ20.

credit where it's due

Credit lines were inadvertently omit-
ted from the art in Walter Kunde's
June article, “’Direct Currents Reduce
Core Permeability”” (page 58). All
figures appeared courtesy of Magnet-
ics, Inc., P.O. Box 391, Butler, Penn-
sylvania 16003.
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a tone burst generator

for European

Use 7168 kHz crystals,
divided down output
for 1750 Hz output

Before a recent trip to Europe, | received licenses
to operate and decided to take my ICOM 2AT along
with me. While searching through Radio Communi-
cation and other journals to find information on repeat-
ers, | noticed that most European repeaters must be
brought up with a 1750 Hz tone. Obviously my 2AT
could not do this.

Looking through the ads, | noticed that ICOM makes
a European version of the 2AT called the ICOM 2E.
Besides offering coverage from 144 to 145 MHz only,
this model appeared to employ either a switch-
operated 1750 Hz tone or a 1750 burst at the begin-
ning of each transmission. A phone call to ICOM con-
firmed this. | considered converting my 2AT to a 2E
. . . but the touchtone pad on the 2AT is iocated where
the burst components would have to be and uses
several tracks on the circuit board for different func-
tions. In addition, the tone switch on the 2AT is a
push-button switch activated by pushing the volume
control; one look into the possibility of removing that
control eliminated that idea. | concluded that while
conversion would be possible, it wouldn’t be reasona-
ble to make the conversion, use the unit abroad, and
then reconvert it when | returned home.

My initial thought was to use a 555 timer. But |
wasn’t sure it would survive the trip and still make the
25 Hz frequency tolerance required. Without test
equipment, | would be unable to make any repairs
while in Europe.

The ICOM service manual for the 2AT showed that
the tone burst circutry consisted of a single integrat-
ed circuit, a crystal, and several discrete components.
The integrated circuit, which functions as an oscilla-
tor/divider, was a TC5082 packaged in a 9-pin single-
in-line package with an SK3733 indicated as its
replacement. A quick phone call showed the device,
also known as an ECG1197, was available locally for
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fig. 1. Tone generator produces 1750 Hz output starting
with 7168 kHz crystal frequency.

under $10.00. It contains a crystal oscillator and divide-
by-256, 1024, 2048, and 4096 and is often used in CB
radios as a reference oscillator for the PLL.

The final circuit, shown in fig. 1, is almost identical
to the ICOM burst generator. A 7168-kHz crystal was
used so the divide-by-4096 output would be 1750 Hz.
The output was capacitively coupled to the external
microphone jack of the 2AT. Since the 2AT requries
DC continuity for transmit, the PTT bar on the side
had to be pushed for transmit.

Construction was on a small piece of 3-pad-per-hole
board. The chip is CMOS, so standard CMOS handling
procedures — i.e., using a grounded soldering iron,
inserting the chip last, etc. — were used. The case,
recycled from an old GE pager, had enough room for
the circuit and a 9-volt battery. The press-to-silence
switch already on the case was used to activate the
burst. A short audio cable coupled the two units.

Tuneup was easy. | just asked a friend to listen to
my simplex signal and report on its loudness. | adjusted
the pot until the level was approximately the same as
my voice or the touchtone pad.

Coupling to another rig should be simple. Since
most HTs have external microphone jacks, that should
be the way to go. One could build an adapter to ena-
bie this unit and the external microphone to be used
simultaneously.

ham radio

By Ladimer S. Nagurney, WA3EEC, 73 Black-
berry Lane, Amherst, Massachusetts 01002
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7201 N.W. 12th St. Miami, Fla. 33126

(Dade) (Broward)

1-(305) 592-9685 1-(305) 763-8170

All Mode H.F.
Transceiver N.W.12th St S

Our New 17,000 Sq. Ft. Facility
at 1950 NW 94th Avenue in Miami
Will be Open June 15.

NOSOTROS LE ENTREGAMOS SU ORDEN A
cualquier EXPORTADOR, EMBARCADOR, o
al Aeropuerto Internacional de Miami
GRATIS! . . . Lidmenos desde cualquier
parte del mundo y le preparemos su &
ENVIO a SU PAIS.

More Details? CHECK — OFF Page 110 - 7 July 1986 [ 89




icom T TOWEHS

*25 walts by ALUMA

slarge LCD readout
*wideband coverage HIGHEST QUALITY ”'""

Crank-Up
w +21 memory channels 80 FL. Alum. ALUMINUM  Model 1-140]

he
HAM STATION

P.O. Box 4405
220 N. Fulton Ave. — .
Evansville, IN 47710 - deiig e WELZ

Stores Hours RS | ots of Welz
MON-FRI 9AM-6PM : Meters in Stock
SAT 9AM-3PM Call for Special
Pricing and
WARRANTY SERVICE CENTER FOR: Welz Meters De,a“g
ICOM, YAESU, TEN-TEC

TERMS:
Prices Do Not Include Shipping.
Price and Availability Subject to

IC-28A Ham Net $419.00 Call for cankyp  ® TELESCOPING (CRank-UP
Model T-600 * GUYED (STACK-uP
e TILT-OVER MODELS
Easy to install. Low Prices.
Crank-ups to 100 ft.

EXCELLENT FOR
AMATEUR COMMUNICATIONS

2 Meter Mobile special Introductory Price

YAESU

Change Without Motice 10 Memories QU hipes S
UPS COD $2.50 Per Package 45 Watts specials designed and
made-—wnite for delails

= With FTS-8
MOST ORDERS SHIPPED ORDER NOW
SAME DAY

-
SPECIAL
Four Section 50 Fi
Van Mounted Crank-Up
Aluma Tower

Fixed Base

TENTEC

ALUMA TOWER CO.
BOX 2806HR

2510 Mode B
Satellite Station

ALL BAND TRAP

YAESU FT209RH : +all modes bullt in
I P B S oo buitin VERTICAL ANTENNAS!
Free FTS-6 oottt kg UL, KA AVE Sn Batt A Sty
10 Memories *100% duty cycle ;'v;;nlg' -":Lv:l N”(; i?égﬁrfmﬂgﬁ%"&sss :gnl:l,:lc
IC-751A PRlTLTCN el o8 0 67
CALL FOR YOUR HE Tran Ham Net $1499.00 Call for FOR APARTMENTS, MOBILE HOMES - CONDOS atc
e SNSCENET Syl rducory i S S

COMPLETELY PRETUNED - NO ADJUSTMENTS MEED-
ED EVERT NO TUNER NEEDED FOR MOST AANS-

CEIVERS! Use - RGHU feedline, -nT length! 2000 Watt
AEA * ARAL » ALINCO * ALLIANCE ALPHA DFLTA » AMECO » AMERITHON * ANTENNA PEP, input power. Shipped - PREPAID IN USA. Assembles

SPECIALISTS » ASTRON » BAW » BENCHER » BUTTERNUT » CS1 s CALLBOOK In 10 min. using onty screwdrivar. WEATHERPROGR
+ COMMUNICATION SPECIALISTS » CUSHCHAFT = DAIWA » DATASCAN = HEIL = HUSTLEH e AT e e = 3008
* HYGAIN * ICOM » KDK » KLM » KANTRONICS » KEN PRO » LARSEN « MFJ » MICROLDG No- AVT20-40— 3 Band na" $100.95
* MIRAGE = NYE » HOHN » SANTECsSHURE = TEN TEC » TOKYO HY -POWER » UNADILLA No.-AVT 80107 =6 Band 248 229,05
* VALOR = VIBROPLEX = WELZ » YAESU No.- AVT 40:10-3=5 Band 17 :m (Cq.ms- 95
usa anada iy
ORDERS AND PRICE CHECK Y. PLEA F0B0 atirs ot pastags) terlomt. Customs ) br order using
l s ONL ] LE SE 1-800-523'7731 VISA, MASTER Cﬂﬂh? or AMER-EXP. Pn !-;j[jh_-‘
236-5333 DAM-6P 0 We s In @1
INFORMATION AND INDIANA 812-422-0231 ‘[F gt .fu...m.r. a?:"..'..f:f.'rg. Vyear 210 day
maoney back trial ree In
SERVICE DEPT. 812-422-0252 1A WESTERN ELECTRONICS
» Dept. AH Kearnsy Ne. 68847
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ENCODERS
THAT LIGHT

An ultra mgh quality Touch-!orw Eru:oda: {or absolute reliability
and 1

Want to
Advertise in
HAM RADIO?

Call Rally Dennis

0.85
Tower Height
from Base

luture that makes night nperalkm easy.

sell ined = Simple
wlu connection * Relay or solid state
PTT output * Crystal controlled =

Sounder « Wide voltage range 9-16 215" ——
VDC = Wide temp. range -22° to
+160°F = Easy Jovel & liming adjust- = g O 5 03 878 1441
i i ot b lgosc b . WRITE FOR ( 6 ) =
b FREE CATALOG

PP.5 S50 PP-5K SPST ADJ. RELAY 567 .
PP.5.Y S60 PP.5.V-K SPST ADJ RELAY $67 e < LK EOIAT

* ATAT

today for more
Mail ®  p.0. Box 3435 . .
Order @190 ceommunications Hollywood, California 90078 in fo rmation

Emphasis is on Quality & Reliability 213/852-1515
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DX
FORECASTER

Garth Stonehocker, KORYW

a geomagnetic-
ionospheric
disturbance

Because the full effects of solar
flares and storms will be upon us again
in a year or so, a brief review of the
solar flare-to-ionospheric storm se-
quence may be beneficial, particularly
for those who've joined the DXing
ranks since 1982.

Several years have passed since the
sun has been active enough to cause
concern over the weak signals result-
ing from geomagnetic-ionosopheric
disturbances in any great humber or in-
tensity. Although one or two distur-
bances a year have been of the
geomagnetic-ionospheric variety, most
of those we've experienced during the
last four years have been mild solar
wind enhancements. However, single
events — such as that witnessed from
the 5th through the 10th of February,
1986 — do occur unexpectedly.

When a sunspot region flares or
brightens, ultraviolet and x-rays cause
increased ionization in the D and E
regions of the ionosphere. Signals are
immediately weakened on the daylight
side of the earth. This sudden iono-
spheric disturbance lasts about an
hour. With the eruption of the flare,
many solar particles (protons and elec-
trons) ejected into the solar wind start
toward the earth along a spiral path to-
ward the polar regions. The higher-
energy protons arrive within approxi-

Figure 1 provides a graphic repre-
sentation of the effects of the Febru-
ary 1986 ionospheric disturbance. The
top curve (fig.1A) is the percentage
change in foF2; the middle curve (fig.
1B) is the solar flux value; the lower
curve {fig. 1C) is the geomagnetic A
index for each day during February. By
looking at each day individually and
then reading across the days, one can
see the storm variation. To see how
the storm actually developed from
February 5th to the 10th, see table 1,

Table 1. Percentage of MUF change and
associated with 2-hour period.

Date 1300 UT 1500

5 5.9(1) 0.0(1}
6 9.8(1)SC 1313 5.3(3)
7 SC 0500 3.9(5) -8.8(5)
8 -19.6(7) ~38.6(8)
9 - 19.6(4) —-5.3(4)
10 -11.8(1) —8.8(1)
Median foF2 5.1 5.7

geomagnetic K figure (in parentheses)

1700 1900 2100
6.3(2) 0.0(2) 0.0{2)
7.9(3) 22.6(2) 5.1(3)
7.9(6) 11.4(6) -11.9(7)

—20.6(8) —-32.3(9) -25.7209)

~15.9(5) —6.5(5) 3.4(3)

- 14.3(1) -8.13) -5.1(3)
6.3 6.2 5.9

mately one to five hours, causing po-
lar cap absorption — even blackout —
of signals crossing the top and bottom
of the earth above 80 degrees latitude
during each period of daylight for a
couple of days. The more numerous,
but slower, electrons arrive within 20
to 30 hours; their arrival often causes
a shock wave which suddenly begins
to move the geomagnetic field around,
then lasts for two to three days. This
phenomenon is called SC, or “’sudden
commencement.” The presence of
many particles results in further
weakening and level fluctuation of sig-
nals as a result of movement in the
auroral zone (70 to 80 degrees latitude).

The ionospheric F region is affect-
ed after the SC, first by an increase in
maximum usable frequency (MUF) for
a few hours over the transmission path
that’s in sunlight. Over the path that's
in darkness, the MUF decreases from
the auroral latitudes southward, de-
pending upon the intensity of the
storm. (See the MUF distribution ta-
bles in the January and February,
1986, columns.)

which shows the percentage of
foF2-MUF change, and in parenthesis
the geomagnetic K figure associated
with that 2-hour period. The median
foF2 for that hour of the month is in-
dicated in the bottom line of the table.

The storm MUF decrease was prob-
ably not as extreme as the geomagnet-
ic field A and K figures indicate
because the solar flux was high and
the initial SC 1313 UT was coincident
with sunrise, the foF2 rise of the day.
A second SC was on the 7th at about
0500 UT; the main decrease in
foF2-MUF began about 1100 UT with
the large K figures. The 8th, which was
a Saturday, was particularly bad, as
anyone trying to communicate over
any significant distance will remember.
Several days later MUFs returned to
normal. Such is the morphology of a
geomagnetic-ionospheric disturbance.

last-minute forecast

The higher frequency bands, 10
through 20 meters, are expected to im-
prove during the first week of the
month. They should be best during the
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“A" index.
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second and third weeks, when the so-
lar flux 27-day maximum is expected.
Though still not very good, the lower
bands will be best during the fourth
and last weeks of the month. Distur-
bances are more probable on the 3rd
to the 4th, the 17th to the 18th, and
on the 23rd through the 25th during
the solar flux transition and minimum
time periods. Lunar perigee (closest
approach of the moon) is on the 19th,
with a full moon occurring on the 28th.
The Aquarids meteor shower begins
July 18, peaks on the 28th, and lasts
until August 7. The radio-echo rate at
maximum is expected to be about 34
per hour.

band-by-band summary

Six meters will have occasional
openings to South Africa and South
America around local noon via Eg
short skip. These can occur at any time
of the month and favor a five-to-six
day cycle.

Ten and fifteen meters will have
many short-skip openings near local
noontime and long-skip, especially
during any solar flux rise, to most
southern areas of the world during
daylight. No long-hop transequatorial
openings are expected to occur at this
time of the year.

Twenty, thirty, and forty meters will
have DX conditions from most areas
of the world during the daytime and
into the evening almost every day, ei-
ther long-skip to 2500 miles per hop or
short-skip Eg to 1000-mile hops. The
length of daylight is still near maxi-
mum, providing many hours of high
maximum usable frequencies for good
DXing.

Thirty, forty, eighty and one-sixty
meters are all good for nighttime DX
if you can beat the buildup of thunder-
storm QRN in the evenings. Some en-
hanced signal strength levels via
short-skip Eg may help overcome the
noise. Some operators get up during
the predawn hours, after the thunder-
storms have dissipated, taking advan-
tage of quieter conditions to the east.
Time-and-frequency station MSF, in
Rugby, England, can be used to mon-
itor 2.5 and 5 MHz for band conditions.
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The italicized numbers signity the bands to try during the transition and early morning haurs, while the standard type provides MUF during "“normal’ hours.

ham fadio

*Look at next higher band for possible openings.
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SWL’s: Are You Plagued By
Phantom Signals?

33 cm. * 23 cm. * 13 cm.

LOOP YAGIS AND AMPLIFIERS FROM
DOWN EAST MICROWAVE

= TROPD * WEAK SIGNAL
= EME * DSCAR MODE L & MODE S
- 902 - 1269 = 1296 = 2304 = 2400 MHz
2345LY  45el loop Yagi 1296 MHz 20+ 0B $85
2M5LY 456l loop Yap 1260 MHz 20+ dBi  $85
1345LY 45el loop Yam 2304 MHz 20+ dBi  $75
333UY  33el loop Yag 902 MHz 185 dBi $85
above antennas are assembled and lested

Range MHz
[ =3 " All aluminum and stainless construction. Kits also availabl
Q_B_Q.\L M[NlTUNER'tunS Add $8 ($11 west of Rockes) per antenna for UPS ununlﬁu

284 power dividers, complete arrays avall

2316 PA Linear Amp 1w in 18w out l’?IQEMILr 13.5V §245
2335 PA Lingar Amp 10w in 36w ou! 1296 MHz 13 5V $295
nclude 85 lor UPS Blue — 48 states

Meet the Eliminator. ML S S i

DOWN EAST MICROWAVE

Don't letits small dimensions (4”'x3”x2"”) fool you—the Grove Bil Otson, W3HQT
s s . . . i . Box 1655A, RFD 1, Burnham, ME 04922
Minituner 1l is a big weapon against images, intermod and @97 83741 =
phantom signals on your shortwave receiver!
This short wave/long wave pre-selector is designed to boost =
tou 8EED CURLYCO DE because it 1a

performance in the 100 kHz-30 MHz frequency range. If you
own one of the popular general coverage communications
receivers and are using an outside antenna, you NEED this extra
measure of selectivity.

No power required. Simply connect between your receiver
and antenna. Equipped for standard PL-259 connections, Only
$39 (free UPS shipping; $5 U.S. Mail/Parcel Post). Order TUN-3.

ng WEW learnlng experien
e RHYTHM grovs am “u ettable”

Grove Enterprises Wy e
140 Dog Branch Road MC, Visa or COD call:

Brasstown, N.C. 28902 1'800‘438‘81 55

- - > 0 O O D D S P P P P P > P> 9

.y
eye at “an spead.
3 REALLY ENOW the =ight
es at wlow apewd ta be
wahing your plateau.

Shop Grove for fantastic values in shortwave ;
receivers, antennas, cable, performance T

t t): $11.%0
Money back guarantes. Phone | TOJ1448-B0NS

boosting accessories and literature. e | s
dINDs: 200ee T15. 5 teertones Rerte 1T
Call (704) 837-9200 or write to above address for free catalog! Oy e i datel w139

» 141

Get %% *CONNECTED to Packet Radio 1986 Summer Radio
m Tfielim)k l Amateur ca" BOOK
-'hﬂ*. Over 150 pages of information exclusively on packet radio @ supplement

17 Chapters including: $9.95 + $3.50 shipping

* Choosing a TNC * Packet protocol for the beginner * Packet Accessories Send $13.45 to:
* How to make your first packet contact * Packet Bulletin Board Operations

$12.95 plus $2.50 for first class shipping and handling in U.S. and Canada. e
Ham Radio’s Bookstore

(see January ‘86 QST page 47 or February ‘86 CQ page 68) R S KV ety Greenville, N. H. 03048

Also available The Commodore Ham's Companion $15.95 GW
L e
i
and Command Post $9.95. rustizning 62708
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THE FIRST NAME IN
ELECTRONIC TEST GEAR

[TET] 35 MHz DUAL TRACE OSCILLOSCOPE

RAMSEY 20MHz
Dual Trace
Oscilloscope

Unsurpassed quality at an
unby able price, the
Hamsey oscilloscope corm
pares 1o others coshing
hundreds more. Fealures
include a component test
ing circuit for resistorn

capacitor, digital circuit and diode testing * TV video sync filter ® wide hi jml
width & high sensilivity ® internal graticule front panel trace rotator ® £ axie

* high sensitivity x-y mode ® regulated power supply @ built-in calibrator ®

rock solid triggering

I al ook on
Was $399.95 NOW ONLY > 306995 [l

- R

NEW RAMSEY
1200 VOM
MULTITESTER

Check transistors, diodes and LEDs
with this profe

Other leature

20K volt metering system = 3

rored scale ® polarity switch ® 20
measuring ranges ® saloly probos ®
high impact plastic case

31 995 test loads and

baltery included

(NEW

RAMSEY D-4100
COMPACT
DIGITAL
MULTITESTER

Compact sized relhability and accuracy.
This LCD digital multitester easily fits in
your pockel, you can take it anywhere
It features Tull overload IJllr‘ ction @ 3!
digit LCD readoul ® reces L
jacks ® ly probes ® dI’JI

tunction * 2000 hours batter

3 2 295 les! leads and

hattery included

A heavy duly and accur
as well as production F ures
& wide Irequency ba
sitivity ® extremely L
Inggering sweep * hold olt & ALT trigger ®
single sweep * TV sync ® 5X magnilic

o XY or XYZ operation ® HF/LF noiso

reduchon

3500 Dual Trace Oscilloscope

v o
-.Eor

e :
e l-er>

ope for ser

include
ptimal sen

display ® dalayed

. T 849995 i
LL OSCILLOSCOPES INCLUDE 2 PROBES

LT3 15 MHz DUAL TRAGE PORTABLE OSCILLOSCOPE

Ideal lor igld/bench applications, this
ay up 1o 15 MHz signals
ick allows up lo @

tion on a single charge

Features inc

chart

® high brightness

trace rotator ® int

battery pack

2500 Portable Oscilloscope

44995 i

MIHI I[I] FREOUENG\' GOI.INTEB

sg 9 95 BATTERY CHARGER NICAD BATTERIES

AND AC ADAPTER INCLUDED

MINI KITS—EASY TO ASSEMBLE, FUN TO USE
BEGINNERS & PROS WILL HAVE A GREAT
TIME WITH THESE KITS

Vicheo Mocdulal,

CT-70 7 DIGIT 525 MHz
Color Organ Lab g ¥ Al a broakihrough price

- e 1 fre h with pre
See MusicC coma | 1V o sl v Bees . . .t

alive! 3 diflerent SOmV @ 150 MHZ tyf

lights flicker with Super Skeulh QUENCY range ® | pRM BCCUTacy

music. One hght A Supor sensilve |||||>| 9 wired includes
s1 1 95 AC adapler

each lor, high P 2 il et wiich will
"
B4 nicad pack

mid-range and pin drog a1 15 ke
CT-50 8 DIGIT 600 MHz

CT-90 9 DIGIT 600 MHz
COUNTER

n $300 F

1 ppm Bccuracy
s 1 GO9S oo

lows. Each indi
vidually adjuslt
able and drives up
to 300 W runs on

T10VAC

ML-1
$8.95

Complete kit

COUNTER

$169°95 ...

§138.9%

FM Wirsless Mike Kit

Taramits up o 300
adcast 1

S any type

$195

.'-,<'I adaples kil 1495

CT 125 9 DIGIT 1.2 GHz
‘ 1 6 9 B8 ytihin

Universal Timer Kit

s 1 4 995, gz ouees

DM 700 kit
MP-1 probe set

PS-2 AUDIO MULTIPLIER

30 Watt 2 mtr PWR AMP
power amp lealutes B Lime ”
tor 1% 4 Wir ]
pdible valye,
ny
PA-1_ 30 W pwr @ il

ompleta wilh al

1. HF sensed T-A reley kil

ACCESSORIES FOR RAMSEY COUNTERS

Telescopic whip antenna—BNC plug

High impedance probe, light loading. iy

Low pass probe, audio use .
Direct probe, general purpose use .
Tilt bail, tor CT-70,90,125 ........

More Details? CHECK — OFF Page 110

$ 8.85
16.95
16.95
13.95

3.95

The PS-2 i handy Tor tugh resolution audio
e JNon moasy

s y ® great lor PL

mullighes by 10 or 100 » 001 Hz res

Buill-in signal preamp/condinoner

34 995 wired
A2

PHONE ORDERS CALL

716-586-3950

TELEX 466735 RAMSEY CI

PS-10B 1.5 GHz PRESCALER

r.| m.u the range of your piesent counler 10
2 amp * divide by 1000 cir

{50 mV typical) » BNC
1 MHz oul = dnves any

$7995

PS 10-B Prescaler

wired includey AC sdapler

TEAMS: » salislaction guaranteed = examine lor 10 days; il nol pleased, return in

original lorm lor refund « add 6
lor surface mail « COD add §2.50 (COD in USA only)
o grders under $15.00 add §1.50 « NY residents add 7
warranly on 81l kits & | year parts & labor warranty on all wired units

$1000 » overseas add 15%:

» 143

Tor shipping and insurance lo 3 maximum of

+ sales tax « 90 day parts

RAMSEY ELECTRONICS, INC.
2575 Baird Rd.
Penfield, N.Y. 14626
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Features Hard-to-Find Tools
and Test Equipment

1995 Julu 16 16082
from Moon
TOEE km ouver

n M0 w

19633 km across

551 GralTrak 11

MO TON LOHDOH

Jensen's new catalog features hard-to-
find precision tools, tool kits, tool cases
and test equipment used by ham radio
operators, hobbyists, scientists, en-
gineers, laboratones and government
agencies. Call or write for your free copy
today
- Depl HR

JENSEN"| 78155 a6 steer

Phoenix, AZ 85044
) TOOLS INC. | 502 9666241
CiralTrak 117 provides realtime graphic display of a a0 progection map which moves under the selected Satellite/Sun/Maoon/ Star L O O B B B ‘
coverage circle and updates once per second . Sphoncal projection views and graphic screen dumps o an IBM/Epson/Ok ponter
can also be produced. Requires an [BM PC, POXT, PC/AT, or true compatible. an 1BM Ci d » 119
compatible, $087 math coprocessor, minimum 256K RAM with S12K recommended, 1205 2 0 or later, and either two 60K floppy
ubserver to 16 satellites, 16 observers to | satellite, schedule for | observer 1o 1 satellite, window between 2 observers and | MULT' BAND TRAP ANTENNAS
satellite, nse and set imes for | satellite, ime ordered nse and set tmes for 16 satelhites, Almanac Tor Sun and Moon, 16 observers

drives of one 360K Noppy and one hard drive
e Sun/Moon, schedule for | observer 1o Moon, window between 2 observers and Moon, schedule for | observer to Sun. Requires —O
enher an IBM PC. PCXT, PC/AT, or true compatible, and IBM Monochrome or IBM Color Graphics Monitor Adapter or ure

SILICON EPHEMERIS™ provides tabular data output to the screen, printer. or disk file Tor the Tollowing operating modes. |

compatible, an optional BOST math coprocessor, 256K RAM. DOS 2.0 or later, and one 360K floppy dnve _Q
Fach package meludes SED. an editor program to construct and modily SatelliteObserver database files. These praducts can be TRAP DIPOLES: .E
run from a hard disk and are not copy protected m:m Bands . Traps  Langih Prics AR
GralTrak 1™ and SILICON EPHEMERIS™ are priced ar $119.95 cach or $199.95 for both Tesas residents add sales tas. Order o T R s 7 Ny
by check, money onder. MasterCand, or VISA Bis WAL R e . 44 1
Silicon Solutions, Ine = PO Box 742546 + Houston, Texas T7274-2846 = (713) 6618727 + 156 “ e '
TRAP VERTICALS-**SLOPERS " ()
pgisnerd mademath o (A 6 wpummien Girnl Tk B s Vol o b phermrt s mbemart s od Sisom S e Vi 4 ' 20040 78 da [
V55 1a 70740/ 80 N ¥
Vs 53 10/ 15/ 20/ 40/ & 'F, TR | L
VS B4 5120040/ 80/ 106 H A e J!
1. . o 1 atsal 1 L
= *Foed kg Can DE Duted if dnsated *lesmanen of Portatie Lse

ALL TRAP ANTENNAS are Ready to use - Faclory assembled
Commercial Quality -Handie full power - Comes complete

. " .
s ; . u
. ' n n " I;@.'E'f y
k l gy - with Defuxe Traps. Deluxe center connector. 14 ga Stranded

- B o CopperWeld ant wire and End Insulators Aulomanc Bang
s accessofies  10s 24 GH:
o Y-

ters, Receivers & Transceivers - For all class amateurs - One
feeding works all bands - Instructions included - 10 day
mongy Dack guaraniee’

SINGLE BAND DIPOLES (Kit form):

Model Bang Longih Prics

Includes assembly instructions, Deluxe center connector, 14
ga Stranced CopperWela Antenna wire and Eng insulalors

COAX CABLE: (inciudes PL-24% connector on each end)

Type  Langth With anfenns parchase  Separately
5 8 7] 3119

DELUXE CENTER CONNECTOR ’9

A. Microwave Assoclates 10 GHz Gunnplexer. Two of these transcelvers can forfn the heart of a 10 GHz Waathat ot CE-1
communication system for volce, mew, video or data transmission, not to mention mountaintop DXing! e ir il Bt $8 95
MAB7141-1 (pair of 10 mW transcelvers) $251.85. Higher power units (up to 200 mW) available. B. Micro- -
wave Associates 24 GHz Gunnplexer. Similar characteristics to 10 GHz unit. MAB7820-4 (pair of 20 mW DELUXE ANTENNA TRAPS: c
transcelvers) $730.20. C. This support module |s designed for use with the MAB7141 and MA87820 and : Compietely sealed &
provides all of the circuitry for a full duplex audio transcelve system. The board contains a low-noise, weatherproal -Solid brass terminals _'_'-:fnllfr'- Full
30-MHz fm recelver, modulators for voice and mcw operation, Gunn diode regulator and 4 pply Power - NO jumpers - NO -‘w'de'-mi
Meter outputs are provided for monitoring received signal levels, discriminator output and varactor tuning "'a"U_l‘ --"t!utlt'h
voltage. RXMR30VD assembled and tested $119.95. D. Complete, ready to use communication system - .. Ford Jipole Ant
for volce or mew operation. ideal for repeater linking. A power supply capable of dell g 13 voits dc ’ 40/ ._S\Ir_fl-‘u
at 250 mA (lor a 10 mW version), microphone, and headph and/or loudspeaker are the only additional = For 5 pang I-Il:a-f Anl
Items needed for operation. The Gunnpl can be d for remote mounting to a tower or 2 or 4 - BO/40/20/ 15410
foot parabolic antenna. TR1AGA (10 GHz, 10 mW) $399.95. Higher power units avallable. TR24GA (24 GHz, $38 00/pr
20 mW) $639.95. Also avalisble: homn, 2 and 4 foot para- ORDER DIRECT FROM FACTORY. Al oroers smpped U5
bolle , Gunn, tor and d diod Postpand. VISA/MC - give card #, Exp date, Signature
osclliator modules, waveguide,
nd'ﬂﬂf@d l.i.angum f'i?iﬁﬁ.?‘é‘.".n'"?:m.«uw tnfm" m Let SPI-R0 MANUFACTURING, INC.
Receiver ARR take you higher with quailty 10 and 24 GHz equioment! Dept. 103, P.0. Box 1538
Hendersonville, NC 28793

ﬂ escecarc h E Dealer Inquiries Invited ;

[~ X
Box 1242 e Burlington CT 06013 e 203 582-9409 : w120
» 136 Tell ‘em you saw it in HAM RADIO!
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e Linear (all mode) RF power amp with
automatic T/R switching (adjustable de-
lay). Amplifier useable with drive powers
as low as Yz wall.

» Receive preamp option, featuring GaAs
FETS (lowest noise figure, better IMD).
Device NF typically .5 dB.

e Thermal shutdown protection incor-
porated

* Remote control capability built-in

¢ Rugged components and construction
provide for superior product quality and
performance

= All models include a complete operating/
service manual and carry a factory war-
ranty on all components

# Designed to ICAS ratings, meets FCC part
97 regulations

e Approximate size is 28 x 5.8 x 10.5" and
weight is 5 Ibs.

L Specilications/price subject to change

( DESIGN EVOLUTION IN RF P.A.’s |

Now with
GaAs FET

A

&

Q‘K",

(MHz) (W)

0508 o0-54 170 1
0508G | 50-54 170 1 6 15
0510 5054 7o 10 = -
0510G 50-54 170 10 (5} 15

1410 144-148 [160 | 10
1410G | 144-148 160 | 10 ] 15

1412 144-148 | 160 | 30 -
1412G 144-148 | 160 | 30 ] 15

2210 220-225 [130] 10

2212 220-225 [130] 30

2210G | 220225 1130 10 7 12
2212G | 220-225 |130 ]| 30 7

4410 420-450 |100 | 10
4410G | 420-450 [100 ] 10 1:1 12

4412 420-450 100 | 30 =

4412G | 420-450 100 ]| 30 1.1 12

2. Covers full amateur band. Specify 10 MHz

1. Models with G suffix have GaAs FET pre-
amps. Non-G suffix units have no preamp

Bandwidth for 420-450 MHz Amplifier

*SEND FOR FURTHER INFORMATION %
TE SYSTEMS

TE P.O. Box 25845
Los Angeles, CA 90025
AT (213) 478-0591

J

HAM DATA
C-64 Software

SUPER LOG
Super log gives you all the advantages ol a com-
puterized data base without significantly changing the
traditional log format. For contesters, Super Log can
be configured to either manually or automatically
enter contac! number as well as time of contact
Make an error and you can easily go back and edit
the entry. Super Log also allows you to print out
either selected contents or the whole log. Will print
0SLs

HD-SL (For C-64) §19.95

CONTEST LOG
This disk contains four different conlest programs,
ARRL Sweepstakes, Field Day, Universal WW Contest
log, plus a dupe checking routing. Each program Is
designed for real time use. It automatically enters
date, time, band and serial number for each contact
A 24-hour clock is displayed at the top of the VOT
screen. When the contest is over, the program will
print your results hsting all duped and scored con
tacts in serial sequence with all the necessary infor
mation as well as completed score at the botlom of
the page

HD-CL (For C-64) $24.95

MASTER LOG
Over three years ol development went into this pro-
gram. It creates a file of 2100 individual records
with up 1o 13 ditferent entries per record. Master
Log can do a search and selecl based upon time
frequency, mode or any of the other vanable
parameters. 1! keeps track of DXCC and WAS stalus,
prints QSL labels and can search ils whole file in
less than 5 seconds! Complete documentation is
included to help you learn and use this truely state-
ol-the-art logging program

HD-ML (For C-64) $28.95

Please enclose $3.50 for shipping

HAM RADIO’S BOOKSTORE
Greenville, NH 03048

More Details? CHECK — OFF Page 110

» 161

SPRING SUNSPOT
SALE!
SAVE $700

COMPUTERIZED DX EDGE
Generate your own Greyline display.
Xantek has adapted their best selling DX
Edge to the computer world and it
comes at a very reasonable price. This
computerized operating aid brings into
your ham shack the ability to know and
predict when and where DX is going to
appear. When you are using the pro-
gram, the computer will automatically
update the information as the sun
progresses across the face of the Earth
To make the computerized DX Edge even
easier to use, the display is keyed to the
DXCC list and the 40 CQ zones. Disk and
documentation included. This is some-
thing you've Got to have! ©11985.
XN-C64 (For Commodore C-64)REG 34.95

<= Now JUST $27.95 &P

Plgase add 53 50 lor postage and handling

Fadio... BOOKSTORE
GREENVILLE, NH 03048

PacComm

GIVES YOU MORE

« Official TAPR TNC-2 Design

= Standard AX 25 Version 2 Protocol

« Full Duplex Hardware HOLC

« 16k Battery Backed-up RAM

» 32k EPROM, Software Clock

« Latest Mulliconnect Software

« Level 3 Networking Compatibility

CMOS NMOS
$21995 519995
$169.95 $15485
Full kit wio cabinel $14495 $12995
Hard-to-flind pans $B485 § 7995
Bare PC board § 3995

Assembiled and Tested
Full kit w/ cabinet

PTU-200
Packet Tuning Indicator/HF Modem

« Single push button selection of HFVHF

« Active bandpass lilter helps copy in ORM

= 20 segment red LED bar graph display

= Internal TAPR-design modem

+ Power switch contrals both PTU and TNC
Assembled and tested Full kit
Compelitively priced, call July 15

PC-100
Dual Port Packet Controller
= Dual pon TNC on a halt size PC card
* Use with your PC or compatible
» TNC soltware included
+ Dual 300/1200 high performance modems
* Provisions for high speed external modem
» Use as Network Controller, Gateway, elc
Assembled and tested...... $189.95
Full kits from.......... $149.95
Call about purchasing bare boards

PC-PACKET
Terminal Software for your PC

= Split screen or muthi-color display
* Muliple, scrofled pages of rec/xmit bulfer
* Fully configurable PC and TNC parar 5
« Works with all TNC's (in¢luding GLB PK-1)
* Pop-up windows lor operator interface
= User-delinable funclion keys
« Printer/disk logging. DOS access

Available now for only.....$49.95

MACPACKET

Terminal Software for Macintosh
* Pull- down menus, spiit screen, tile xlers
= Automatic routing and more $69.95

FREE SHIPPING IN CONTINENTAL USA
Ask us aboul our volume discount program
Dealer inquiries welcome

ORDERS ONLY CALL
1-800-835-2246 ext.115

W SALES/TECH INFO CALL
— 813-689-3523
Fla. addresses mus! add 5% sales lax

Pac-CoMm PACKET RADIO SYSTEMS INC.
4040 W KENNEDY BLVD, TAMPA, FL. 33609

L TELEX 6502881526mci v MtlJ
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Get lightning, EMP and  Joefiry i ’

BLACK DACRON® POLYESTER

: ; = - N-type connectors for
| statlc protection - ANTENNA ROPF
_ — o) | g e y A= :

SUV-PROTECTED
®HIGH ABRASION RESISTANCE
SREQUIRES NO EXPENSIVIE

i eI

| POTTING HEADS

< p SEASY TO TIE & UNTIE KNOTS
With EMP Series TranSI-Trap@’ Surge Protectors ®EASY TO CUT WITH OUR HOT KNIFE
Model R-T and LT EMP Series tive, best for RCVRS and XCVRS. ®SI2ES: 3/32%  3/16"  5/16Y
Arc-Plug® cartridges are designed 2 KW models designed for ampli- ®SATISFIED CUSTOMERS DECLARE
to protect against nuclear electro- fiers. For maximum protection use EXCELLENCE THROUGHOUT U.S.A.
magnetic pulse (EMP), as well as both, with 200 W model between
lightning surge voltages. XCVR and AMP. All models include LET US INTRODUCE OUR DACRON®
The EMP Series design is based replaceable Arc-Plug cartridge and ROPE TO YOU ® SEND YOUR NAME
on the National Communications are deStgned for 50 ohms. AND ADDRESS AND WE'LL SEND YOU
System Technical Information UHF “‘T-type”" Connectors, for use e
Bulletin 85-10 covering EMP protec-  through 30 MHz: e el
tion for communications equipment. MODEL LT, 200 W .. ... .. $19.95 S = it
All Transi-Trap Protectors feature Super Ruggedized Super Low Loss % 1g?1ileas.iﬁc_
“isolated ground” to keep damag- Models (0.1 dB at 500 MHz), for \ =R S J

ing arc energy from the chassis. use through VHF/UHF, with UHF
. ¢ connectors:
Don’t hook up your coax without one! MODEL RT, 200 W . . .. . .529.95
The 200 W models are most sensi- MODEL HV, 2 KW . ... ... $32.95
ﬂt %cluyr A:&ha Dfi'gtamdealer, Or order direct in U.S.; add $2 for postage and CANOPIES
andling. Master i [ i
g ard and VISA accepted. Ohio residents add Sales Tax. All weather protection

i“i E See Data Sheet for surge limitations. for outdoor shows

SLANT, PEAK OR FLAT ROOFS
FREE STANDING - FAST SET-UP
. . : NO TOOLS REQUIRED -
P O Box 571, Centerville, Ohio 45459  (513) 4354772 AA SNAPS TOGETHER
» 130 WHITE OR BLUE TARPS
S s e S S S, P S v e e S mm FITS IN THE TRUNK OF A CAR

SPECIALIZED COMMUNICATIONS g
FOR TODAY’S RADIO AMATEUR!

PACKAGE COMPLETE -
READY TO USE
MONEY BACK GUARANTEE

Free brochure on request
DEPT H

Elﬂill(’ P. 0. BOX 261
Marin "
— '"c i v 132

If you are ACTIVE in FSTV
SSTV, FAX, OSCAR, PACKET,
RTTY, EME, LASERS, TVRO,

or COMPUTERS, you need
“THE SPEC-COM JOURNAL™”’ MICROWAVE EQUIPMENT
NOWIN OUR 18TH YEAR OF SERVICE! For easy test and adjustment ot 2.3 GHz
PUbliShod 1 0 Timas g;c.:\mr;uelrz:‘f::::s display for

By WBQQCD centar frequency. 100 MHz/cm
horizontal and 5 MViem verhcal
sensitivilty
An AMSWG-2 1.3.0 Sweep Generator - $144.00,
AMUDD-12 Detector - $24 00, RAMLS-2 Line Stretcher/
dc return - $19.00, 20 & 30 h. RG-58 cables (at-
tenuators) and an oscilloscope with & MVicm vertical
sansilivity ware used in this lest
2.3 GHz Bipolar Ampliier (AMBLA 2.3) +12 VDC,
Greather than 14 dB gain al 2.3 GHz - $45,00 2.3 GHz
GasFet Amplitier (RMGLA - 2.3) +5VDC. Greathar than
15 dB gan at 2.3 GHz - §70.00. 2.3-2 45 GHz Signal
Ganerator (AMSG-5) 8-30 VOC - $55.00
Prices include postage/handhng It order incluges check
or M.O. FOB Brooktieid, MO for C.0.D. or charge orders

ROENSCH MICROWAVE
R.A. 1, Box 1568, PH: 816-895-5431 ﬁ

CALL TOLL-FREE 1-800-628-2828 ext. 541

...and place your subscription order today! Our membership Services
HOTLINE is good for all 50 U.S. States including Hawaii & Alaska and ALL of
CANADA! U.S. subscriptions $20 per year. Foreign slightly higher. A Master Ar-
ticle Index Special Issue is available for $3.00 postpaid.

@a THE SPEC-COM JOURNAL (e
ape' P.0. BOX H, -
LOWDEN, IOWA 52255

BROOKFIELD, MISSOURI 64628
»~ 133
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products

personal pocket DMM

This compact, inexpensive, new instrument
from North American Soar features simplicity of
operation and rugged design. The fully autorang-
ing Model 3010 doesn’t require fuses because
it's electronically protected from operator mis-
use. Even applying 250 volts AC to this meter
in the ohms position won’t hurt it.

Several features, such as permanently mount-
ed test probes that can't be lost or connected
incorrectly, have been added to ensure good per-
formance in the field. The lightweight design,
durable ABS plastic housing, and the carrying
case all afford “drop-proof' protection at mod
est cost: only $29.95.

For further information, contact North Ameri-
can Soar Corporation, 1126 Cornell Avenue,
Cherry Hill, New Jersey 08002.

Circle #302 on Reader Service Card.

new IC-28A and IC-28H
2-meter mobiles

ICOM has announced the availability of the
new IC-28A 25-watt and IC-28H 45-watt packet-
compatible 2-meter rigs with all the features
necessary for mobile operation. These features
include compact size (the IC-28A measures 5-1/4
x51/2 x 2 inches, the IC-28H 7-1/4 x5 1/2 x
2 inches) and a large LCD readout with an au-
tomatic dimmer circuit to reduce brightness.

The units operate from 138-174 MHz, with
specifications guaranteed from 144.00-148 MHz,
making them ideal for MARS and CAP opera-
tion. Twenty-one memory channels are includ-
ed. It's possible to scan the entire band or the

memory channels from the provided HM-12 mic.
Easy to operate, each unit features only 11 front
panel controls.

Options include the IC-HM14 DTMF mic,
PS-45 13.8V, BA-power supply, UT-29 tone
squelch unit, SP-10 external speaker, HM-16
speaker mic and HS-15/HS-155B flexible boom
mic, and PTT switchbox.

For information, contact ICOM America, Inc.,
2380 116th Avenue N.E., Bellevue, Washington
98009-9029.

Circle F303 on Reader Service Card.

antenna switch

MFJ Enterprises, Inc., is now producing the
MFJ-1701, a six-position antenna switch that
allows switching antennas with the turn of a
knob. It organizes tangles of coax cables and
eliminates the need to keep plugging in and
unplugging cables.

The MFJ-1701 retails at an affordable $29.95
{plus $5.00 shipping and handling). The equip-
ment is mounted in a rugged, yet handsome,
black aluminum cabinet that matches most rigs.

This six-position antenna switch has S0-239
connectors, negligible insertion loss, low VSWR,
and low crosstalk between adjacent outlets. All
unused terminals are automatically grounded for
static/lightning/RF protection. The MFJ-1701
can be used for 52- to 75-ohm systems and can
be mounted with equal ease on a desk or on a
wall, In addition, the MFJ-1701 handles 2000
watts SSB or 1000 watts CW.

This product is backed by MFJ's one-year
unconditional warranty. If ordered directly from
MFJ, it has an additional 30-day guarantee —
return it within 30 days for a full refund (minus
shipping and handling) if not completely
satisfied.

For details, contact MFJ Enterprises, Inc.,
P.O. Box 494, Mississippi State, Mississippi
39762.

Circle #304 on Reader Service Card.

new amateur equipment
from Heath

Four new Amateur Radio kit products have
been introduced by Heath Company, the world's
largest manufacturers of high-technology elec-
tronic kit products. The new products are the
HD-1420 VLF Converter, HD-1422 Antenna
Noise Bridge, HD-1424 Active SWL Antenna,
and the HD-1530 Touch-Tone Decoder.

The HD-1420 Very Low Frequency (VLF) Con-
verter allows a standard shortwave receiver to
tune the 10 to 500 kHz band using the receiver's
3.5 to 4.0 MHz band.

The HD-1422 Antenna Noise Bridge is a use
ful antenna tuning aid which reveals the cause
of any mismatch between a station’s transmit
ter and its antenna

The HD-1424 Active SWL Antenna allows a
shortwave radio to receive signals between 300
kHz to 30 MHz.

AUTHORIZED KENWOOD
I-COM RADIO DEALER

H. L. HEASTER, INC., 203 Buckhannon Pike, Clarksburg, W
Va 26301 Clarksburg Phone (304) 624-5485 or W Va Toll
Free 1-800-352-3177

HARDLD HEASTER, KABOHX, 91 Ridgefieid Place, Ormond
Beach, Fi 32074 Fionda Phone (904) 673-4066

NEW NATION-WIDE TOLL-FREE TELEPHONE 1-800-84-RADIO
1-800-84- 72346
Call us for a quotation, WE WILL SAVE YOU MONEY!

WORLD-TECH PRODUCTS

SALE PRICE
34.95

List Price %44.%

Model
M3111A (S)

KNOW THE TIME

ANYWHERE - EVERYWHERE - INSTANTLY

® 12/24 Hour Time Piece

* [ual Dial World Time Clock

® Fasy to read local time in cities around the world

® (old or silver time pece handsomely displayed in a smoked acrylic
or cear stand

« [aylight/Nighttime shown on 24-hr dial

® Acturacy assured to + 15 seconds per month with quartz movement

* Time piece diameter 6", height &, width 8 Lises 1°AA” battery,
not included

ORDER YOUR CLOCKS TODAY

CALL [813) 442-5862
Fonda residents add 5% Please add 290 for shipping

or write. 1233 Kapp Dr ., Clearwater, FL 33575

» 135

Sub Problems?
Contact Sue. She’ll
fix it for you!
(603) 878-1441

Ham Radio
Greenville, N. H. 03048
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BUTTERNUT
HFBV BO-10 vertical 125.00
HF2V B0-40 vertical 114.00
2MCVS 2ZMT vertical 52.95
AMKII roof mig kit 4195
TBR160S 160m aod on 45,00
MPS mig. post sleeve 5.50

AND MORE!
CUSHCRAFT
A4 4 ¢l triband 300.00
Ad d el tnband 224.00
R3 10,15.20 remote tuned

vert 27595
AVS 5 band trap vert 105.00
3219 19 ¢l. 2ml. boomer 9695
215W8 15 el wide band 2mit

boomer 79.95
4248 24 el. 70cm boomer 82 95
41678 16 ¢l OSCAR 435

MHz
AV44-107 10 ¢l OSCAR 145.9

MHz
ADP-1 OSCAR pack 2mi &

70cm 50.00
AR-2 2mt vert. nngo 2450
ARX-2 2mi. vert. ringo

ranger 30.00
ARX28 2mi. vert. nngo ranger

n ¥

AND MORE!
HUSTLER
BBTV 6 band trap vert 128.95
58TV 5 band trap vert 108.95
BTV 4 band trap vert B4 95
G7-144 Fix stat. 2mt

collinear 116.95
MO-1/M0-2 mobile mast 2195
RM1/AM15  10m-15m resonator

(sta) 11.95
RMI0S/AM15S super resonalor 16.95
RM20/AM20S  std. & supes

resonator 15.85/21.95
RM30 30mi. sid. resonator 1695
RAMAO/AMA0S  std. and super 17 95/2595
AM7S/RAMB0 75 or B0 sid 18.95
RM7SS/RMBOS 75 or BO super 36.95
BM-1 bumper mi 15,95
S5M-2 stainless ball mt 17.95
S5M-1 stainless ball & spring

mi 3295
aD-1 quick disconnect 13.95
SGM-2 2mt. 5/8 mag. mt 2895
HOT Trunk mi. w/swivel

ball 16.95

AND MORE!

RTTY-AMTOR
Packet

ATTY—AMTOR—PACKET

EEB is one of the few Amateur dealers that actu
ally demonstrates the Milest high tech equip
ment. We test every new item and only sell what
we feel confident with. |1 you are considenng
Packel, call us and we'll sell you the best. (Ask
for Scotl, WRAS or Ted, AA4GM al 703-938
33500. 11 you are i the DC area, stop in and
marvel at our dedicated RTTY room

PAKRATT PK-64—World's Best

Price/Performance Ratio

The Pakratt-64 is the world's first five mode in

one Amatewr Radio smart data controlier

5219 95

NEW! PK-80 Packet Controller

Uthzes TAPRII board-factory wired for all

RS-232 compatible compulers

Now at $219.95

CP-1 AEA Compuler Paich™ Inlerface

Convert your personal compuler ana transceiver

into a full featured ATTY station w/ the CP-1

Computer Patch interface and software by AEA

« Now available for the Commodore 64

= Complete with cables for the AEA CP-1

= Keyboard overlays and manual § CALL

» R5-232 option availabie

KANTRONICS UTU

Now Available at EEB

* Can be used on CW, ASCII. AMTOR and
RTTY

« Easy for beginners

o
EER is Bud's No 1 East Coast Dealer

Large inventory Package Deal § CALL §
Bird 43—elements—loads

HY-GAIN
THTDXS 7 el triband 530.95
THSMK2S 5 el tnband 457 95
EX-14 4 ¢l triband 362 95
TH3JRS 3 el 750W pep 218.95
1BAVI/WBS 5 band lrap ven 121.95
14AVO/WBS 4 band Irap vernt 7495
V25 2mt. omni-direct 5095
V4 T0em omni-direct 50.95
HB144MAG 2mt mag mt 21.95
AND MORE!
KLM
KT34A triband 4 el 337 85
KT34XA triband 5 el 48595
2M-14C 2mL. satellite B87.95
2M-22C 2ml. sateliite 117.65
435-18C 70cm satellite 113.95
435-40CX 70cm sateliite 155.95
MOSLEY
TA33 3 el tnband 239.00
TA33JR 3 el triband 178.00
CL36 6 el tnband 359.00
CL33 3 el triband 265.00
PRO37 7 &l triband 465.00
VAN GORDEN
PDB010 B0-10 dipole kit 3495
PDB040 B0-40 dipole kit 32 50
PD4010 40-10 dipole kit 3095
5080 80 shortened dipole 28,95
SD40 40 shortened dipole = 25.95
ALL BANDER  160-10mt 28.95
AND MORE!
LARSEN
LM150MM 41.90
NLA150MM 4590
NMO150MM 4590
KD4-142-HO 16.95
AND MORE!
CABLE & CONNECTORS perit,
Beiden 9913 49¢cis
Columbia RG 213 32cts
RGA/U 29¢ts
RG 8X 15¢cts
RGSS/U ldcts
PL258/Silver 11071 .48
N-Male for B/U 400
BNC(M)-UHF(F) 4 80
AND MORE!

Towers

10° sect

lop secl 48.00
256 10" sect 51 50
25AG 2.3 top sect 6210
45G 10 sect 11550
45A6 2.3 top sect 126.00
AS25G access shell 15.00
AS45G access shelf 48.75
T8-3 thrust bear 53.95
M200 10* mast 22.25
SB25G short base 26.25
SB45G shor! base 49 50
EF25456 gin pole 187 50
HY-GAIN ROTORS
T2X 20sq ft 315.95
HAM IV 1550 1 262 95
CO451 BSsqg h 164.95
KENPRO ROTOR
KR-500 elevation 12 sq. 1t 161.95
ALLIANCE ROTOR
uno Isg 4800
DAIWA T50E ROTOR
Com These Specs & Pricing-
MR7 1 Motor 2 Maotor 4 Motor
Wind
Load
Sq F 16.1 215 30
Tum
Pwr
Lbs 610 1200 2400
Break
Pwr
Lbs 5200 9600 18300
Price $25000 S340.00 S520.00

Addihonal Motors $90.00 Preset Add $55 00
Free U.S. Great Circle Transfer Map w/Rotor
ALINCO "'QOuad Pod'' the perfect match for
lodays antenna installations, i e OSCAR sys
tems, bght HF beams, VHF-UHF beams
4 legs—strong—rotor plate—accepls optional
thiust bearing, bghtweight, durable aluminum
construction—easy nstallabon
6"

ETS-120 $ 67.00
ETS-150 55 $ .00
ETS-180 67" $ 9500
ETS5-210 9" $107.00
AAZ.TA Thrust Bear $ 3600
AAZ-7 Rotor & Control $121.00

See Alinco Ads for Details

TET
HB433SP - 40, 15, 10, 3 el

24495
MVIAH 7.21.28 ven 48.95
MV3AHR 7/21/28 vert 80.45 with radio
MV3IBHR 14/21/28 vent B0.45 with radio
MLA-4 loop 3.57121/28 139.95
S0-10 28 MHz Swiss Ouad 118.95
SaY.06 2mt. Swiss Ouad 5595
MISC.
Alpha Delta Twin Sloper 4995
Larsen KD4-150-HO 16.95
Larsen Dual Banders 38.45
Unadilia 1:1 17.95
Ant. Spec. AP151.3G 3450
X-Panda Five 14.95
Lightning Arrestor UHF-M-F 380
Butternut HF38 165.00
Hustler UGM 1995
Untenna Dual Band 51.00

Radios

ALINCO ALR-2067 SPECIAL § CALL

¢ 5 & 25 watts—10 Ch memory

e Scan contral on Mic

= Built il Sub Audio Tone

= The ALR-206T is the safest mobile rig on
the markel. No need lo take your eyes off
the road—COMPLETELY PROGRAMMABLE
FROM MIC

ALINCO ALM-203T SALE § CALL

Don't buy any HT unul you study this fantastic
unit. Programmability identical to ALR-2067
You only need lo learn one radio when you have
both tull featured, scan, memory, 5 watts, 2 sub
autio tones, Receives 140-160 MHz

ICOM R71A HP—High Performance

EEB has modified the world class R71A and
enhanced its performance beyond the
manufacturer's dream

= 24 hour bench lest and 6 month war-
ranty

« 55B filter upgrade 1o improve AM Narrow-
G5B-selectivity and dynamic range

Front end upgrade improves dynamic range
plus preamp enables operation below 1
kHz

4 kHz filter replaces 6 kHz wide fiter—
improves AM selectivity

Audio output upgrade gives more audio at less
distortion—maore easy listening

AGC time constant for optimum AGC control
Shotkey diodes lof clear sound-increased per-
formance

Spike protection installed al the pwr. supply
for max spike and surge protechon

Final check out alignment

We also install ICOM options al no charge
R71A HP MF Mechanical Filter add $200.00
1o RT1A

R71A HP XF 8 pole Xtal Filter add $250.00
1o R7T1A

R7T1A HP XFS 2 1 kHzXtal Filter add $300.00
1o RT1A

RT1A 24 hour tested—no mods $669.95
ICOM R7000 VHF/UHF $849.00

EER will offer a R7000 HP—Detail Release
date July B6

MEC T

Now you can control & enhance the perfor-
mance of ICOM R71A, 751A, 271A, 4714,
1271A withe amazng MEC 71a compuler
interface for the C-

* Display 1 print & receive memories

= Store or log 705 memories w/computer
* Unlimited memory w/Disc storage

= Keyboard entry or freq., mode, memory scan
Get all the detals—Call or write today

MEC 71 Introductory Price at $199.95
Established Dealer Inquiries Invited

..

M| ELECTRONIC

EEB| EQUIPMENT
| paNk

516 Mill Street NE
Vienna, VA 22180 USA

Prices & specs subject fo change
Shipping charges not included

Returns subject 1o 20% restock charge
Free catalog n USA, all other 3 IRC's
ORDER TOLL FREE B00-368-3270
Tech Info—VA orders 703-938-3350
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The HD-1530 Programmable Touch-Tone De
coder is used in series with the speaker of a re
ceiver or scanner.

These Amateur Radio products are just a few
of many products offered by the Heath Com-
pany. To receive a free copy of the current cata
log, contact Heath Company, Department 150
592, Benton Harbor, Michigan 49022. (In Can-
ada, write Heath Company, 1020 Islington Ave-
nue, Department 3100, Toronto, Ontario, M832).

Circle £305 on Reader Service Card.

miniature VHF
GaAs FET preamps

Low in cost and small in size, these new am
plifiers from Hamtronics are easily used in a var-
iety of applications. Amplifiers in the LNW series,
available in eight different models tuning from
25 to 500 MHz, are designed around dual-gate
FETs that provide stable operation over a wide
range of load impedances. At frequencies be-
low 120 MHz, gain runs from 22 to 28 dB with
a typical noise figure of 0.8 dB.

The price is $19 (in kit form) and $34 (assem
bled and tested). Further details on these
preamps and many other Hamtronics products
are available in a 40-page catalog available for
$1. Contact Hamtronics, Inc., 65-F Moul Road,
Hilton, New York 14468-9535

new software for
RC-850 repeater controller

Advanced Computer Controls, Inc. has an-
nounced Version 3.4 software that adds many
new features to repeater systems.

The controller’s autopatch is enhanced to sup-
port multiple telephone lines, including up to
three remote phone lines linked by radio. Remote
phone lines allow autopatch and autodial serv-
ices on repeaters at inaccessible sites and allow
the repeater's patch coverage to match its RF
coverage, with calls automatically directed to the
proper line.

Additional access and control modes allow
custom tailoring of PL and touchtone access to
the repeater. Eight hundred individual user-
access codes may be enabled and disabled by
the repeater owner, for secure controlled access
to selected functions.

Four links or remote bases are supported, with
touchtone command entry permitted from the
remotes. Additional remote base frequency
memories are included, with programmable
memory name responses.,

Numerous additional paging formats are sup
ported for selective call to users with decoders
or paging receivers. New formats include five-



tone sequential, DTMF, CTCSS, and HSC for
numeric display paging. Pager information is
stored in memories for easy two-digit reference
1o any pager.

Available to all current owners, the software
is supplied in 48K of EPROM, plus an 8K RAM
upgrade.: The non-volatile EPROM memory is
optionally upgradable to 8K. The upgrades are
included as standard in newly shipped
equipment.

1y ap_-ﬂﬂl':’f""-’" wfm“ e

¢ ‘I
For additional information, contact Advanced
Computer Controls, Inc., 10816 Northridge

Square, Cupertino, California 95014.
Circle #306 on Reader Service Card.

Kantronics Packet
Communicator |I™

The complete Kantronics Packet Communi:
cator Il (KPC-2) is an AX.25 Version 2.0 TNC that
features a completely new design, the latest in
technology updates, and over 100 software com-
mands. A serial RS232 or TTL port allows con
nection to any computer. KPC-2 is also
compatible with existing TNCs. The unit is ready
lo use and easy to operate.

Priced at $219, the KPC-2 is compatible with
any computer having a serial, asynchronous 1/0.
It offers standard computer-to-communicator
baud rates between 300 and 9600, and packet
radio baud rates of 300, 400, 600, and 1200.

Software selectable VHF and HF modems are
included. Six software selectable tone pairs in-
cluding Bell 103, 202, CCITT V.21, and CCITT
V.23, and full duplex capability are also featured.
Full 16K is RAM standard, with memory expand
able to 32K RAM.

Any terminal or communications software pro-
gram can be used to establish communication
between your computer and the KPC-2.™ Kan-
tronics offers Pacterm'™, a special packet ter
minal program for many popular computers.

Power supply, connectors, and cables are
provided with the KPC-2, but the user must sup
ply the transceiver mic jack and the computer
RS232/TTL connector.

For information contact Kantronics, Inc., 1202
E. 23rd Street, Lawrence, Kansas 66046.

Circle 1307 on Reader Service Card.

new Transi-trap™

Alpha Delta has just announced availability of
a new improved vesion of its Transi-trap™
electrical surge protector.

The Transi-trap "Arc-plug” has been re
designed to meet industrial and governmental
protection standards for protection against Elec
tromagnetic Pulse (EMP), in accordance with the
National Communications System report, NCS
TIB 85-10. The new ““Arc-plug” has a DC clamp
ing level of 350 volts to provide proper transmitter
protection. The pulse clamping level (per NCS
EMP test: 4,500 volts at 50 ohms) is 230 volts.
The unit will respond in 80 to 100 nanoseconds
and has a very low interelectrode capacitance
of less than 1 pF

For more information, contact Alpha Delta,
P.0. Box 571, Centerville, Ohio 45459.

Circle F308 on Reader Service Card.

hidden signals

Universal Electronics has announced the re
lease of the second edition of The Hidden Sig-
nals on Satellite TV, the first book to completely
cover the field of non-video satellite services car
ned on domestic satellites.

These services include stereo subcarriers, tele
phone channels, world news and press services,
Teletext, and other VBI Systems, Single Chan
nel Per Carrier (SCPC) Systems, plus other data
and business services.

Hidden Signals deals with all phases of this
expanding side of the satellite business: the sys-
tems, how they work, who uses them, how they
are received, and how the services can be util-
ized. Despite its sophisticated content, the illus-
trated 240-page book is easy to read and
understand.

The book is available for $19.95, plus $2.00
shipping and handling from Universal Electron-
ics, Inc., 4555 Groves Road, Suite 13A, Colum-
bus, Ohio 43232, (Also available from Ham
Radio’s Bookstore, Greenville, New Hampshire
03048 for 5$19.95 plus $3.50 shipping and
handling.)

Circle #1309 on Reader Service Card.

ICOM REPEATER
PROGRAM UPGRADE

The RPS-1 15 an entirely new repeater program written for the ICOM

REPEATER controlier board that will add NEW FEATURES and CUS

TOM PROGRAMMING to your ICOM RP 1210, RP-2010. and

RP-3010. The RPS-1 will take your genenc sounding repeater and

give it @ whole new personakly

New CW 1D operabion prowdes two Separate ow i messages. and

can include aty/state. of club name Plus e ow messages e sent

al the speed you reques!. The new Courtesy Beep tone prompl al

lows a short courtesy warl penod betore beeping and resetting fhe

tmeout mer — whele he repeater ransmetier stays on. New bmeout

operabon clears tmeout immedately with no down delay. and pro

Wides Cw wWarming messages o reduce contusion Custom program

ming of all ow and Wimeng palamelers

The ICOM REPEATER 15 a well banll, rebable repeater. and adding

the PROCESSOR CONCEPTS APS-1 will add new features and per

sonahized programming 1o make a good repeater even befter

* TWO SEPARATE CW ID MESSAGES
« PRE-TIMEOUT CW WARNING MSG

POST TIMEOUT CW MSG

DIRECT EPROM CHIP REPLACEMENT

COURTESY BEEP TONE PROMPT

TIMEOUT RESET ON BEEP

GHOICE OF CW ID SPEEDS

= EASY TO INSTALL

APS-1 PROGRAMMED MEMORY and MANUAL only $74.00

plus £3.00 shipping

PHOGESSOR CONCEPTS

MINNEAPOUS HN 55432
(612) 780-0472 7 pm-10pm evenings
CALL OR WRITE FOR FREE SPECIFICATIONS AND
PROGRAMMING ORDERA SHEET

e

v 127

45 Pz ATV frequencies This
* 15 lack enta the the 4TS 24 My

50 db, $220 MHz - -6

The past-band 14 A70-44%5 Mue
wory stable under variying DC wpul Con
g 20 db with wpul and sutpul turge
Tutput 15 via & type °F

vergion gain
protection input s ¥

¥ approxima
fype “n connector

connector Sire NI I17%9 x95 w15
$96 50
QUANTITY PRICING AVAILABLE FOR GROUP PURCHASES |
TECHNICAL DEVELOPMENT SYSTEMS
3608 CHARLES STREET
FORT WORTH, TEXAS 76118
(817) 284-4290
TERMS: money order, certified check UPS
cash COD. Allow 2 weeks for personal or
compeny checks to clear. Add $4.50 for
shipping & handling. Texas add 5.125%
stole sales tax

128

MULTI-BAND SLOPERS

ALSO OWOLES & LINTED-SPAC
Cnst i anding Bae formanc of WEINN sntemnen
oy Ml Band BIG-SIGNAL 1eportel Aul
iow SWH Coss leed - Jvw power - Comosc! -
10 your specilied cenies frmguency sach bend -
low protiie « Complale inslruciions - Tour pe

- 00, ADM
.- HO"I.F Mll 0 80 a0m
L]
m lﬂ(i Wlllml 180 theu 10M*
wide-range (unet (B0, 40, 20. 15M withoul Tunes

WIINN ANTENNAS ——5iF
BOX 393-H ML 'lOS.((T (18 60050

SAY YOU SAWIT
IN
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* REALLY cramped for space?

= Wanta10, 15 or20M concealable or portable antenna?
= Want a “bird dog” for your beam?

= Want 40M in a small space?

* Want to try the new WARC bands?

MICROLOOP

These compact
monoband loops -'.‘*
provide omnidirec
tional (no rotator)

}4_54H

horizontally-polanzed 20M

(low-noise) coverage MICROLOOP

when parallel to :
SHOWN

ground, or perform-
ance approaching a
fulk-size dipole when
vertical. Tunable
(SWR < 1.5:1) to your
favorite band seg
ment via built-in
adjustable coaxial
capacitor capable of
continuous 200
watls CW or PEP
Cover other band segments via antenna tuner. Rugged low-loss copper
with stainless steel hardware. 2" PVC mast required (not provided), or
suspend fromtree or ceiling with nylon rope, Pricesinclude US shipping
(except HI, AK). Florida add 5% sales tax. Send check with your order
or call us with your VISA or MasterCard.

10, 12,15, 16 or 20M MICROLOOP (20M 15 547 across,
others smaller) AP RPN ek $831.50

JOM or40M MICROLOOP (108" across for40M, 10M
smaller). . e o ... %9150

ADN Advanced Design Networks, Inc
8601 66th Street North # Pinellas Park, FL 33565

CALLTODAY (813) 544-2596

148

QUALITY ETCHED PC BOARDS
IN LESS THAN 5 MINUTES.

Convenient economical, high quality production of 12"x12’
panels is obtained using Kepro's Bench-Top Spray Etcher, only
$765. Kepro-the one stop source for all your Prototype and
Short Run PCB needs.

Kepro Circuit Systems, Inc

Write for full line catalog or call
1-800-325-3878 = -314-343-1630 (Missouri)

630 Axminister Drive * Fenton, MO 63026-2991

149

RECEIVE
THIS LCD
CALENDAR
CLOCK FREE
WITH YOUR

WHAT’'S REALLY
HAPPENING
IN HOME

R SATELLITE
= T™V?

THE HOME
SATELLITE
TELEVISION
MAGAZINE.

A monthly of 100-plus pages—has everything you
need to know about where to find equipment, how to
install it, system performance, legal viewpoints, and in-
dustry insights! With your subscription to STV* you will
receive a FREE LCD Calendar/Clock.

e Only $19.95 per year (12 monthly issues)
e $1.00 for sample copy

Ons:

IF YOU HAVE p..“‘"'""-%r-«.....?,,, t
A SATELLITE ST
SYSTEM, THEN

YOU REALLY

NEED ...

The best in satellite programming! Featuring: *All
Scheduled Channels *Weekly Updated Listings
*Magazine Format *Complete Movie Listing %All
Sports Specials *Prime Time Highlights % Specials
Listing and *Programming Updates!

e Only $45.00 per year (52 weekly issues)
® 2 Years $79.00 (104 weekly issues)
e $1.00 for sample copy

Visa"” and MasterCard" accepted (subscrip-
tion orders only). All prices in US funds. Write
for foreign rates.

Send this ad along with your order to:

STV®/OnSat®
P.O. Box 2384—Dept. HR e Shelby, NC 28151-2384
SUBSCRIPTION CALLS ONLY
TOLL FREE 1-800-438-2020
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products

get connected —
to packet radio

Get Connected to Packet Radio, by Jim
Grubbs, K9EI, is the first book devoted exclu-
sively to packet radio operation. Three major sec-
tions cover packet radio from the beginning
through intermediate levels.

In the first chapters, Jim offers a quick look
at packet radio history. For those contemplat-
ing the purchase of a terminal node controller
for packet radio, information is included on the
rapidly growing number of units available. A
comparison of several major designs is included.

Once readers assembles the necessary equip-
ment, Get Connected to Packet Radio takes
them by the hand in a step-by-step process lead
ing to their first successful first packet QS0.

The introductory section continues with infor-
mation on possible problems, useful commands,
and a discussion of high-frequency packet oper-
ation versus VHF operation. You'll learn where
to find additional packet information in maga
zines and newsletters and how to contact packet
organizations, no matter where you live,

The second section begins with a look at pack-
et protocol. Information on the Xerox 820 com-
puter for use as both a packet terminal and as
a bulletin board are included. A special chapter
on accessories takes a look at everything from
special software to connect alarms.

In other chapters, details on special packet
operations (running a bulletin board, for exam-
plel are outlined. The final pages include an ex-
tensive appendix containing a handy glossary,
a bibliography, and lists of pertinent addresses,
frequencies, command summaries, and more.

Get Connected to Packet Radio is available
from Ham Radio's Bookstore, Greenville, N. H.
03048, for $12.95 plus $3.50 shipping and
handling.

MFC sells ham products
division

Microwave Filter Company, Inc. has sold its
Unadilla/Reyco Amateur Radio Products Divi
sion to Ralph H. Jannini of Antennas, Etc., of
Andover, Massachusetts, The division produced
baluns, traps, switches, and antenna kits that
were distributed through approximately 200 deal
ars nationwide and to exporters in Canada,
South America, and Europe. Jannini will add Un
adilla/Reyco to his present operations and will
continue to serve MFC's Amateur Radio cus-
tomers.

For information on Unadilla/Reyco products,
contact Antennas, Etc., 16 Hansom Road, An
dover, Massachusetts 01810.

ANTENNA
And MAST ADAPTERS
TOWER S o New
Accessomes W
A Ginoots BEAM MOUNT
Kils
e D e e
$120 50{,5 H
| STANDOFFS
| GP&1S -,\) 50133450

tlsims0 | |([H
b — 1
PO-1
{ Pully Kit 3850

-
H
M ec18

Ladder
Mast
L] $249 50
FOB Oakiawn |
9] Antenna

f ) 1

=e0
g u

Standot! $90 504

NEW FAEE CATALOG NOW AVAILABLE
“—— 11X EQUIPMENT LTD.
P.O. Box 9 Oaklawn, IL 60454
(312) 423.0605 v 122

nnaqni

502 364 .50

503
Commaercial

4 PRC,

f——————1 1]
SERVICE CENTER

for

ICOM, KENWOOD
and YAESU

Fully equipped repair shop Amateur,
Marine and Land Mobile repairs.

FCC NABER Lic
Mon-Fri  10:00-4:00 pm
(206) 776-8993
PACIFIC RIM
COMMUNICATIONS

Bob KG7D
23332 58th Ave. West
Mountlake Terrace, Wa 98043

= @® :coops

g B

FREE
BOOK
FLYER

Send SASE to

Ham Radio’s Bookstore
Greenville, N. H. 03048

Welcome »~ 124

RF

TRANSISTORS

230 MHz 12v(* 28V)

PIN Rating Each Match f
MRF412,/A BOW 18.00 45.00
MRFa21 Q 100w 22.50 51.00
MRF422* 150W 38.00 82.00
MRF426,/A" 25W 18.00 42.00
MRF433 12.5W 12.00 30.00
MRF449,/A O 30W 12.50 30.00
MRF450,/A Q 50W 14.00 31.00
MRF453./A Q@ 60W 15.00 35.00
MRF454,/4 Q BOW 15.00 34.00
MRF455/A Q 60W 12.00 28.00
MRFa58 sow 20.00 46.00
MRF475 12w 3.00 9.00
MRF476 Iw 2.75 8.00
MRF477 40W 11.00 25.00
MRF479 15W 10.00 23.00
MRF4a5* 15W 6.00 15.00
MRF492 Q So0w 16.75 37.50
SRF2072 Q 65w 13.00 30.00
SRF3662 Qg 1ow 25.00 54.00
SRF3775 a 75w 14.00 32.00
SRF3795 a 90w 16.50 37.00
CD2545 50W 23.00 52.00
SD1487 Q 100w 36.00 76.00
25C2290 60W 15.00 36.00
25C2879 Q 100W 25.00 56.00

ted High Gaimn Matched Quads Availahie

VHF/UHF TRANSISTORS
Rating MHs  NetEa Match Pr

Q Selo

MRF212 10W 136174 $16.00 —
MRF221 15W 136174  10.00 -
| MRF222 25W 136174 14.00 =
MRF224  40W 136174 1350 32,00
MRF237 aw 136174 3.00 -
MRF238  30W 136174 1300  30.00
MRF239  30W 136174 1500 3500
MRAF240  40W 136174 1800  41.00
MRF245  BOW 136174 2800 6500
MRF247 7SW 136174 27.00  63.00
| MRF260 SW 136174 7.00 =
MRF261 10W 136174  9.00 =
MRF262 iSW 136174  9.00 =
MRF264  30W 136174 1300 -
MRF607  175W 136174 3.00 -
MRF641 15W 407512 2200  49.00
MRF644  25W  407.512 2400  54.00

MRF646 40W
MRFG48 BOW

407-512 26.50 59.00
407.512 33.00 69.00

SD1a4 150W 136-174 74,50 170.00
SD1477 100W 136-174 32.50 78.00
2N3866"° w 30-200 1.25 —
2Naaz7? 1w 136-174 1.25 -
2N5591 25W 136-174 13.50 34.00
2N60B0 aw 136-174 7.75 -
2N6081 15W 136174 9.00 —
2ZNG0B2 25W 136-174 10.50 -
2NEDB3 aow 136174 11.50 24.00
2N6084 40w 136-174 13.00 31.00

MISC TRANSISTORS & MODULES

MRF134 $16.00 SAVE $32.50
MRF 136 21.00 SAVT 30.00
MRF137 24.00 51012 13.50
MRF138 35,00 25C1075 25.00
MRF140 89.50 25C1307 5.00
MRF150 89.50 25C1946A 12.00
MRF172 62.00 25C1969 3.00
MRF174 80.00 25Cc2221 10.00
2N1522 7.95 2SC2269 20.00
2Na0as 7.20 25C2289 22.00
NE41137 3.50 25C2312C 4,00
2N5580 11.00 2N5945 10.00
2N5642 14.00 2N5946 13.00
Selected. matched hinals lor lcom, Atlas. Yaesu, Ken
wood, Cutne, TWE etc Techmical @ stance and cross
reference on CD, PT_SD. SAF and PIN
Quantily parls usiers call tar quote
WE SHIP SAME DAY « C.0.D./VISA/MC
Minimum Order — Twanty Dallars
(619) 744-0728

N~ RF PARTS

1320-16 Grand Avenue

-
V San Marcos. CA 92069
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California

Florida

C & A ROBERTS, INC.

18511 HAWTHORN BLVD.
TORRANCE, CA 90504
213-370-7451

24 Hour: 800-421-2258

Not The Biggest, But The Best —
Since 1962,

FONTANA ELECTRONICS
8628 SIERRA AVENUE

FONTANA, CA 92335

714-822-7710

714-822-7725

The Largest Electronics Dealer in San
Bernardino County.

JUN’S ELECTRONICS
3919 SEPULVEDA BLVD.
CULVER CITY, CA 90230
213-390-8003
800-882-1343 Trades
Habla Espanol

Colorado

COLORADO COMM CENTER
4262 LOWELL BLVD.

DENVER, CO 80211

(303) 433-3355

(800) 227-7373

Stocking all major lines

Kenwood Yaesu, Encomm, ICOM

Connecticut

HATRY ELECTRONICS

500 LEDYARD ST. (SOUTH)
HARTFORD, CT 06114

203-527-1881

Call today. Friendly one-stop shopping
at prices you can afford.

Delaware

AMATEUR & ADVANCED COMMUNI-
CATIONS

3208 CONCORD PIKE
WILMINGTON, DE 19803

(302) 478-2757

Defaware's Friendliest Ham Store.

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

800-441-7008

Icom, Ten-Tec, Microlog, Yaesu,
Kenwood, Santec, KDK, and more.
One mile off 1-95, no sales tax.

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.
ORLAND, 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

ICOM, Yaesu, Kenwood, KDK, Bird...
9AM-5:30PM

We service what we sell.

Hawaii

HONOLULU ELECTRONICS

819 KEEAUMOKU STREET
HONOLULU, HI 96814

(808) 949-5564

Serving Hawaii & Pacific area for 53
years.

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.

Ham Radio’s guide to help you find your local

Indiana

THE HAM STATION

220 N. FULTON AVE.

EVANSVILLE, IN 47710

812-422-0231

Discount prices on Ten-Tec, Cubic,
Hy-Gain, MFJ, Azden, Kantronics,
Santec and others.

SASE for New & Used Equipment List.

Maryland

MARYLAND RADIO CENTER

8576 LAURELDALE DRIVE

LAUREL, MD 20707

301-725-1212

Kenwood, Ten-Tec, Alinco, Azden. Full
service dealer.

T-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.

Michigan
ENCON PHOTOVOLTAICS
Complete Photovoitaic Systems
27600 Schoolcraft Rd.
Livonia, Michigan 48150
313-523-1850
Amateur Radio, Repeaters, Satellite,
Computer applications.
Cali Paul WD8SAHO

Minnesota

TNT RADIO SALES

4124 WEST BROADWAY

ROBBINSDALE, MN 55422 (MPLS/ST.
PAUL})

TOLL FREE: (800) 328-0250

In Minn: (612) 535-5050

M-F 9 AM-6 PM

Sat 9 AM-5 PM

Ameritron, Bencher, Butternut, lcom,
Kenwood

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.

. YOUSHOULD BE HERE TOO!
-D ea-ler S. Contact Ham Radio now for complete details.
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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 10-9
Closed Sun/Holidays

New Jersey

KJI ELECTRONICS

66 SKYTOP ROAD

CEDAR GROVE, NJ 07009

(301) 239-4389

Gene K2KJI

Maryann K2RVH

Distributor of: KLM, Mirage, ICOM, Lar-
sen, Lunar, Astron. Wholesale - retail.

QEP's

110-4 ROUTE 10

EAST HANOVER, N. J. 07936
201-887-6424

Bill KA2QEP

Jim KA2ZRVQ
VISA/Mastercard

Belden Coaxial Cable
Amphenol Connectors

Hours: 9:30 am-7:00 pm

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, OH 44092 (Cleveland Area)
216-585-7388

Ohio Wats: 1 (800) 362-0290

Outside Ohio: 1 (800) 321-3594

Hours M-F 9-5:30, Sat. 9-3

DEBCO ELECTRONICS, INC.
3931 EDWARDS RD.
CINCINNATI, OHIO 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 |-270 and airport.

Pennsylvania

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

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

Wisconsin

AMATEUR ELECTRONIC SUPPLY
4828 W. FOND DU LAC AVE.
MILWAUKEE, WI 53216
414-442-4200

Wisc. Wats: 1 (B00) 242-5195
Qutside Wisc: 1 (800) 558-0411
M-F 9-5:30 Sat 93

LaRUE ELECTRONICS

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
717-343-2124

ICOM, Bird, Cushcraft, Beckman,
Larsen, Amphenol, Astron, Belden,
Antenna Specialists, W2AU/W2VS,
Tokyo Hy-Power Labs, WELZ, Daiwa,
Sony, Saxton, Vibroplex, Weller.

North Carolina

F & M ELECTRONICS

3520 Rockingham Road

Greensboro, NC 27407
1-919-299-3437

9AM to 7PM Closed Monday

ICOM our specialty — Sales & Service

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.

REPEATER VOTER

4RV Four Channel Repeater Voter

® Signal to Noise Type

® Expandable to 32 Channel by Just Adding Cards
® Designed for Commercial and Amateur Service
® Continuous Instant Voling

® Dual or Single 12 Volt Supply

® LED Indicators of COR and Voled Signals

e Front Mounted Level Pols

® Built in Calibrator

® Remole Voted Indicators Pinned Oul

® 4% " x 6" Double Sided Gold Plated 44 Pin Card
® Unsquelched Audio Input

® On Board Audio Switching and Mixing

® Audio Mixer Inpul Available tor External Input

® Open Collector or Relay Contact Input

@ Open Collector NPN Output

® Remote Disable Inpuls

* More
4RV Kit including board and parts with 20 page
manual ... $200.00

Buill, tested, and calibrated with manual . $350.00
For more information call or write:

VOTER Hall Electronics (614)
815 E. Hudson Street 261-8871
Columbus, Ohio 43211
» 114
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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.

DX ANTENNAS FOR 160-10 METERS. Small size, broadband,
high performance. Also, antenna parts, Beverage insulators, wire
and cable. Low prices and fast service. SASE for catalog. W1FB,
Dak Hills Research, POB 250, Luther, MI 49656

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts.
Build or buy. SASE for information. C & D Electronics, PO Box
1402, Dept. HR, Hope, AR 71801.

COLLINS STATION 7553 receiver, 32S1 transmitter, 516-F
speaker and P/S, connecting cables, extra clean $600. K6KZT,
2255 Alexander, Los Osos, CA 93402,

WANTED: Meter for Gonset GSB-100 transmitter. Gary Embler,
732 College Avenue, Palo Alto, CA 94306. (415) 424-1483.

Foreign Subscription Agents
for Ham Radio Magazine

Ham Radio Austria Canada

Karin Uaber Se¢nd orders 1o

Posttach 2454 Ham Radio Magazine

D-7850 Loerrach Greenville, NH 03048 USA

West Germany Prices in Canadian funds
1y $29.95, 2 yrs $53.30

Ham Radio Belgium a AN
Stereohouse ys. 8
Brusselsesieonweg 416
8-9218 Gent
Belgium camMRaq»c I|al5y
Ham Radio Holland a Maniago 1
Pcav:l‘hus 4“1)3 1-20134 Milano
NL-7800 Ar Emmen Italy
Molland
Ham Radio Europe

a:\ ) ? Ham Radio Switzerland
$-194 02 Upplands Vasby Karin Ueber

den Postfach 2454
Swe D-7850 Loerrach

Ham Radio France

SM Esecironic

20 bis, Ave des Clarions
F-B9000 Auxerre

France

Ham Radio Germany
Karin Usber
Posttach 2454
0-785Q Loerrach
West Germany

West Germany

Ham Radw England
cio R.S.G.B

Alma House
Cranborne Road
Potters Bar
Harts ENS 3JW
England
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CONTENTS SHACK: List SASE. Ken Hand, WB2EUF, Box
708, East Hampton, NY 11937

OISCOUNT CATV CONVERTERS/DECODERS and Video ac-
cessories. Send for free information and prices - it could save
you BIG MONEY on your next purchase of these and other
CATV items. Easy View, {HR} PO Box 221, Arlington Heights,
Hiinois 60006. (312) 952-8504. Ask for Rudy Valentine.

ELECTRONIC DESIGN e)(penenced in RF, Audio, and
Microprocessors. Complete laboratory and facilities. John Bat-
tle & Associates, 1000 South Peachtree #101, Norcross, Geor-
gia 30071. (404) 449-8536.

WANTED: Operations manual Hammarlund 105TR. Andy Nagy,
1444 Dill Road, South Euclid, Ohio 44121.

YAESU OWNERS: Hundreds of modifications and improve-
ments for your rig. Select the best from fourteen years of genuine
top-rated Fox-Tango Newsletters by using our new Comprehen-
sive Index. Only $4 postpaid with Rebate Certificate creditable
toward Newsletters purchases. Includes famous Fox-Tango
Greensheet and Filter information for your rig {if specified).
NA4ML, FTC, Box 15944, W. Palm Beach, FL 33416. Telephone
(305} 683-9587.

IBM-PC RTTY/CW. CompRtty Il is the complete RTTY/CW pro-
gram for the IBM-PC and compatibles. Virtually any speed AS-
Cll, BAUDOT, CW. Text entry via built-in screen editor! 10,000
charatter transmit/receive buffers. Adjustable split screen dis-
play. Instant mode/speed change. Hardcopy, diskcopy, break-
in buffer, select calling, text file transfer customizable full screen
logging, 24 prog . Now with
WRU {simple mallbox) Ideal for MARS and traffic handlmg Re-
quires 128k PC, XT, AT, PCj, PC-DOS, serial port, RS-232C
TU $65. Send call letters {including MARS) with order. David
A. Rice, KC2HO, 7373 Jessica Drive, North Syracuse, NY 13212,

ATTENTION AMATEURS Send for Free discount catalog.
Amateur Communications, 2317 Vance Jackson, San Antonio,
TX 78213. (513) 734-7793.

BEAM HEADING CHART, 10 page report in binder with 9 data
fields calculated from your exact QTH to over 540 DX locations.
$9.95 from John Datey, KB6JGH, PO Box 4794, San Jose, CA
95150.

8877 VHF AMP KITS: HV power supplies, CX600N relays, Mu-
Tek LTD front end boards for 1C251/1C271, EME newsletter and
QRO parts. SASE for new catalog. KB7Q, Q" Products, 417
Staudaher Street, Bozeman, MT 59715.

ANNOUNCING iowa’'s new Computer 8BS. (319) 557-9659. 24
hours per day. Contact User -8, AI9D for more information.

IBM/APPLE COMPUTER full feature log program, “‘Hamlog".
Send SASE KA1AWH, Box 2015, Peabody, MA 01960.

TRANSFORMERS wound to 300 watts. Peter Robson Co., 18
Washington Trail, Hopatcong, NJ 07843.

ELECTRON TUBES: Radio, TV & Industrial Types - Huge in-
ventory. Send for 80% off tube listing. Call Toll Free (800)
221-5802 or write Box HR, Transleteronic, Inc., 1365 39th Street,
Brooklyn, NY 11218 (718) 633-2800.

THE GOOD SAM HAMS invite RV operatars to check in the
Good Sam Ham net 14.240 Sundays 19002 also 3.880 Tuesdays
at 23592. Net control N5BDN, Clarksville, IN

OLD RADIO transcription discs wanted. Any size, speed.
W7FIZ, Box 724 HR, Redmond, WA 98073-0724.

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff,
CA 92007.

IMRA, international Mission Radic Association helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM
Eastern. Eight hundred Amateurs in 40 countries, Brather Frey,
1 Pryer Manor Road, Larchmont, New York 10538.

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MG to
G.L. Pierce, 5521 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 09224 {213} 774-1255.

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape,
colors. Five patch minimum. Free sample, prices and ordering
infarmation. Hein Specialties, inc., Dept 301, 4202 N. Drake,
Chicago, IL 60618.

RECONDITIONED TEST EQUIPMENT $1.25 for catalog.
Walter, 2697 Nickel, San Pablo, CA 94806.

PRINTED CIRCUIT BOARDS and kits for QST articles. Call
or write for information. A&A Engineering, 7970 Orchid Drive,
Buena Park, CA 90620. (714) 521-4160.

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed
lowest prices in US. Jerrold, Hamlin, Zenith—. Many others.
Lowest dealer prices! Orders shipped within 24 hours! Master-
card, VISA, COD accepted.Free Catalog - call (800} 345-8927
only Pacific Cable Co., Inc., 7325-1/2 Reseda Blvd, #1014, Rese-
da, CA 91335. (818) 716-5914.

CHASSIS and cabinet kits. SASE K3tWK, 5120 Harmony Grove
Road, Dover, PA 17315,

COMING EVENTS
Activities — ““Places to go . . .”

PENNSYLVANIA: The Nittany Amateur Radio Club’s annual
Mt. Nittany Ham Festival, July 12, Firemen’s Carnival Grounds,
Pleasant Gap. 8 AM 10 4 PM. Admission $3.00 per ham, Spouses
and children free. Flea market space $5 includes admission. Pro-
gram and good food available. Talk in on 146.16/.76 (north and
west) 146.25/.85 (south and east) and 146.52. For information:
Chuck McMullen, K3CM, 7 Holly Circle, State College, PA
16801.

MARYLAND: BRATS Hamfest and Computerfest, sponsored
by the Baltimore Radio Amateur Television Society, Sunday,
July 27, Howard County Fairgrounds, Rt. 144 at Rt. 32, West
Friendship. Indoor tables with AC power $20 each; 4/$75.
Without AC power $10 each; 10/$95 by advanced registration
only. Dealer setup Saturday 2 PM. Sunday tailgating space $4
per space. Free VE exams 11 AM Sunday, no advanced regis-
tration required. Talk in on 63/03, 16/76 and 52. For informa-
tion and reservations: W3GXK, BRATS, PO Box 5915,
Baltimore, MD 21208,

MICHIGAN: The 38th annual upper Peninsula Hamfest, spon-
sored by the Delta County Amateur Radio Association, Satur-
day, August 2, Bay De Noc Community College, Escanaba.
Registration $2. Activities, meetings, swap and banquet. For in-
formation:Aileen Gagnon, WA8DHB, Co-Chairman, 9159 Bay
Shore Drive, Gladstone, Ml 49837.

WEST VIRGINIA: The 27th annual West Virginia State ARRL
Canvention, Friday evening July 4 through Sunday, July 6, Jack-
son’s Mill State 4-H Camp near Weston, Lewis County. Recep-
tion Friday evening. Exhibits, tech forums, equipment auction
and pizza party. Free flea market space for registrants. Plenty
of family fun. For information:Sue Goodwin, 103 Cleveland
Avenue, Nitro, WV 25143,

KENTUCKY: The Central Kentucky ARRL Hamfest, sponsored
by the Bluegrass Amateur Radio Society, Sunday, August 10,
8 AM to 4 PM, Scott County High School, Longlick Road and
US Rt. 25, Georgetown. Tickets $4.00 advance; $5.00 at the gate.
Tech forums, license exams, awards and exhibits. Air-
conditioned facilities. Free outdoor flea market space. For in-
formation or tickets: SASE to Scott Hackney, KI4LE, 629 Craig
Lane, Georgetown, KY 40324,

PENNSYLVANIA: The 49th annual Hamfest sponsored by the
South Hills Brass Pounders and Modulators ARC, Sunday, Au-
gust 3, south campus of Allegheny Community College, West
Mifflin, 7 miles south of Pittsburgh. Talk in on 146.13/73 and
146.52. For information: Doug Wilson, WA3ZNP, 185 Orchard
Avenue, Emsworth, PA 15202,

NEW YORK: Electronics Extravaganza sponsored by the Put-
nam Emergency Amateur Repeater League, Saturday, August
16, J.F. Kennedy Elementary School, Brewster. 9 AM to 4 PM.
Admission $3.00. Children under 12 free with adult. Food and
refreshments available. Indoor tables, with one admission,
$10.00. Tailgating $5.00. FCC exams. Limited walkins. Talk in
on 144.535/145.135. For table reservations or information: R.
Dillon, N2EFA, RFD 7, Noel Court, Brewster, NY 10509.

PENNSYLVANIA: The Mid-Atlantic Amateur Radio Club's an-
nual Hamfest, Sunday, August 10, Bucks County Drive-in Theat-
er, Rt. 611, Warrington. 8 AM to 3 PM. Rain or shine.
Admission $3.00 plus $2.00 for each tailgate space. Bring your
own tables. Talk in an WB3JOE/R, 147.66/.06 or 146.52. For
information: MARCBox 352, Villanova, PA 19085 or call Bob
Josuweit, WA3PZO (215) 449-8727.

TEXAS: Texas State ARRL and Texas VHF/FM Society’s joint
convention, July 11-13, El Tropicano Hotel, 110 Lexington, San
Antonio. Hospitality suites, licensed day-care, QCWA breakfast,
Saturday evening banquet. ARRL forum. For information: Melvin
H. Anderson, Jr, 8932 Saddle Trail, San Antonio, TX 78255 (512)
698-1712 or 698-1714.

NEW JERSEY: SCARC ‘86, sponsored by the Sussex County
ARC, July 19, Sussex County Fairgrounds, Plains Road, Au-
gusta. Daors apen 8 AM. Registration $3.00. Indaar tables $7.00
each. Tailgate space $5.00. Food and refreshments. Free park-
ing. Talk in on 147.90/30 and 146.52. For information: Donald
R. Stickle, K20X, Weldon Road, RD 4, Lake Hopatcong, NJ
07849, (201) 663-0677.

PENNSYLVANIA: The Murgas Amateur Radio Club's 7th an-
nual Hamfest, July 6, ice-A-Rama in the Coal Street Sports Com-
plex, Wilkes-Barre. Setup 6 AM. General admission 8 AM.
Tables available by advance reservation. VE exams. Talk in on
146.61, 53.61 and 148.52. For information or 1o register for VE
exams catl (717) 388-6863.

INDIANA: The WAISNT Amateur Radio Club will hald its an-
nual Swapfest, August 9, ITT Technical Institute, 9511 Angola
Court, Indianapolis. 8 AM to 4 PM. General admission $2.00.
Students $1.00. Flea market space $1.00 additional. Setup time
6 AM. Auction, large flea market, refreshments avialable. ITT
Technical Institute will hold an open house during the Swap-
fest. Allinterested are invited to tour the facilities. For addition-
al information: Dave Jobnston, KO9HDQ, c/o ITT Technical
lnsmglgq% 9511 Angola Court, Indianapolis, IN 46368. {317)
8 X

WISCONSIN: The Eau Claire Amateur Radio Club’s annual Ham-
fest, Saturday, July 12, 4-H Buildings in Eau Claire. 8 AM to
4 PM. Tickets $3.00. Free tables and coffee. Talk in ont 31/91
and 52 simplex. For information/tickets SASE to Gene Lieberg,
KASDWH, 2840 Saturn Avenue,Eau Claire, Wt 54703.



WISCONSIN: The South Milwaukee Amateur Radio Club's an
nual Swaplest, Saturday, July 12, American Legion Post 434,
9327 South Shepard Avenue, Oak Creek. 7 AM 104 PM. Park
ing, picnicking, food and refreshments available, Admission
$3 00 ncl s "happy tme’” with free beverages. The Milwau
ke Volu Core Group will conduct Amateur Radio exams
during the day. For more details, including a map, write: South
Mitwaukee ARC, PO Box 102, South Milwaukes, W) 531720102

1986 'BLOSSOMLAND BLAST™ Sunday, October 5, 1986
Write "BLAST”, PO Box 175, St. Joseph, MI 49085

CALIFORNIA:FCC exams, Novice Extra. Sunnyvale VEC ARC
(408] 2559000 24 hour. 73, Gordon, WENLG, VEC

PENNSYLVANIA (Meadvilic)  July 5 Fwecracker Hamfest by
Crawford Amateuwr Radio Society. Electronics, radios,
computers. New location at Meadville Recreation Center just
oft At. 27 E in Meadville. All indoors; no rain out. One olympic
and two child-size deluxe swim pools with lockers and showers
and other sports available in Center. Free indoor fleamarket
space; bring table. Dealers: free indoor space and tablels) avanl
able by preregstration; reserve early. Admission aduh $2,00, chil
dren free, swimming for small extra. Talk in 144 53 14513,
WIMIE Ii For information write CARS Hamfest- 86, PO Box
653, Meadville, PA 16335 or coll Ben Ferer, KF3F, 814/ 724-2412

BRITISH COLUMBIA: Maple Ridge Hamfest, July 12 and 13
St. Pamicks Center, 22589 121 Avenue, Maplo Ridge. Admis
sion Hams §6.00; non-hams over 12 $3.00, Under 12 free. Two
hams in family $9.00. Commaercial displays, flea market, food
childron's programs. Nearby shopping and recreation areas
Campet space, no hookups. Talk in on 146_20/80 and 146.34/94
For more information: Bob Haughton, VETBZH, Box 292 Ma
ple Rudge, BC V2X 7G2 or phone (604) 467-4915

WEST VIRGINIA: The Bth annual TSRAC Wheeling Ham
test/ Computer Fair, Sunday, July 20, Wheeling Park. 8 AM 10
4 PM. WV's lsrgest. Dealers welcome. 30,000 sq. ft under roof
5 acres of flea market. Family activities at Park Admission $3.00
n advance, $4.00 at door. To reserve space contact: Jay Paulo
wvicks, KDEGL., RD 3 Box 238, Wheeling, WV 26003 (304)
2326796 For tickets, TSRAC. Box 240, RD 1, Adena, OH 43901
[614) 546 3930

INDIANA: The 16th annual Indiana ARRL Convention and In
dianapols Hamfest, Saturday and Sunday, July 12 and 13, Man
on County Fawgrounds, Indianapolis. Featunng the largest
electromc fes market and new Amatouwr Hadio equipment dis
play i the state. Gate fees $5.00 with free parking on grounds
Gates open 6 AM, Large covered flea market. Inside tables $8
o4 2m Fox Hum, homebrew c s1. (5L card contest. Froo
eamper hookups available on grounds. Nearby restaurants and
motels. For information contact Bill Evans, WBIBEN (317)
/45-6389

MASSACHUSETTS: The MIT UHF Repeater Association and
the MIT Radio Socwety offer monthly Ham Exams. All classes
MNowvice 1o Extra. Wi fay, July 23, 7 PM, MIT Room 1-134
77 Mass Avenue, Cambridge MA. Reservations requested 2 days
in advance. Contact Ron Hotfmann (617) 263 0160/ 646- 1641 or
Crage Rodgers (617) 434.1986. Exam fee 5425, Bring copy of
current license (if any), two forms of picture 10 and comploted
form 610 available from FCC in Boston (223 6609)

OPERATING EVENTS
“Things to do . . .”

OHIO STATE FAIR Special Event, August 117 Listen for
WHTO 8010 moters. Exchagge QTH and RST Al correspon
dence and requests for awards to ARS WBTO, an: State Fair
event coordinator, 280 East Broad St, Columbus, Ohio 43215

The Eastern Mic! ARC will operate KBEPV dunng the an
nual Port Huron 1o Macinac Island Yacht Race, July 1920, 14002
to 02002 both days. For cenificate send OSL and SASE 1o CBA
or 654Grorgia, Marysville, MI 48040

High Plains ARC will operate K7YPT at histonc Fort Laramie
July 4 and 5 QOSL for business SASE 10 K7YPT, PO Box T
Torngton, WY 82280

The Texas ARAL and VHF/FM Socwty convention, Alamo
City, WSSC continues the San Antomo  Sesqucentenmial
celebration of Texas independence. July 12 10 13, 10, 15 and
20 meters. OSL. No. 10 envelope, SASE to WSSC, 90 Brees
Bivd, San Amonio, TX 78208

ALBANY, NY, = colebrating its 300th anniversary. The yaar long
activities will peok duting Tricentenmal Week, July 18.22 1

The Albany Amateur Radio Association will be providing public
wnmunicaton for events and special OSL cards as well
seing the “Waorked Albany Radio Members™ - WARM

service
85 Spor
Award

OKLAHOMA Amateur Radio operators will conduct their 3ed
annual “Fekd Day” exercises Saturday and Sunday, July 12 and
13, Lake Camton beginning 2 PM Saturday and continuing
through noon Sunday n comuncion with the annual IARU Radh
ospott DX Contest, For infarmation: Tim Mauldin, WASLTM
Loke Canton Field Day, PO Box 19097, Oklahoma Ciy, OK
73144 [(405) H21 5048

EAST AURORA, NY. July 27. 12th annual Racing Day  Pionees
Hadio Operators Society will operate W20FC to help the com
munity celebeate ns hentage as a i of the century capital of

breeding and racing champion horses. OSL with business SASE
o W2OFC, 308 Parkdole avenue, East Aurora, NY 1

The lllinois Valley ARC will operate special event station
KDSUL to commemorate the 25th anniversary of manned
spaceflight n conunction wi w Spacewsek event, 1300 UTC
1o 0100 UTC. For a cenificate and QSL, send SASE and your
QSL to Bruce Boston, KDSUL, 815 East Third Swreet, Beard
stown, IL 62618

ACB RADIO AMATEURS & special interest affiliate of the
Amencan Council of the Blind (ACB) will operate special event
29 1o 24002 July 5 from the Hil
ton Hotel in Knoxville, TN in conjunction with ACB's silver an
niversary convention. Submit OSL card confirming QSO with
KWAaU dunng conventhon week and receive an altractive com
memorative certificate. Send OSL's to John McCann, KWal
2106 N. linos Street, Arington, VA 22205

= CHARGE

YOUR CLASSIFIED ADS
to your MC or VISA, write or call
HAM RADIO MAGAZINE
Greenville, NH 03048
(603) 878-1441

40m Phased Array
—the Easy Way!

-
y _J

OPTI+-PHASOR™ by BaileyTech

8 Change direction instantly

= High F/B, adjustable phasing

® Low SWR over entire 40m band
m Just 2 dipoles gives 4 db gain

Also available with malchea
$1 19 95 hipoles and leed inas
Check, MO, VISA, MIC
Call or Write for Complete Catalog

TET Antennas, Larsen, Hy-Gain,
Alpha Delta, etc. 115

1587 U.S.68 N onll.OH45305
(513) 376-2700

COLLINS
KWM-380
KEYBOARD —

Pipo Commumica
tions Has The Koy
board That Is Used
With The Collins - 250
KWM.-380 For

Remote Entry

KEYBOARD-MOUNTING FRAME & SHIPPING 525
To know more aboul our Touch: Tone® Encoders
CALL OR WRITE FOR FREE CATALOG &
INFORMATION GUIDE
Pipo Commumications
P O Box 3435 = Hollywood, CA 50078
2131/852:1515 TATS]

PipoCommunications’

Emphasis is on Qualily 8 Reliability

» 118

The standard of the electronics industry
1S setting a new standard for amateur
radio use as well

The Fluke 77 multimeter is ideal for
lesting and repairing any amaleur radio
gear. Its inexpensive, easy lo use, and filled
with professional features. Plus a full line
of accessories let you measure high fre-
quency, high voltage and current, and tem
peralure. Made in the U.S.A and backed
by a 3-year warranty, the new Fluke 77
15 the world's lirst handheld meter o
combine analog and digital displays

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

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS

FLUKE 73 FLUKE 75 FLUKE 77
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L
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SYNTHESIZED
SIGNAL GENERATOR

MODEL
S$G-100F
$429.95
delivered

Don’t buy from Hamtronics. . .

Unless you want the best possible equipment
at the lowest possible price! ! !

MADE IN
UsA

* Covers 100 MHz to 199.999 MHz in
1 kHz steps with thumbwheel dial e
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

VANGUARD LABS

196-23 Jamaica Ave., Hollis, NY 11423
Phone: (718) 468-2720 Mon. thru Thu.

The “wheeler-dealer” is back and he's beating

everyone else's "deals.”

We all know there's no such thing as a free lunch . . .

so How Can We Do This?

® We don't run alot of ads featuring sale items

* We don't spend alot of money on full page ads

e We don't have sales on just the fastest selling
products

® We don't short cut you on service. We are a factory
warranty repair facility for everything we sell!

* We don't mail out free catalogs e OEP'S COANL SALE =

e We don't have a free WATS number.

You and every other Ham customer is paying for all

these do-dads and sales gimicks.

Hamtronics puts the savings into your pocket.

Hamtronics guarantees to meet or beat any advertised

= 112
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BELDEN 9913 Low Loss Cable
1001, & up 184 k';: to 99 1. - 394/1
BELDEN 9258 RG-8X
S160 per 1000 it or 17¢/1.
BELDEN 8214 RG-8
Up to 99 it. 35¢/ft. 100 1. and up 33¢/ft

Amphenol connectors

—

i

price on every item we sell. 475
Hamtronics Has It All!
Let Hamtronics be your Ham Radio equipment dealer. %
We're celebrating our 35th year in the Ham business BNC Pl for Mini\ fitied V6l
at the same location. o o s

COMPLETE STOCK, SAME DAY SHIPPING

’ U.S. Geological Survey Maps E

Complete N | indes initock  plus

201-887-6424 Q
f 110-4 Route 10 @EP S ¥
| E. Hanover, N.|. 07936
L e |
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)
. SO
A DIVISION OF TREVOSE ELECTRONICS w

4033 BROWNSVILLE RD., TREVOSE, PA 19047 —cd
(215) 357-1400

PEEREERRRRRRRIRNLENNLTNN]
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HEWLETT-PACKARD
1707B SCOPE

Portable dual-trace DC 1o

- , 75 MHz scope with 6x10

1 - cm display and <4.7 n§
X [ @7 = risetime. Deflection 10
9L S mv-5 Vidiv in 9 ranges

1
1986-87 '\ é-‘ - ; 'f'.,;'"'-""";. Sweep 0.1 uS—2 Sidiv in
CATALOG | - | 23 ranges, delay 01

» 126

RECEIVE OSCAR 10 TELEMETRY

uS-0.2 Sidiv. 7.8

Complete Kit $1.00 12816, 32 Ibs sh_ HP
ot quality at import price,
. EE L $1 39 .95 used-checked w/book, $795.00
- & plus $3.00 . HP-8518/85518 SPECTRUM ANALYZER, popular 101
nis shipping ana o MHz—40 GHz wunit, 60 db dynamic range
h . nandiing ‘I'[Jq-, 20168188, 140 Ibs sh_ Used with BW oscillator
' ke output. $1500.00
_ Prices F.0.8 Lima, 0 = VISA, MASTERCARD Accepted.
PSK DEMODUF‘A.T oR . ' Aliow for Shipping = Sand for New FREE CATALOG 'B6
decodes satellite's housekeeping status Address Depl HR = Phane: 419/227-6573
reports, envnronmenlal data collected and FAIR RADIO SALES
plain text bulletins RADIO KIT 1016 E. EUREKA - Box 1105 + LIMA, OHIO - 45802
s BOX 411H
INPUT : Greenville, NH » 159
audio output of SSB receiver or cassette player. il
OUTPUT— (603) 878-1033
RS232 compatible serial bit stream at 1200 baud telex 887697

» 157




THE GUERRI REPORT., ... c.r. v

new technique uses
lasers to etch
microchips

In the traditional process for
manufacturing ICs, as many as 100 in-
dividual steps may be required. Each
step introduces the possibility of error
and increases the risk that the finished
product will contain some flaw that
renders the chips unusable. Depend-
ing on the size and complexity of the
chip, less than half of the finished
wafer may yield acceptable chips, leav-
ing the surviving chips to recover the
entire cost of fabrication.

Not surprisingly, IC manufacturers
are constantly seeking ways to im-
prove vyield and reduce costs. In one
new technique, a laser used as a pho-
toetching device scans the surface of
a silicon wafer in the presence of cer-
tain gases. Under static conditions,
these gases have no effect on silicon;
the energy of the laser, however,
decomposes the gases into com-
pounds that define active elements
and interconnects by either etching
away unwanted material or by depo-
sition onto the substrate. The source
and drain regions of a transistor are
made by doping the silicon with phos-
phorus, which the laser creates by
breaking molecules of phosphine gas.
Hydrogen chloride, which serves as an
etchant, is activated by the thermal
energy of the laser beam. Intercon-
nects on the chip are made by similar-
ly decomposing gases that contain
tungsten, nickel, and polysilicon.

One of the major incentives for this
new method is a national program, led
largely by the Departments of Defense
and Energy, to develop new classes of
supercomputers. Much of this work
has been done at the Lawrence Liver-
more National Laboratory, where ex-

periments indicate that the technique
can produce as many as 1000 transis-
tors per second. At this rate, it would
be possible to fabricate supercomputer
chips — consisting of about 100,000
transistors each — at the rate of one
per day.

Other exciting possibilities include
repairing damaged high-value chips
and turning a new design into a pro-
totype chip in one day or less, as op-
posed to today’s turnaround time of
one to four weeks.

One company (XMR of Santa Clara,
California) already offers commercial
equipment for this technology. If the
technique achieves its promise, we can
expect a whole new generation of
advanced-capability semiconductors.

“WaferScale’ integration

Still on the subject of semiconduc-
tors, and one of the major beneficiaries
of laser fabrication, is another tech-
nique just coming into its own —
WaferScale integration. This tech-
nique uses the surface of a silicon
wafer to implement an entire function-
al capability. Examples include com-
plete 32-bit microprocessors, with
memory and all relevant I/ O functions,
a “silicon” hard disk with 20Mb of
storage, RAM speed, and all disk con-
troller functions on a single wafer.

This technique promises to make
very complex functions available in a
single package. But this improvement
is not without peril. Because of the
large amount of circuitry and the ex-
tensive processing required on such
devices, any mistake in fabrication
results in a very expensive piece of
scrap. Also, the large number of cir-
cuits and functions possible with WSI
makes packaging considerations a
major concern; it may be necessary to

have hundreds of pins on a very com-
plex functional element — more than
can now be accomodated. However,
the general benefits of WSI seem to
justify the complexities of making such
devices, and within the next few
months the first few WSI products are
expected to be announced.

new super-magnet
makes smaller motors

An essential component of many
motors is the large, heavy permanent
magnet associated with the non-
excited element of the motor. Magne-
quench™, a new product developed
by the Delco Division of General Mo-
tors, is about 25 percent stronger than
any other known magnetic material.

Currently, the most widely used
high-power magnets, composed of
samarium-cobalt, are expensive and
difficult to manufacture. But GM's
new material is so low in cost that the
auto maker plans to use the material
in starter motors on some 1986 cars.
GM reports that only 5 ounces of the
material are needed for the newly
designed motors.

This tremendous saving in weight
and size offers several benefits. Using
a smaller, lighter starter, for example,
simplifies design of the engine area.
Using Magnequench instead of con-
ventional magnets in all the control
motors of a car would presumably
produce a measureable effect on fuel
economy as well.

Because samarium-cobalt is the
material sometimes used to make very
small, high-performance loudspeakers,
it should be interesting to see if the
speakers manufacturers put in our HTs
get any better as supermagnets be-
come more widely available.

ham radio
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STUDY GUIDES

AMECO STUDY GUIDES

Designed for VEC Exams

AMECO study Guides are taken from the FCC Ama-
teur Exam syllabus, PR-1035 and have answers
keyed to ARRL's recently released study material.
These study guides are compatible with ARRL and
all other VEC Exams. While nothing can guarantee
that you will pass, AMECO Study Guides will make
sure that you are fully prepared and ready to go
when you sit down for the exam. Written in clear,
concise, easy-to-read format, each question fully
explained. Novice and General books cross refer-
enced to AMECO’s 102-01 for a more thorough

explanation.
| 127-01 Novice Class Softbound $3.50
Softbound $4.95

| 112-01 General Class

| 126-01 Advanced Class Softhound $4.95
[ 117-01 Extra Class Softbound $4.95
I 1AM-1 Get All Four $14.95

ARRL Q&A LICENSE MANUALS

ARRL Q&A License Manuals are keyed to the latest
FCC Exam syllabi now in use by the Volunteer
Examiners. These books are written in an easy-to-
read conversational style that enhances understand-
ing without scaring the student away. All technical
subject areas are explained in clear terminology and
with plenty of illustrations, diagrams and schematics.
Rules are ‘also fully covered. Each book has the offi-
ciat ARRL multiple choice question Pool with
answers and a key to the FCC Exam syllabus for
reference to other study publications. These are the
study guides to have. All books. © 1985 1st Edi-

tions.
Softhound $5.00

! 1AR-TG Generai
{ JAR-AG Advanced Softbound $5.00
Softbound $5.00

{ JAR-EG Extra
| JAR-SG Get All Three $12.95

NEW TITLES

FIRST STEPS IN RADIO
by Doug DeMaw, W1FB
This new anthology has been taken from DeMaw's
"84 and 85 series in QST magazine. It has been writ-
ten to give beginners the basic electronic theory
needed for upgrading and the ins and outs of how
radios work. Using a building block approach,
DeMaw first explains what the different componants
are, then assembles them into basic circuits and
ends up with how these circuits work in your radio.
You also get articles on antennas, propagation and
beginners level RF problems and suggestions on
how to resolve them. Great review for more
experienced Hams. Perfect for the beginner. ©
1985.
| 1AR-FS

LANDMOBILE AND MARINE RADIO
TECHNICAL HANDBOOK

by Edward Noll, W3FQJ
This is THE HANDBOOK for those who operate,
install or service two-way radios. Covers private
landmobile services, marine radiotelephone and radi-
otelegraph, marine navigation and Citizen’s Band. An
excellent reference book for those studying to pass
the NABER technician certification exam. Areas
covered include: transmission characteristics and
modulation systems, basic solidstate theory, digital
and microprocessor electronics, antenna systems,
test equipment, repeaters and much more. © 1985
1st edition 576 pages.
{ 122427 $24.95

THE COMMODORE

HAM’S COMPANION by Jim Grubbs, K9E)
Here's your guide to using the Commodore C-64
computer in your Ham shack. Good snlid information
on where to find software and hardware for CW,
RTTY, AMTOR, SSTV, propagation prognostication,
antenna modeling, satellite tracking and much more.
Includes a list of over 80 sources of software and
hardware. Also includes a bibliography of over 60
magazine articles and reviews about using the Com-
modore. ©1985, 160 pages, 1st edition.

1 1JG-CC Softbound $15.85

Please add $3.50 to cover
postage and handling.

Ham Radio’s Bookstore

Greenville, NH 03048

Softbound $4.95
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Message
Master

Real-voice message system
For any repeater or base

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

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

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

Create messages just by talking. Message Master's
‘real-voice’ technique saves YOUR VOICE In digital
memory to deliver messages In your own voice, lan-
guage and dialect.

Mallbox-style operation gives individual message
delivery service to 100 system users.

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

Special features include callsign Identifications, tail
messages, and bulletin messages.

Digital message storage provides instant playback of
stored messages.

Modular memory meets your exact needs from 2to 8
minutes of total message storage.

Would you like your callsign identifications,
tail messages, and bulletin messages sentin
real-voice? Message Master can send them
too. Record several identification messages
and it will even send adifferent 1D each time.
Almost like magic, Message Master knows
when to send identifications and tail mes-
sages so it needs no special control signals
from your base or repeater.

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

Commercial users: Ask for a brochure on
the Message Master Electronic Dispatcher
with group and all call messaging.

KENDECOM INC.

MICRO CONTROL SPECIALTIES

Serving all your repeater needs

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

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

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

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

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

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

= 110
23 Elm Park

Groveland, MA 01834
(617) 372-3442
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A fresh idea!

Our new crop of tone equipment is the freshest thing growing in the encoder/decoder
field today. All tones are instantly programmable by setting a dip switch; no counter
is required. Frequency accuracy is astonishing +.1 Hz over all temperature extremes.
Multiple tone frequency operation is a snap since the dip switch may be remoted.
Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones.
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus

19 burst tones, 8 touch-tones, and S test tones. And, of course, there's no

need to mention our one day delivery and one vear warranty.

COM SPEC
IcC=107

E-. COMMUNICATIONS SPECIALISTS

S

(800) 854-0547/ Calitornia: (714) 998-3021 !

: ; ; - o S
426 West Talt Avenue, Orange, California 92667 . .r_

{
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SS-32 §29.95, TS-32 §59.95




Yaesu’s big gun. The FT-980.

DX and contest operation is no
place for a ightweight.

That's why the FT-980
combines the latest in HF tech-
nology to give you the muscle

et you through
To begin with, its front
panel gives you unsurpassed
operating flexibility.

Store your favorite fre-
quencies and operating mode
independently in each of the 12
memory channels

Review the contents of any
memory location without dis-
turbing the QSO in progress
with the checking func tion

Quickly go from one pro-
grammed channel to another;
or meet your buddy “five up by
simply touching a button

And vou'll be hard-
pressed to find a cleaner trans-
mitter, In fact, our conserva-
tively designed final amplifier
loafs at just a fraction of its
rated output. And cuts distor-
tion to new lows

Then consider the receiver
A triple-conversion design
with separate front ends for ham
and general coverage recep-
tion. That way. ham-band oper-
ation IS not i_‘_J\"II"' ['_J!'t_'_'JF‘l"H:‘;r'.'

Also, cascaded IF filtering
assures outstanding rejection

of unwante 'd RI:_'I"I<1|‘1 cle )5€ 10 }’t’ I

operating frequency.
Even imperfect antennas
are no ;'Jr'r_'r['_"|t;'=-" ) for the FT-980

[heres essentially no turn-

down with an SWR of 211 and just

25% turn-down at 31

Finally: if all this 1sn't
enougn, IfI{I_'JUL. up the FT-980 to
your personal computer for
21 advanced functi
and band

ins including
mode. frequency
shift An .}';if_.‘u:*:\rﬁz"r"l of interfaces
and software are avallable

So when you really want
to flex your muscles, go with
W:’l: SUS [ I-r.'ﬂ-‘Jr'.“'{} The seric WIS radif

for the serious operator;

Y:_aesu USA _
Yaesu Cincinnati Service Center

108
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KENWOO

...pacesetter in Amateur radio

Power-Full...70 Watts!

TM - 2 57OA/255OA/2580A/3530A

Sophisticated FM transceivers receiver

Kenwood sets the pace again! e Front panel programmable 38-lone » HI/LOW Power swilch (adjustabli
The all-new “25-Series” brings the CTCSS ercoder includes 97.4 Hz LOW power)

industry's first compact 70-watt (optional) e TM-3530A covers 220-225 MHz
2-meter FM mobile transceiver. e 16-key DTMF pad. with audible monitor @ Piagital Channel Link (optional

There is even an auto dialer which o Caritei-slon Lniha=anotiier
stores 15 telephone numbers! There Kenwood exclusive! Introducing
are four versions to choose from: e Frequency lock switch z: L Digital Char{r'{el Link
The TM-2570A 70-watt, TM- 2550A e New 5-way adjustable mounting
45-watt, TM-2530A 25-watt and the systen Compatible with Kenwoaod's DCS
TM-3530A 220 MHz, 25-watt. » Unique offset microphone connector (Digital Code Squelch), the |.n__1 systern
e First 70-watt FM mobile (TM-2570A) relieves stress on microphone cord | " ibles your ng to automatically Q5Y
e First mobile transcewver with lel lo an open channel, Now you can auto
phone number memory and auto Large heatsink with built-in cooling matically switch aver to a simplex
fialer (up 1o 15 seven-digit phoni fan (TM-2570A) hannel after repeater contact! Here's
NUIMDers) | [ I
e Direct keyboard entry ol requet I hi vsiem searct f il
® Automatic repealer olisel selection | | e TEembe LT n
a Kenwood exclusive! o the onginal frequency I:_-::: "f"" sImits
e Extended frequency coverags ontrol information 1o another LI
r MARS ar :I-. AP (142-149 MHz equipped station that switches both
141-151 MHz modiiable) radios to the open channel, Micr
. hannel memory lor ofisel rocessor control assures fast and
frequency and liable operation. The whole prof
® Big multi-color LCD and k-1t nappens in an | I
ntrols 1or excellent visitihily

 TM-2570A

=CcHL mDCL ;
VoL |

POWER -
¥

Optional Accessories e PS-50 C power supply for TM-2¢ Actual size front panel
e TU-7 38:tane C1 ’ e * MC-60A/MC-80/MC-85 sk 11

e MU-1 DCL modem unil *MC-48

*VS-1 ynthesiz * MC-425 UP/DWHN v
* PG-2K 4l C cabil e MC-55 (8-pin) mobils wilh tirr ut lirmes
B0 ERO . KENWOOD
o MB-10 cxlra mobile bracket ® SP-50 riobile stk

* CD-10 cail sign displa * SW-200A/SW-200B \Vi3/[xwet 1riders e D e
SHE AP O et Sl (ot e SW-100A/SW-100B compact SWR/power meters |10, KENWOOD COMMUNICATIONS
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