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ICOM IC-/51

The New Standard of Comparison

The IC-751 is the MG
vanced amateur HF fransceiver
available on the marke! today...
the new siandard of companson

o TheWorld Syste

> NE




Nhat To
Look For In A
Phone Patch

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

+ Give complete control to
the mobile, allowing full
break in operation.

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

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

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

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

ONLY SMART PATCH
HAS ALL OF THE
ABOVE.

Now Mobile
Operators Can
Enjoy An
Affordable
Personal Phone
Patch. . .

e Without an expensive

II’[II‘(Ili'I.

Using any FM tranceiver

as a base station,

* The secret is a SIMPLEX
autopatch, The SMART
PATCH.

SMART PATCH

Is Easy To Install

To install SMART PATCH,
connect the multicolored
('l'l!lllillrl’l 5]L’|l‘ nl)l")ll "(llﬂt'
to mic audio, receiver
discriminator, PTT, and
power. A modular phone

cord is provided for con-
nection 1o your phone sys-
tem. Sound simple?
ITIs!

Wlth —SFHRHLPHI

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

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

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

o 132

®

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

How To Use
SMART PATCH

Placing a call is simple.
Send vyour access code
from your mobile (exam-
ple: *73). This brings up
the Patch and you will
hear dial tone transmitted
from wvour base station.
Since SMART PATCH is
checking about once per
second to see il you want
to dial, all you have to do
is key wyour transmitter,
then dial the phone num-
ber. You will now hear
the phone ring and sore-
one answer. Since the en-
hanced control system of
SMART PATCH is con-
stantly checking to see if
vou wish to talk, you need
to simply key your trans-
mitter and then talk,
That's right, you simply
kev your transmitter to
interrupt the phone line.
The base station auto-
matically stops transmit-
ting after you key your
mic. SMART PATCH does
not require any special
tone equipment to control
vour base station. It sam-
ples very high frequency
noise present  at  your
receivers discriminator to
determine if a mobile is
present. No words or sylla-
bles are ever lost.

SMART PATCH

Is All You Need
To Automatically
Patch Your Base
Station To Your
Phone Line.

Use SMART PATCH for:

* Mobile (or remote base)
10 phone line via Simplex
base. (see fig 1.)

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

-

Telephone line to mobiie
lor remole base).

SMART PATCH uses
SIMPLEX BASE STA-
TION EQUIPMENT. Use
vour ordinary base sta-
tion. SMART PATCH
does this without inter-
fering with the normal
use of yvour [ritiili.

WARRANTY?
YES, 180 days of warran-
ty protection, You 5i|ll[1'|-\'
can't go wrong.
An FCC type accepted
coupler is available for

SMART PATCH.
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paceselter in amateur radio

TS-930S “DX-traordinary”

We call it "DX-traordinary” because
the TS-930S has now become the
favorite rig of the serious contester!
Its superior capability for full break-in
split-frequency operation, the speed
and convenience with which its eight
memory channels can be accessed,
its unsurpassed receiver dynamic
range and its remarkable ability to
select the desired signal during
periods of heavy QRM, utilizing VBT,
Slope tuning, IF Notch filtering, and
tuneable audio filtering, have all
combined to make this the rig that
gives you the EXTRA EDGE!

The TS-930S is loaded with all
the special features that you always
wanted in an HF transceiver. Full
coverage of the 160 through 10
meter bands, including the new
WARC frequencies, (easily modified
for HF MARS), plus a general cover-
age receiver that can tune any fre-
quency from 150 kHz to 30 MHz.
Operation in the SSB, CW, FSK, and
AM modes, with selectable full or
semi CW break-in. All solid-state,
with 250 watts PEP input on SSB,

CW, FSK, and 80 watts input on
AM. SWR/power meter. Triple final
protection circuits plus two cooling
fans built-in. 10-Hz step synthesized
frequency control. Available with
optlional automatic antenna tuner
built-in, another industry first! Dual
digital VFO's. Eight memory chan-
nels that store both frequency and
band information, with internal bat-
tery back-up, (batteries not supplied).
Dual mode adjustable noise blankers,
especially effective in eliminating
"woodpecker” type interference.
SSB IF slope tuning, for maximum
rejection of interference. CW vari-
able bandwidth, with pitch and side-
tone control. IF notch filter. Tuneable
audio peaking filter. Unique six digit
white fluorescent tube digital display
is easy-on-the-eyes during those
long contests. RF speech processor,
for higher average "talk-power’ SSB
monitor circuit. 4-step RF ’
attenuator. VOX. .

100-kHz marker.
AC power supply
built-in, 120, 220,
or 240 VAC.

Specifications and prices are subject to change without nt

| PKENWOOD

TS-930S Optional Accessories:
AT-930 automatic antenna tuner,
SP-930 external speaker, with select-
able audio filters, YG-455C-1 (500
Hz), YG-455CN-1 (250 Hz), YK-
88C-1 (600 Hz) CW filter, YK-88A-1
(6 kHz) AM filter, all plug-in type.
SO-1 commercial stability TCXO,
MC-60A deluxe desk microphone,
MC-80 and MC-85 communications
microphones, MC-42S maobile hand
microphone, TL-922A linear amplifier
(not for CW QSK), SM-220 station
monitor, PC-1A phone patch,
SW-2000 SWR/power meter, 160 ~
6 meter, SW100A SWR/power/volt
meter 160-2m HS-4, HS-5, HS-86,
and HS-7 headphones.

Isn't it about time you stepped
into the winner's circle?

More information on the TS-930S
is available from authorized dealers
of Trio-Kenwood Communications,
1111 West Walnut Street,

Compton, California 90220.

tice or pbligation
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NEW FROM MP)

MFJ-1229

*179 %

Engineering, performance, value and features
sets MFJ's most advanced RTTY/ASCII/AMTOR/
CW computer interface apart from others.

FM (limiting) mode gives easy, trouble-free oper-
ation. Best for general use, off-shift copy, drift-
ing signals, and moderate signal and QRM levels.

AM (non-limiting) mode gives superior per-
formance under weak signal conditions or when
there are strong nearby stations.

Crosshair mark-space LED tuning array simu-
lates scope ellipse for easy, accurate tuning
even under poor signal-to-noise conditions. Mark
and space outputs for true scope tuning.

Transmits on both 170 Hz and 850 Hz shift.

MFJ'S MOST ADVANCED RTTY/ASCII/AMTOR/CW COMPUTER
FM, AM MODES, LED “SCOPE” TUNING ARRAY, RS-232 INTERFACE, VARIABLE
SHIFT TUNING, 170/850 Hz TRANSMIT, TRUE MARK-SPACE DETECTION.

FREE MFJ RTTY/ASCII/CW software for C-64/VIC-20.
Complete package includes MFJ-1229, software on tape,
cables for C-64/VIC-20.

Bullt-in R$-232 interface,no extra cost.

Variable shift tuning wets you copy any shift
between 100 and 1000 Hz and any speed (5-100
WPM RTTY/CW and up to 300 baud ASCII).
Push button for 170 Hz shift.

Sharp multi-pole mark and space filters give
true mark-space detection. Ganged pots give space
passband tuning with constant bandwidth. Factory
adjusted trim pots for optimum filter performance.

Multi-pole active filters are used for pre-
limiter, mark, space and post detection filter-
ing. Has automatic threshold correction. This
advanced design gives good copy under QRM,
weak signals and selective fading.

INTERFACE HAS

Has front panel sensitivity control.
Normal/Reverse switch eliminates retuning while
checking for inverted RTTY. Speaker jack. +250
VOC loop output.

Exar 2206 sine wave generator gives phase con-
tinuous AFSK tones. Standard 2125 Hz mark and
2295/2975 Hz space. Microphone lines: AFSK aut,
AFSK ground, PTT out and PTT ground.

FSK ng for transcsivers with FSK input.
Has sharp 800 Hz CW filter, plus and minus CW
keying and external CW key jack.

Kantronics software compatible socket.

Exclusive TTL/RS-232 general purpose socket
allows interfacing to nearly any personal com-
puter with most appropriate software. Available
TTL/RS-232 lines: RTTY demod out, CW demod
out (TTL only), CW-ID in, RTTY in, PTT in,
key in. All signal lines are buffered and can be in-
verted using an internal DIP switch.

Metal cabinet. Brushed aluminum front. 12ex
2%x6 inches. 18 VDC or 110 VAC with optional
AC adapter, MFJ-1312, $9.95.

Plugs between rig and C-64, ViC-20, Apple, TRS-
80C, Atari, TI-99 and other personal computers.
Use MFJ, Kantronics, AEA and other RTTY/
ASCIIZAMTOR/CW software.

7-IN-1 RTTY OPERATING AID

MF-1221 %

Indispensable. Improves any RTTY station.

1. Crosshair LED ''scope’” Tuning Array. Makes
tuning quick and easy with dead-on accuracy. Tune
for maximum vertical and horizontal display.

2. Scope Adapter. Mark/Space outputs for scope.

3. Shift Indicator. LEDs indicate 170, 425, 850 Hz
shift. Especially useful for RTTY outside ham bands.

4. Sharp Mark and Space Filters. Greatly improves
copy under crowded, fading and weak signal condi-
tions. For 170, 425; 850 Hz shifts.

5. Normal-Reverse Switch. Check for inverted RTTY
without changing sidebands and retuning.

6. Output Level Control. Adjust signal level into TU.

7. Limiter. Evens out signal variation for easier,
smoother copy.

Plugs between receiver and TU. Mark is 2125 Hz
and Space is 2295, 2550, or 2975 Hz. 10x2x6 inches.
Uses floating 18 VDC or 110 VAC with AC adapter,
MFJ-1312, $9.95.

24/12 HOUR CLOCK/ID TIMER
Switch to 24 hour UTC ~ MFJ-106 $19.95
or 12 hour format! Bat- -

tery backup. ID timer a- —1
lerts every 9 minutes |

after reset. Red .6 in.

LEDs. Synchronizable to WWV. Alarm, Snooze func-
tion. Minute, hour set switches. PM, alarm on indica-
tors. Gray/Black cabinet. 5x2x3 in. 110 VAC, 60 Hz.

MFJ ELECTRONIC KEYER

MFJ-407

$69.95

MFJ-407 Deluxe Electronic Keyer sends
iambic, automatic, semi-auto or manual. Use
squeeze, single lever or straight key. Plus/
minus keying. 8 to 50 WPM. Speed, weight,
tone, volume controls. On/Off, Tune, Semi-
auto switches. Speaker. RF proof. 7x2x6
inches. Uses 9 V battery, 6-9 VDC or 110 VAC
with AC adapter, MFJ-1305, $9.95.

MFJ PORTABLE ANTENNA

MFJ's Portable Antenna lets you operate 40,
30, 20, 15, 10 meters from apartments, motels,
camp sites, vacation spots, nearly any electri-
cally clear location where space for a full size
antenna is a problem.

A telescoping whip (extend§ to 54 in) Is
mounted on self-standing 6x3x@ inch aluminum
case. Built-in antenna tuner, figld strenght me-
ter, 50 feet RG-58 coax. Com
portable antenna system that

MFJ-1621
$79.95

MFJ ANTENNA BRIDGE MrJ-204
MFJ Antenna Bridge. Trim your an- 579'95
tenna for optimum performance quickly
and easily. Read antenna resistance up
to 500 ohms. Covers all hams bands be-
low 30 MHz. Measure resonant fre-
quency of antenna. Tells to lenghten or
shorten antenna. Easy to use, connect
antenna, set frequency, adjust bridge
for meter null and read antenna resist-
ance. Has frequency counter jack. Use
as signal generator. Portable, self con-
tained. 4x2x2 in. 9 V battery or 110
VAC with adapter, MFJ-1312, $9.95.

MICROPHONE EQUALIZER

Greatly improves transmitted SSB speech for maxi-
mum talk power. Evens out speech peaks and valleys
due to voice, microphone and room characteristics
that makes speech hard to understand. Produces
cleaner, more intelligible speech on receiving end
Greafly improves mobile operation by reducing bassy
peaks due to acoustic resonances. Plugs between mic
and rig. 4 pin mic jack, shielded output cable. High,
mid, low controls provide % 12 db boost or cut at 490,
1170, 2800 Hz. Mic gain, on/off/bypass switch.
*'On" LED. 7x2x6 inches. 9 V battery, 12 VDC or 110
VAC with adapter, MFJ-1312, $9.95.

* Add $4.00 each shipping/handling
for free catalog, over 100 products.

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT DELIGHTED, RETURN WITH-
IN30DAYS FOR PROMPT REFUND (LESS SHIPPING)
* (ne year unconditional gquarantee * Made in USA.
« Call or write

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

TO ORDER OR FOR YOUR NEAREST
DEALER, CALL TOLL-FREE
800-647-1800. ca 601-323-5869
in Miss. and outside continental USA
Telex 53-4590 MFJ STKV

i
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polish until it shines

It was a lazy afternoon. The air was warm, the sky was blue, and a soft sea breeze wafted
gently across the deck. The place was Martinique, and a young radio operator from the
SS Brasil — me — had the afternoon free. In those days my call sign was WMDT (all ships used
four letters for identification), and | was at the halfway point in my fourth trip out to sea as a radio
operator in the U.S. Merchant Marines.

Thinking back now, | recall the slow, undulating motion of the ship, the immense expanse of ocean,
and the fresh smell of sea breeze created by the water splashing against the fantail. It was a wonder-
ful experience for a lad of 19 to be able to visit many foreign ports, operate a high-power shipboard
radio station (with four receivers), to receive room and board — and be paid — for the privilege!

On that lazy afternoon | decided to visit my counterparts (radio operators) aboard the SS France
{(FNRR). | suppose it was natural to want to see what equipment and antennas they had, what operating
procedures they used, and in general, what their life was like aboard ship.

While the radio room on the France was larger than the Brasil’s, they had about the same comple-
ment of transmitters and receivers as we had aboard our vessel, plus a high-resolution TV system
used to pipe signals throughout the ship. Although our working conditions seemed similar, our feel-
ings seemed to be quite different. The radio operators (there were about six, | believe) all appeared
to be good, close friends, and they obviously enjoyed each other’s company. | couldn’t help but com-
pare the atmosphere aboard my ship with that of the France. Though we were all friendly while on
duty, we went our separate ways immediately after docking — | guess you could call our style “rug-
ged individualism.” | found myself preferring, however, the camaraderie shown by my new-found
friends aboard this ““foreign’ liner.

What is a visit to France (or a French ship) without tasting the food? | was invited to lunch. In
the cafeteria we enjoyed an excellent meal, several glasses of good wine, and amicable conversa-
tion. But suddenly my attention focused on one of the kitchen workers. | couldn’t help noticing the
considerable effort he was applying to the polishing of his equipment. Summoning up my best French,
| went over to him and asked why he worked so hard. Were they that strict aboard the ship?

First he laughed. Then he became quite serious and said something that I'll probably never forget:
“This is my job. | want to do the best | can at it. If | thought it were ‘beneath me’ to do this job,
I'd get another.”

| couldn’t help thinking how many people | knew and had known who had what might be consid-
ered very good jobs, yet complained, for one reason or another, that they should have been doing
something else. We have so much in this wonderful country of ours. We have resources and resource-
fullness. Our children have the opportunity to acquire an excellent education, and we have the facilities
to train them — and ourselves — for many different interesting jobs.

In Amateur Radio it's no different. We have the equipment, spectrum, technical resources, and
obviously the time (just listen to some of our lengthy rag chews!) and yet | often come away from
an evening on the air with the feeling that something’s missing. We're all, it appears, “rugged indi-
viduals” diligently protective of our own frequencies and thoughts, content to do the same thing
day after day. (For those who know my operating habits, perhaps I'm a fine one to talk . . . | do
zero in on chasing quite a bit of DX.) | guess what I'm trying to say is that I'd be very happy to see
what we have appreciated more and used more fully.

For my part I’'m going to continue my experiments in antenna development and propagation studies,
my two favorite technical subjects. But first I'm going to work on a more pressing problem — how
to squeeze just two more hours into a 24-hour day. | dont think that's asking for too much.

Rich Rosen, K2RR
Editor-in-Chief
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REALLOCATION OF THE TOP HALF OF 160 METERS TO RADIOLOCATION could take place in the
very near future. In a mid-September Notice of Proposed Rule Making, the Commission has
proposed moving non-government radiolocation operations from their present slot between the
top end of AM broadcast and the bottom of 160 up to 1900-2000 kHz. The shift is based on
the WARC '79 upward expansion of AM broadcast, displacing present radiolocation operation.

Ironically, The Importance Of Medium Frequency Radiolocation is being questioned in a
Petition for Initiation of Inquiry Procedure filed by the ARRL just the day before the FCC's
NPRM was released. 1In it the League asks that the actual spectrum requirements of the
individual radiolocation users be specified along with the actual number of such stations
that might be active in any geographical area. Though the ARRL petition addressed the needs
of all non-government radiolocation, it specifically asked the Commission to consider whether
radiolocation's real needs are sufficient to justify taking over the 1900-2000 kHz slot.

The League Has Now Petitioned The FCC To Withhold Consideration of the reallocation docket
until after it considers the League's Inquiry Procedure petition.

A BILL STRENGTHENING FEDERAL LAW ON MALICIQUS INTERFERENCE has been introduced in the
U.S. Senate by Barry Goldwater, K7UGA. In his bill, S-2975, Sen. Goldwater would make any
operator of equipment used to maliciously interfere with any form of radio communications
(or radar) subject to Section 501 of the Communications Act if he continues after receipt
of written notice to stop. Section 501 provides for fines up to $10,000 and two years in
prison; under present law the fine for malicious interference is only $500. In addition,
the equipment used to generate the malicious interference could also be siezed.

RELIEF OF AMATEUR OPERATIONS FROM STATE AND LOCAL REGULATION is being sought by the ARRL.
The League has asked the FCC to issue a 'Declaratory Ruling of Limited Federal Preemption
of State and Local Regulation of Amateur Radio Station Installation and Operation,' to spell
out just what limitations local and state authorities could place over federally-licensed
Amateurs. A similar request regarding local regulation of TVRO satellite dishes was filed
some time ago by United States Communications, Inc.

Comments From Concerned Amateurs, Particularly Those who've had problems with local
regulators, are being sought by the Commission. An original and four copies should go to
the Secretary, FCC, 1919 M St., NW, Washington, D.C. by November 9; refer to PRB-1. A copy
of those Comments, along with any supporting documentation, would also be very helpful to
the ARRL in its efforts. USCI's proposal on behalf of TVRO owners has generated strong
opposition from a number of governmental organizations, and it's almost certain they'll
resist the League's request with equal fervor.

THOUGH THERE'S BEEN NO REAL CHANGE IN THE 220 MHZ SITUATION since last month's
Presstop, there have been some interesting developments. 220 Notes' Publisher K9XI has
requested a Congressional investigation of the FCC's Office of Science and Technology,
based on concerns that the OST may have been improperly involved in the STI petition that
asked for reallocation of the 220-222 MHz slot to ACSB. '"Westlink" reports Congress is
getting plenty of mail on the subject, with Sen. Goldwater's office receiving about a
thousand letters from concerned Amateurs and California Senator Pete Wilson almost 400.

WAZMCT's Petition To Permit Novices All-Mode 220 Privileges has been denied and dis-
missed by the FCC. In denying the petition Private Radio Bureau Chief Bob Foosaner
noted that both the FCC and National Telecommunications Information Administration (NTIA)
are conducting on-going studies of future 216-225 MHz uses, so it is ''mot appropriate to
consider petitions which could have a major impact on the 220 MHz band...'" at this time.

A SPREAD SPECTRUM FREQUENCY HOPPING 2-METER BEACON IS NOW ON THE AIR from Falls Church,
Virginia. Start and stop frequencles are 144.5 and 147.7 MHz, on a 25-kHz spaced pseudo-
random pattern. It's transmitting MCW on narrow band FM with a hop rate of 10 hops per
second, sending a series of Vs followed by the station ID. Contact N4EZV for details.

EXTENSIVE CHANGES IN THE VEC PROGRAM HAVE BEEN PROPOSED by W6NLG on behalf of the Sunny-
vale VEC Amateur Radio Club, the newly appointed California VEC. They'd like the prior
notification requirement relaxed, and more leniency with respect to the exams Advanced
class VE's can administer. They'd also limit any VEC to a maximum of 3 call areas, to
provide for local control. An RM number has not been assigned at the present time.

It Appears The FCC May Let The VEC Program Run As Is for the time being, until both
it and the participants have enough experience to know what (if any) real bugs it has. How-
ever, it may act favorably on RM-4835, which would shorten the delay period for retaking a
failed exam from the present 30 days to 7, despite ARRL opposition.

ARIZONA IS ADOPTING 20 KHZ SPACING ON 2 METER'S TOP END, effective immediately. No
more "odd digit" coordination for either new repeaters or for changes in existing machines
will be permitted, and a statewide program to move all odd digit systems will begin soon.

AN NPRM TO IMPLEMENT VARIOUS WARC BANDS IS DUE for FCC release very soon, possibly before
this sees print. 1It's expected to include 24 and 902 MHz as well as 10 MHz (still operating
under temporary authorization), and probably other WARC changes as well.

6 November 1984
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Kantronics

The new Kantronics
Challenger makes you the
winner with superior
performance at a knockout price.
The Challenger terminal unit is
designed for RTTY/ASCII/
'AMTOR operation with any of
the Kantronics software
programs. Compare our
specifications with the
competition, then check the
price.

Challenger's four pole
switched capacitance filter gives
sensitivity and selectivity found
in units costing much more. And
with only 5mvRMS of audio
required to drive Challenger, you
can really chase the weak
signals. With features like Scope
Outputs, Direct FSK or Crystal
Controlled AFSK, and an
Extruded Aluminum Case, you
know this is Kantronics quality.

lt KKantronics ==————== Challenger .

-

Quality at ayhockout Price

IYIY5

If you really want to work
RTTY/ASCII/AMTOR without
breaking the budget, get
Challenger and a Kantronics
software program. Kantronics
currently offers programs for
Apple, Atari, TRS-80C, VIC-20,
TI-99, and Commodore 64
computers.

Kantronics Software

Hamsoft — Send/Receive CW,
RTTY, ASCII * Split Screen
Display * Message Ports « Type-
Ahead Buffer » Printer
compatibility.

Hamtext — Includes all features
of Hamsoft plus Text

Specifications

T T LT A ——— e Ema

Editing * Receive Message
Storage * Variable Buffer
sizes * Diddle * Word
Wraparound » Time and Text
Transmission.

Hamsoft/ Amtor — Includes all
features of Hamsoft plus
communication in all three
modes of AMTOR.

Amtorsoft — Includes all the
features of Hamtext but is for use
with AMTOR ONLY. The Apple
program is available only as a
Hamtext/Amtorsoft
combination.

Supertap — Receive Only CW,
RTTY, ASCII, AMTOR » Decode
inverted, bit inverted, and
unusual bit order * Multiple line
display * “SCOPE" feature for
baud rate measure.

Input Filter — Four pole Switched Capacitance Filter
with 170Hz Shift RTTY bandwidth of 260Hz nominal
Copies any shift.

Audio Input — Minimum level 5mvRMS. Input
impedance is 600 ohms unbalanced. Accepts baudot or
ASCII code up to 300 baud. Max input level is 12VRMS.
AFSK Output — Crystal controlled. Mark-2125Hz; Space-
2295Hz (170 shift). Level 100mvpp (35mvRMS) standard.
Optional 500mvpp (175mvRMS). Output impedance 600
ohm unbalanced.

FSK Output — Open Collector +40 VDC Max. Polarity can
be reversed.

Scope Output — 10K ohm output impedance.

PTT Output — Open Collector +40 VDC Max.
Computer Connection — TTL Compatible. Inputs also
RS232 level compatible.

Power Requirements — 11 to 15 VDC (12VDC nominal)
75ma

Construction — Precision Extruded Aluminum Alloy
Case

Dimensions — 1.9"H x 5.9"W x 7"'D

Weight — 1% lbs.

K< Kantronics

1202 E. 23rd Street
Lawrence, Kansas 66044



RF

TRANSISTORS

FRESH STOCK - NOT SURPLUS
TESTED — FULLY GUARANTEED

2-30MHz 12V (* =28V)

PIN Rating Ea. Match Pr
MRF406 20W $14.50 $32.00
MRF412 80w 18.00 40.00
MRF412A 8sow 18.00 40.00
MRF421 100W 25.00 54.00
MRF421C 110W 27.00 58.00
MRF422* 150W 38.00 82.00
MRF426° 25W 17.00 40.00
MRF426A"* 25W 17.00 40.00
MRF433 13w 14.50 32.00
MRF435" 150W 42.00 90.00
MRF 449 30w 12.00 27.00
MRFA449A 30w 11.00 25.00
MRF450 50W 12.00 27.00
MRF450A 50W 12.00 27.00
MRF453 60W 15.00 33.00
MRF453A 60W 15.00 33.00
MRF454 80W 16.00 35.00
MRF454A 80w 16.00 35.00
MRF455 60W 12.00 27.00
MRF455A 60W 12.00 27.00
MRF458 80w 18.00 40.00
MRF460 60W 16.50 36.00
MRF475 12W 3.00 9.00
MRF476 3w 2.50 8.00
MRF477 40W 13.00 29.00
MRF479 15W 10.00 23.00
MRF485* 15W 6.00 15.00
MRF492 90w 18.00 39.00
SRF2072 75W 15.00 33.00
CD2545 50W 24.00 55.00

Selected High Gain Matched Quads Available
VHF TRANSISTORS

Type Rating Ea Match/Pr
MRF221 15W $10.00 —
MRF222 12w 12.00 -
MRF224 40W 13.50 $32.00
MRF231 3.5W 10.00 —
MRF234 25W 15.00 39.00
MRF237 1w 2.50 -
MRF238 30w 12.00 —
MRF239 30w 15.00 -
MRF240 40W 16.00 —
MRF245 80w 25.00 §9.00
MRF247 80w 25.00 59.00
MRF260 5W 6.00 -
MRF264 30W 13.00 —
MRF492 70W 18.00 39.00
MRF607 1.8W 2.60 —
MRF627 0.5W 9.00 —
MRF641 15W 18.00 —
MRF644 25W 23.00 —
MRF646 40w 24.00 59.00
MRF648 60W 29.50 69.00
SD1416 80w 29.50 —
SD1477 125W 37.00 —
2N4a27 iw 1.25 -
2N5945 aw 10.00 —
2N5946 10W 12.00 —
2N6080 aw 6.00 —
2N6081 15W 7.00 —
2N6082 25w 9.00 —
2N6083 30w 9.50 —
2N6084 40w 12.00 29.00

TMOS FET
MRF137 30W $22.50 —
MRF138 30W 35.00 —
MRF 140 150w 92.00 -
MRF150 150W 80.00 -
MRF172 80w 65.00 —
MRF174 125W 88.00 —

Technical Assistance & cross-reference
information on CD, PT, RF. SRF, SD PINs
Call Engineering Dept (619) 744-0728

RF Parts Catalog Available
OEM & Quantity Discounts

Minimum Order $20 Add $3.50 Shipping
WE SHIP SAME DAY C.0.D./IVISAIMC

ORDERS ONLY: 800-854-1927

N WESTCOM

1320 Grand Ave. San Marcos
California 92069 (619)744.0728
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comments

wait for the mailman

Dear HR:

Thanks for bringing VHF and UHF
out of the dark ages and into the
daylight. As | sat here carefully cutting
out W1JR’s article on propagation,
{July, 1984) it occurred to me that it's
the best primer I've ever read. The arti-
cle now has a home on my research
book shelf right next to authorities
such as MNatural Electromagnetic
Phenomena, Electronic Density Pro-
files in the lonosphere and Exosphere,
and other noteworthy journals and
papers.

WB3BGU's series on VHF and UHF
Antenna Design (May-October, 1984)
helps clear the smoke screen on design
that has snowed hams for years. | have
built and put up some large arrays over
the years; Stan’s notes are the best
guide ever written for hams.

Since Rich Rosen took over as
Editor-in-Chief, ham radio has moved
to the number 1 position on my wait-
for-the-mailman list. Keep up the great
work.

Sid Liberman, WA2FXB
Woodbridge, New Jersey

Model 28 printer
Dear HR:
| have a TRS80 Color Computer,™
Kantronic Software, and an MFJ
TU-1224. I'd like to use my Model 28
as a printer. Can someone out there
show me how?
John L. Gill
6000 Duda Road
House Springs, Missouri 63051

cheers

Dear HR:

Regarding your July, 1984 editorial,
“The Number 1 Question,” thanks!
Not exactly for spelling out how to
write a magazine article, but for an-
nouncing the birth of the *“Superduper
Louden-Boomer Metal Noodle.”” We in
this area are using the ““‘new and im-
proved’” version with extraordinary
results and will shortly — yesterday, |
believe — come out with an even more
versatile one —the DASH 2 — on
which | would be glad NOT to write a
technical paper.

Seriously, though, | enjoy ham radio
very much. Keep up the good work!

Frank Brumett, WB4CiZ
Lexington, Kentucky

wideband VCO design

Dear HR:

Your July, 1984, issue came just in
time. | was showing my students how
to use the Smith chart for finding the
length of a transmission line to act as
an inductor and | wanted a circuit to
build. Alan Victor's article on wide-
band VCO design was just what |
needed.

The circuit was easy to build, and
because the resonator is shielded, it
was immune to handling by the stu-
dents. | was able to vary the frequen-
cy of the Colpitts oscillator throughout
the FM radio band for the students to
hear. This circuit helped my students
in applying theory to a practical
application.

Joe Avampato, W8B8DKR
Fort Mill, South Carolina

In the May, 1984, article, ''Remote-controlled
40, 80, and 160-meter Vertical,”" reference
was made to 4-inch O.D. irrigation pipe.
Local inquiries produced the following infor-
mation: 4-inch aluminum irrigation pipe with
0.050 inch wall is available in lengths up to
40 feet from Larchmont Engineering, P.O.
Box 66, 11 Larchmont Lane, Lexington,
Massachusetts 02173. The price is $2.38 per
foot; other sizes are available. {(Check your
local phone book for additional sources.}
For additional sources of Ledex, also
specified in W7LR’s article, send an SASE
to ham radio, Greenville, New Hampshire
03048.
Editor
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pacesetier in amaleyr radio

TS-430S “Digital DX-terity!”

Digital DX-terity...that outstanding
attribute built into every KENWOOD
TS-430S that lets you QSY from
band to band, frequency to fre-
guency, and from mode to mode
with the speed and ease that will
give you a dominant position in DX
operations.

KENWOOD'S TS-430S, a revo-
lutionary, ultra-compact, HF trans-
ceiver has already won the hearts
of radio Amateurs the world over.

It covers 160-10 meters, including
the new WARC bands (easily modi-
fied for HF MARS). Its high dynamic
range receiver tunes from 150 kHz-
30 MHz. It utilizes an innovative UP
conversion PLL circuit for superior
frequency stability and accuracy.
Two digital VFO's allow fasl split-
frequency operations. A choice of
USB, LSB, CW, or AM, with FM
optianal, are at the operators finger-

tips. All Solid-state technology per- ’

" mits inputs of 250 watts PEP on
SSB, 200 watts DC on CW, 120
watls on FM (optional), or 60
watts on AM. Final amplifier
protectlion circuits and a
cooling fan are built-in.

Eight memories store frequency,
mode, and band data, with Lithium
battery memory back-up. Memory
scan and programmable automatic
band scan help speed up opera-
tions. An IF shift circuit, a tuneable
nolch filter, and a Narrow-Wide
switch for IF filter selection help
eliminate QRM, It has a built-in
speech processor. A fluorescent
tube digital display makes tuning
easy and fast. An all-mode squelch
circuit, a noise blanker, and an RF
attenuator control help clean up the
signal. And there's a VOX circuit,
plus semi-break-in, with side-tone.
All-in-all, it just could be that the
expression “Digital DX-terity” is a bit
of an understatement.

TS-430S Optional Accessories:
In typical KENWOOD fashion, there
are plenty of aptional accessories
for this great HF transceiver. There
is a special power supply, the
PS-430, An external speaker, the
SP-430, is also available. And the
MB-430 mounting bracket is avail-
able for mobile operation. The

AT-250 automatic antenna tuner was
designed primarily with the TS-430S
in mind, and for those who préfer to
“roll their own] the AT-130 antenna
tuner is available. The FM-430 FM
unit is available for FM operations.
The YK-88C (500 Hz) or YK-BBCN
(270 Hz) CW filters, the YK-88SN
SSB filter, and the YK-88A AM filter
may be easily installed for serious
DX-ing. An MC-60A deluxe desk
microphone, MC-80 and MC-85
communications microphones, an
MC-42S mobile hand mic., and an
MC-55 8-pin mobile microphone,
are available, depending on your
requirements. TL-922A linear ampli-
fier (not for CW QSK), SM-220 sta-
tion monitor, PC-1A phone patch,
SW-2000 SWR/power meter 160 ~6
meter, SW100A SWR/power/volt
meter 160-2m, HS-4, HS-5, HS-6,
HS-7 headphones, are also available.
More information on the TS-430S
is available from authorized dealers
of Trio-Kenwood Communications,
1111 West Walnut Street,
Compton, California 80220.




TS-711A Muiti-function
all-mode 2 m transceiver.
The TS-711A 2 m all-mode
transceiver 1s the perfect
base station unit. It features
Kenwood's innovative D.C.S.
circuitry that allows your
TS-7T11A to respond only to
signals that include a pre-
selected digital code. The
system recognizes 100,000
different 5-digit codes, making

TS-670 All-mode
“Quad Bander”

The TS-670 "Quad Bander”
Is a unigue all-mode trans-
ceiver that covers the 6 meler
VHF band and the 10, 16 and
40 meter HF bands. FM opera
tion may be added with the
optional FM-430. Key features
include dual digital VFO's, 80
memory channels, memory
scan, and programmable band

paceseller iy amateur raaio

it possible for each station to
have its own “private call;
*group call! or "common call”
code. Built-in dual digital VFO's
provide commercial-grade fre
quency stability through the
use of a TCXO (Temperature
Compensated Crystal Oscil
latar). The new tluorescent
multi-function display shows
frequency, RIT shift, VFO A/B
SPLIT, ALERT, repeater oftset,
digital code, call sign code
and memaory channel. 40 mulli-
function memories store fre

scan. Direct keyboard fre
aquency selection allows you 1o
enter a frequency to either VFO
or to a8 memory channel using
the 10-button key-pad on the
front panel. The 2-color Huo
rescent tube a indicates
frequency Lo tt 2]

100 Hz (10 Hz modifiable) and
includes LED indicalors that
signal the specific funclions in
use. The op C-10 ger
eral coverage rec er unit
allows continuous tuning from
500 kHz to 30 MHz. The V5-1

3l

quency, mode, repeater offsel
and tone. It has programmable
scan, memory scan, and mode

scan, The Autg-mode tunction
automatically selects the cor

rect mode 1or the lrequency

being used. When a mode
key 1s depressed, an audible

announces mode
-ation in International
Morse Code

The TS-711A has all-mode
squelch, noise blanker, speech
processor (SSB, FM), IF shift,
RF power control, alert, and a

voice synthesizer unitis another
popular aption available. All
this plus IF shift, all-mode
squelch, CW semi-break-in with
sige tone, narrow-wide filter
selection, noise blanker, and
R.F. attenuator make the TS-670
" the nex! trans

ould own!

FM Umil

unigque channel Quick-Step
tuning that vanes tuning char
actenstics from conventionai
VFO feel, to stepping action

when CH.Q swilch is depress

Optional accessories:

o C-10 Call S1gn Display
Tane Uil e V51
MC-B0A

C-80

voice

o MB-430 N Moumt

. l.'=. 20 DC

Filler « YK-88CN 270 Hz C
Filter @ YK-BBA'6 kHz AM Fjlter
® PS-430 DC Power Supph

o KPS:7A DC Power Supg

o MC-60A Deluxe Des
e Desk Mic e
MUt inction Desk Mic
« VOX-4 VOX Uml



You touch. It holds.

$12 gets you the world’s first It's the top model in the world cham- FROM THE WORLD LEADER
handheld digital/analog pion Fluke 70 Series line — the first IN DIGITAL MULTIMETERS.
multimeter with “Touch Hold” industrial quality autoranging multimeters

The Fluke 77 to combine digital and analog displays.
Its unique “Touch Hold"** function These tough, American-made meters fea-

automatically senses and holds readings, ture a three-year warranty and 2000+

leaving you free to concentrate on posi- hour battery life.

tioning test leads without having to watch So call now for the complete story on

the display. the Fluke 77 with “Touch Hold:" Because
Then, when you have a valid reading, it if you don't deserve the world's first, who

signals you with an audible beep. in the world does? o FLUKE73 __ FLUKE 75 FLUKE 77
The Fluke 77 is perfect for those test For the name of your distributor or a ':fa_-- = L.

. o PR ‘ alog/dhgital dispha Anglog/digital dispd log/digital displ
situations where accessibility is a problem, free brochure, call our toll-free hotline e e e
or when extra care is needed for critical  anytime 1-800-227-3800, Ext. 229. = S T
measurements. From outside the U.S., call 1-402-496-1350, Ex. 229, 7% basc ooy Actorange/onge 1o o Hold ot

2000+ hour battery lite 0 .5% basic dc accuracy  Autorange‘range hold
3-yeat wattanty 2000+ hour bahery lile  0.3% basic de accuracy
3-year warranty 2000+ how baftery life
S 3-@: wdfmg
Multipurpose holster
* Suggested US list prce, effective July 1 1984
** Patent pending

" r ®
Copynght () 1984. John Filuke Mig Co . Inc. All nghts reserved Ad No. 4701-77
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= ELECTRO-SCAN 84

Features
* Economical

* | ock and Key

e On-Off Switch

* 36 volt DC motor

* Precise positioning

® 10 Turn potentiometer

Your wisest choice in « Analog Micro Systems
automatic dish positioners. * 1 year limited warranty

» State-of-the-art circuitry
To learn more about the finest « 18" Saginaw Acme actuator
in low cost, high performance e LED to indicate dish movement
dish positioners, contact. . . * Modern, attractively styled control box

e Dial control always showing dish location

=1
ELEc I Ro BOM 5512 Savina Avenue * Dayton, Ohio 45415 » Phone (513) 832-2937

More Details? CHECK —OFF Page 158 ~ 148 November 1984 13



quiet! preamp at work

Understanding preamplifiers
means understanding

all the important parameters
of receiver performance

For years, the standard technique employed by
Radio Amateurs to improve receiver sensitivity has
been to precede their receivers with one or more
stages of preamplification. Invariably a preamplifier
that performs well on the bench will actually degrade
the actual on-the-air system sensitivity. This article ex-
plores the relationship between gain, noise figure,
bandwidth, distortion, and sensitivity in an attempt to
answer the classic preamp question, “If a little is good,
is a lot better?”’

sensitivity

Sensitivity is a measure of the weakest input signal
that will produce a specified output signal-to-noise
ratio. We can quantify receiver performance in terms
of minimum discernible signal sensitivity, which is the
input level producing an output signal-to-noise ratio
of unity; tangential signal sensitivity , which gen-
erally refers to the input level needed to produce an
output signal-plus-noise to noise ratio of 6 dB or the
RF level required to produce a detected signal which
is 8 dB above the RMS noise level'; or threshold,
which refers to the input amplitude required to pro-
duce a specified level of receiver quieting and is fre-
quently employed in FM systems. All of these sensitiv-

14 November 1984

ity measures are a function of the receiver circuitry’s
internally generated noise, bandwidth, and distortion.

Of these three parameters, the receive bandwidth
can be considered fixed for a given application, and
would ideally be wide enough to pass all the modula-
tion sidebands of the desired signal, yet sufficiently
narrow to exclude both background noise and any
adjacent-channel signals. Because the response band-
width of modern receivers is established primarily in
the IF stages, it is relatively independent of the param-
eters of any preamplifier employed.

Both noise and distortion, on the other hand, are
very much influenced by preamplifier performance.
Most Radio Amateurs are now aware that preamplifier
gain, by itself, does not necessarily assure an improve-
ment in receiver sensitivity. Rather, to be beneficial
in a system, the preamplifier must generate an inter-
nal noise level significantly lower than that generated
by the receiver it precedes. The noise relationships in
a cascade of stages are quantified by the now-familiar
Friis Equation.?2 A well-known rule of thumb derived
from the Friis Equation is that if a preamp’s gain ex-
ceeds by at least 10 dB the noise figure of the receiver
it precedes, the noise performance of the preamplifier
will dominate the cascade.

Yet the above relationship serves merely to confuse
the Amateur who measures a new preamp at a region-
al VHF Conference at, say, 3 dB noise figure for 15
dB gain, brings it home, installs it in front of a 10 dB
noise-figure receiver, and finds its sensitivity actually
degraded. What has been overlooked? Probably the
effects of distortion.

distortion

A linear amplifier is one whose output signal is an
exact replica of the input signal, measured in either

By H. Paul Shuch, N6TX, 14908 Sandy Lane,
San Jose, California 95124
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fig. 1. Two-tone intermodulation distortion test
configuration.

fig. 2. Typical intermodulation distortion spectrum display.
Note the next pair of “signals’” (IMD) are 20 dB down from
the primary two-tone output.

the time or frequency domains, differing only in its in-
creased amplitude. Try as we might, we cannot build
truly linear amplifiers in the real world. Any non-
linearity introduced by an amplifier will manifest itself
as a deviation from sinusoidal response when viewed
in the time domain, or as the generation of new fre-
guencies when measured in the frequency domain.

In a receive preamplifier, as in any non-linear device,
the distortion products generated are integer multiples
(harmonics) of the input frequency, plus their various
sums and differences. Normally these distortion prod-
ucts would not degrade receiver sensitivity, as they
would fall outside of the receiver's passband. Rare,

however, is the receiver to which only a single input
signal is applied. In our crowded spectra, we can an-
ticipate countless signals of varying amplitudes within
the passbands of our preamplifiers, only one of which
(at a time) can be said to constitute “signal.” All poten-
tially interfering waveforms must, from a communica-
tions standpoint, be classified as noise.

It is these multiple input signals that give rise to both
intermodulation (mixing of in-band signals) and cross-
modulation (mixing of signals from in-band with out-
of-band) distortion. When the harmonics of one signal
mix with the harmonics of another, the resulting distor-
tion products can fall within the receiver passband,
degrading sensitivity.

dynamic range

Neglecting distortion effects, the weakest signal to
which a receiver can respond is a function of its band-
width and noise performance. If the multiple input sig-
nals applied to a receive system are all relatively low
in amplitude, their distortion products may fall below
this sensitivity limit, and be negligible. But if the in-
put signals are of sufficient amplitude, their distortion
products may appear strong enough to degrade recep-
tion of the desired signal. Thus, noise figure of a re-
ceiver generally determines the weakest signal to
which it can respond. Maximum spurious free input
signal, a function of a receiver’s linearity, establishes
an upper limit for the range of signal amplitudes to
which the receiver can respond without generating
perceptible distortion. The difference between sensi-
tivity and maximum spur-free input levels is called
spurious-free dynamic range, and represents a primary
limitation in receiver performance.

Dynamic range is generally degraded by the addi-
tion of a preamplifier in front of a receiver. Although
the low inherent circuit noise of a preamplifier may
significantly improve minimum discernible signal sen-
sitivity, degradation occurs because any additional
gain in a system increases the amplitude of the desired
signal, but increases the amplitude of the distortion
products at an even greater rate, diminishing the max-
imum spurious-free input signal level. Thus, at least
with respect to preamplifier gain, the old axiom, "'If
a little is good, a lot is better”” can get us into trouble.
Preamplifiers should be used only when actually nec-
essary to improve weak-signal performance, and then
only with as much gain as is actually necessary to
establish the required system noise performance.

Even so, preamplifiers can result in a net degrada-
tion in system sensitivity. Some preamps are worse
than others in this respect; as far as dynamic range
is concerned, not all preamps are created equal. We
need to measure and quantify their dynamic range,
as well as their noise figure, in order to accurately pre-
dict their impact on system performance. —/1/—p
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10 “---emoeee > IMD.BAS (=~=---m~=wmmmmmmmmoemean
20 © Rev. A, 24 May "84

30 © by N6TX

40 © COPYRIGHT (C) 1984 MICROCOMM

50 ©

60 ° Determines Spurious-Free Dynamic Range from
70 ° Spectrum Analyzer Two-Tone IMD Measurements
80

90

100 CLR$ = CHR$(26) - Defines Clear-Screen String
110 PRINT CLR$
120 PRINT "DO YOQU WISH OQUTPUT ROUTED TO:"

130 PRINT

140 PRINT ~ PRINTER ()"

150 INPUT * or SCREEN (S)";PR$

160 IF PR§="P" OR PR§="p" OR PR$="5" OR PR§="6" GOTO 200
170 PRINT CLR$

180 PRINT "YOU MUST RESPOND WITH “P° OR “S§°" : PRINT

190 GOTO 120

200 "~ - -

210 PRIKT CLR$
220 PRINT "TONES =--> [
230 PRINT ~ [
240 PRINT -~ [
250 BRINT [
260 PRLRT " [MD =-> [
270 PRINT -~ [
280 PRINT " ——=eeemoaeeo “ : PRINT

290 PRINT "FOR TWO-TONE OUTPUT SPECTRUM AS INDICATED ABOVE,"
300 PRINT

310 INPUT "ENTER Two-Tone Output Amplitude, fn dBm *,TONES
320 INPUT "ENTER Third-Order IMD Amplitude, in dBm ",IMD

330 INPUT "ENTER System Gain, in dB  ",GAIN
340 INPUT "ENTER System Noise Figure, in dB ",NF
350 INPUT "ENTER Syetem Bandwidth, in kHz ",BW

360 13=TONES + ((TONES - IMD) / 2)

370 MDS = NF - L44 + 10%(LOG(BW)/LOG(10))
380 INMAX = ((2/3)*(I3-GAIN))+(MDS/3)

390 RANGE = INMAX - MDS

410 PRINT CLR§
420 PRINT "INTERMODULATION ANALYSIS BY MICROCOMM™

PRINT
440 PRINT USING “####.4 dBn --> [ ";TONES
N I

480 PRINT USING “#4#4.4 dBo -~> I

510 PRINT : PRINT

520 PRINT USING "SYSTEM GALN = £418.4 dB";GAIN

530 PRINT USING “SYSTEM NOISE FIGURE = ##FF.4 dB~;NF

540 PRINT USING “SYSTEM BANDWIDTH = #PE.F KHz" BY

550 PRINT

560 PRINT USING "QUTPUT THIRD ORDER INTERCEPT POINT = ###4.# dBw";13
570 PRINT USING "MINIMUM DISCERNIBLE INPUT SIGNAL = tE#§. 4 dBa" MDS
580 PRINT USING “MAXIMUM SPURIQUS-PREE INPUT SIGNAL = ##F4.0 dBm"; INMAX
590 PRINT I0US-FREE DYNAMIC RANGE = ##4#.§ dB";RANGE

HEN GOTC 800

620 LPRINT "INTERMODULATILON ANALYSIS BY MICROCOMM”

630 LPRINT : LPRINT

640 LPRINT USING "#4#F.F abn --> bl " TONES
650 LERINT - { .

660 LPRINT N !
670 LPRINT -

680 LPRINT USING "##44.4 dBn --> [
690 LPRINT -

700 LPRINT -
710 LPRINT : LPRINT
720 LPRINT USING "SYSTEM GAIN = ##F8.4 BT GAIN
730 LPRINT USING "SYSTEM NOLSE FIGURE = ####.4 dB";NF
740 LPRINT USING "SYSTEM BANDWIDTH = HEEE.F KHZ" BW
750 LPRINT

760 LPRINT USING ~
770 LPRINT USING ~
780 LPRINT USING ~

OUTPYT THIRD ORDER INTERCEPT POINT = ##44.# dBn”; 13
MINIMUM DISCERNIBLE INPUT SIGNAL - ##F#.# dBm";MDS
MAXIMUM SPURIOUS-FREE INPUT SICNAL = ##/F.F dBn”; INMAX
790 LPRINT USING ~ SPURIOUS-FREE DYNAMIC RANGE = $4F .4 dB“RANGE
792 LPRINT

794 LPRINT

796 LPRINT

798 LPRINT

810 PRINT : PRINT

820 INPUT "TYPE <return> TO CONTINUE, -Q° TO QUIT ",D$
830 IF D§ =~ "Q" OR D§ = “q° THEN GOTO 850

840 GOTD 10D

880 ~ EQUATLIONS EXECUTED

900 "MINIMUM DISCERNIBLE SEGNAL = -174 dBa/Hz + NP (d8) + 10 * LOG BW (Hz)
920 "OUTPUT INTERCEPT POINT = P (tones) + [ P (toues) - P (fmd) | / 2
940 :HAX!MUH INPUT SIGNAL LEVEL = (2/3) * (INTERCEPT - GAIN) + (M. D. 5. /3)

960 “SPURIOUS FREE DYNAMIC RANGE = MAXIMUM INPUT - MINIMUM DISCERNIBLE SIGNAL
70 ©

1000 END

fig. 3. CP/M BASIC language program listing to determine
spurious-free dynamic range from spectrum analyzer two-
tone IMD measurements.

gain compression

Inferences about an amplifier’s dynamic range can
be drawn by applying to its input a single signal of
varying amplitude and observing the amplitude pres-
ent at the output. In its linear region, the amplifier will
produce a 1-dB change in output signal amplitude for
every 1-dB change in the applied signal. That is, the
gain of the amplifier is independent of applied signal
level. But as the upper limit of dynamic range is ap-
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INTERMODULATION ANALYSIS BY MICROCOMM

~6.0 dBm --> [
[
(.
[
-26.0 dBm --> |
[ T
SYSTEM GAIN = -6.0 dB
SYSTEM NOISE FIGURE = 7.0 dB
SYSTEM BANDWIDTH - 2.4 kHz
OUTPUT THIRD ORDER INTERCEPT POINT = 4.0 dBm
MINIMUM DISCERNIBLE INPUT SIGNAL = -133.2 dBm
MAXIMUM SPURIOUS-FREE INPUT SIGNAL = =-37.7 dBm
SPURIOUS-FREE DYNAMIC RANGE = 95.5 dB

fig. 4. IMD analysis of a double-balanced mixer with a
+7 dBm injected LO level.

proached, output signal changes will be unable to keep
pace with the input. That is, the gain of the amplifier
compresses at the upper end of its dynamic range. The
output level at which the amplifier is exhibiting 1 dB
less gain that it was under weak-signal conditions is
referred to as its output 1-dB compression point, and
is an indicator of the amplifier's immunity to intermod-
ulation and cross-modulation distortion.

For a given noise figure, the preamplifier with the
highest compression point will offer the greatest
spurious-free dynamic range. But correlating the two
parameters directly is difficult because the relationship
between compression and distortion varies between
active devices, and between circuit configurations.

Another indicator of dynamic range relates to the
fact that if you continue to increase the drive level to
an amplifier beyond the compression point, the gain
further decreases. Eventually, the amplification of the
desired signal is degraded to a point at which its
amplitude at the output of the amplifier, and those of
the intermodulation distortion products, would be the
same. The output level at which this should occur is
called the output intercept point.* Intercept point is
more readily correlated to dynamic range than is com-
pression point, but is difficult to measure directly. To
best quantify dynamic range limitations, it is necessary
to test the preamplifier in its actual operating environ-
ment — that is, under multiple-signal conditions.

two-tone testing

In the method of dynamic range testing prevalent
in industry, two sinusoidal signals of equal amplitude
are applied to the input of the device under test, and
the resulting output spectrum monitored in the fre-
quency domain. The two input signals, or tones, may
be generated by summing the outputs of the two sig-
nal generators in a power combiner, or by applying
a single RF source to the LO input of a balanced mix-

*For many amplifier circuits, this is a theoretical, rather than an attainable,
level, because the active device may burn out before this output level is
reached.
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AWARDED FOR STAYING ON THE JOB

@ With tens of thousands of 8050's presently in use in all types
A of service and environment, returns for any reason are well

under a hundred units. That's Staying Power! Our built-in overload

protection was designed to keep the 8050 on the job, not in the

repair shop.

AWARDED,FOR STAYING ACCURATE

The accuracy of the 8050's shipped to date, far exceeds our

published specifications. We took 5 units out of our stock at
random and tested them using the latest NBS traceable DMM
Calibrator* Here are the Resulls . . .

Calibrated Dutput DCVI 190 mv/ 1.90V/ 19.9v/ 199v/ ga0v

DMM Range Setting DCV 200 mV 2V 20V 200V 1000V

Unit #1

Actual Reatting 190 6 1.904 19.94 199.2 993
Accuracy 0.316 021 0,201 0101 0.303

Unit #2

Actual Reading 190.5 1.905 19.97 1991 992
» Accuracy 0.263 0.263 0.352 0.050 0.202

Unit #3

Actual Reading 190.3 1.901 19.92 1993 992
o Accuracy 0.158 0.053 0.101 0.151 0.202

Unit #4

AL :ual Reading 190 4 1902 19.92 1994 993
» Accuracy 021 0.105 0101 0.201 0.303

Linit #5

Aclual Reading 190 4 1901 19.89 198.7 989
W Accuracy 0211 0053 0.050 0.151 0101

And we guarantee accuracy for 1 full year.

AWARDED FOR KEEPING UP WITH OUR

ADVANCING TECHNOLOGY

The 8050 measures DC and AC voltage from 0.1 mV through
1000V DC, 750V AC; DC and AC current 0.1 uA through 10 Am-
peres; Resistance from 0.1 ohm through 20M ohms, test diodes,

*Fluke Model 5101B, Accuracy DCV + 0.005% +0.001 +5 uV

measures PNP and NPN transistor hFE, and has a super fa:
continuity beeper. This DMM was designed to respond to yot
testing needs now and in the future! |

AWARDED FOR EASE OF OPERATION,

READABILITY AND SIZE

The single knob rotary switch is easy to set, yet provides fu
contact wiping action just like the time proven VOM's. The len
protected LCD readout with its bold 3-1/2 digit display makes
easy to read, even in dimly litareas. The ideal size (6-1/4" x 3-1/3
x 1") it fits comfortably in one hand, and can be slipped into mos
shop coat pockets. Our optional Carrying Case (Model CC-0
$9.90) was designed to allow in-case, no hands on meter use, and
contains a separate probe storage compartment as well.

AWARDED FOR PRICE/PERFORMANCE
@ The 8050 now costs less than ever before, just $76.50 i
quantities of 1-3, $72.00 for 4-9 pieces and $67.00 for 10 ¢
more units, with no sacrifice in quality construction, accuracy an
field maintainability.
SOAR CORP. is the Prime Manufacturer of all it sells. For mor
information on the 8050 or any of our other Digital Multimeter:
VOM's, Oscilloscopes, DC Power Supplies, Digital Temperatur
Meters, Pulse Generators, Frequency Counters, AC Currer
Meters and Energy Monitors. Write or call:

NORTH AMERICAN SOAR CORP.
1126 Cornell Avenue

Cherry Hill, New Jersey 08002
(609) 488-1060
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INTERMODULATION ANALYSIS BY MICROCOMM

-7.0 dBm ~-->

-65.0 dBm --> |

SYSTEM GAIN = -7.0 dB
SYSTEM NOISE FIGURE = 8.0 dB
SYSTEM BANDWIDTH = 2.4 kHz

QUTPUT THIRD ORDER INTERCEPT POINT = 22.0 dBm
MINIMUM DISCERNIBLE INPUT SIGNAL = -132.2 dBm
MAXIMUM SPURIOUS-FREE INPUT SIGNAL = =-24.7 dBm
SPURIOUS-FREE DYNAMIC RANGE = 107.5 4B

fig. 5. IMD analysis of a double-balanced mixer with a
+17 dBm injected LO level.

er, a suitable audio signal generator to the mixer’s IF
input, and applying to the device under test the
double-sideband (two-tone) signal appearing at the
mixer's RF port. In either case, the two tones must
be separated in frequency sufficiently to be individually
resolved on the spectrum analyzer’s display, yet suf-
ficiently close in frequency to both fall within the re-
sponse bandwidth of the device under test.

A typical interconnection of instruments for two-
tone dynamic range analysis is shown in fig. 1, and
a typical resulting spectrum is displayed in fig. 2. Note
that the distortion products of greatest amplitude {in
this case, the pair of signals immediately adjacent to
the two applied tones) are roughly two divisions, or
20 dB, below the amplitude of the desired output
tones. The intermodulation distortion level of this par-
ticular amplifier, measured at this particular signal
level, is thus -20 dB.

If the vertical axis of the spectrum analyzer is cali-
brated in absolute amplitude (typically in dBm), the
output power per tone, the PEP output power (6 dB
above the level of each individual tone), and power
of the individual distortion products can be readily
determined. And from these values, with minimal
number crunching, we can determine the dynamic
range of the preamplifier.

data analysis

The mathematical relationships applied next are, as
is said in college texts, “beyond the scope of this
course.”” However, | have included in fig. 3 a listing
of a Micro-soft™ BASIC program that performs the
complete analysis. Although written to run under the
CP/M™ operating system, the program can likely be
modified to run on any of the popular home computers
using their version of BASIC. Figures 4 through 8 are
sample executions of the IMD program for various re-
ceiver configurations. Comparing these printouts will
enable us to draw some significant conclusions with
regard to the utility of preamplifiers in VHF and UHF
communications systems.

INTERMODULATION ANALYSIS BY MICROCOMM

-14.0 dBm -->

~25.0 dBm --> |

SYSTEM GAIN - 12.0 dB

SYSTEM NOISE FIGURE = 2.0 dB

SYSTEM BANDWIDTH = 2.4 kHz
OUTPUT THIRD ORDER INTERCEPT POINT = -8.5 dBm
MINIMUM DISCERNIBLE INPUT SIGNAL = -138.2 dBm
MAXIMUM SPURIOUS-FREE INPUT SIGNAL = ~59.7 dBm
SPURIOUS-FREE DYNAMIC RANGE = 78.5 dB

fig. 6. IMD analysis of a bipolar junction transistor
preamplifier.

mixer design considerations

As a rule, balanced mixers offer excellent dynamic
range and intermodulation distortion performance, al-
though their weak-signal sensitivity leaves something
to be desired. Mixers are designed to operate at dif-
ferent levels of local oscillator injection, and general-
ly, the higher the LO level employed, the higher will
be the mixer's compression level. However, raising the
LO injection above perhaps 5 milliwatts tends to de-
grade mixer conversion efficiency and noise figure.
Nonetheless, as figs. 3 and 4 indicate, so-called high
level mixers offer sufficiently improved dynamic range
to override the considerations of slightly degraded sen-
sitivity, in most applications.

Not shown in the computer runs, but worthy of con-
sideration, are the so-called “‘starved LO"' mixers.
These devices use an extremely low LO injection level
with external DC bias of their mixer diodes, and excel
in low-noise performance. Their dynamic range, how-
ever, is severely degraded, typically 12 to 15 dB below
that of even the “low-level’ balanced mixer shown in
fig. 3. Thus, except in those applications in which it
is impractical to generate 5 milliwatts or more of LO
injection, starved LO operation should be avoided.

The same is true for harmonic mixers. These devices
are extremely popular in microwave TV receive con-
verters, and employ LO injection at half the normal
frequency, with the mixer diodes serving double duty
as frequency multipliers. Obviously, the more frequen-
cies we generate within a mixer, the more spurs will
be available to bite us later. | recommend multiplying
in a stage separate from that doing the heterodyne
conversion.

preamp design considerations

Most receive preamplifiers operate with their active
devices drawing relatively low quiescent current. This
is done because high device current generates high
thermal activity, which degrades noise performance
significantly. Unfortunately, biasing any active device
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INTERMODULATION ANALYSIS BY MICROCOMM

-9.0 dBm -->

-22.0 dBa --> |

SYSTEM GAIN = 17.0 4B
SYSTEM NOISE FIGURE = 3.0 dB
SYSTEM BANDWIDTH ~ 2.4 kHz
OUTPUT THIRD ORDER INTERCEPT POINT = ~2.5 dBm
MINIMUM DISCERNIBLE INPUT SIGNAL = -137.2 dBm
MAXIMUM SPURIOUS~FREE INPUT SIGNAL = ~-58.7 dBm
SPURIOUS-FREE DYNAMIC RANGE = 78.5 dB
fig. 7. IMD analysis of a MOSFET preamplifier.
INTERMODULATION ANALYSIS BY MICROCOMM
-2.0 dBm --=> [
o
(-
[
-28.0 d8m --> [
[ N T
SYSTEM GAIN = 24.0 dB
SYSTEM NOISE FIGURE = 1.0 dB
SYSTEM BANDWIDTH - 2.4 kHz
OUTPUT THIRD ORDER INTERCEPT POINT = 11.0 dBm
MINIMUM DISCERNIBLE INPUT SIGNAL = -139.2 dBm
MAXIMUM SPURIQUS-FREE INPUT SIGNAL = -55.1 dBm
SPURIOUS-FREE DYNAMIC RANGE = 84.1 dB

fig. 8. IMD analysis of a GaAs FET preamplifier.

near cutoff tends to limit its dynamic range, such that
the “optimum’’ bias point from a noise figure stand-
point often coincides with the worst’’ bias point as
far as dynamic range and actual system sensitivity are
concerned. Remember, although we talk about desir-
ing high "‘signal to noise ratio,”” what we really need
for maximum sensitivity is a signal level that is high
relative to the sum of noise and distortion. If we can
considerably reduce IMD interference by giving up
some slight amount of noise performance, the overall
system sensitivity has to improve!

Joe Reisert, W1JR — probably the most prominent
UHF DXer of our time — has long advocated design-
ing bias circuits for preamplifiers so that device quies-
cent current can be readily and remotely varied.? This
way the user can optimize noise figure when operating
conditions call for it, and readily improve dynamic
range, at a sacrifice in noise performance, should in-
terference conditions dictate. Since all RF design is
a series of compromises, Joe’s approach seems to
offer the best of all possible worlds.

There has long been controversy in Amateur circles
over the relative merits of bipolar junction transistors
and MOS field effect devices as VHF preamplifiers.
Bipolar advocates boast the excellent low-noise per-
formance of these devices, while those preferring the
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N6TX  TABLE 1
RECEIVER DYNAMIC RANGE COMPARISON

! | STANDARD | HIGH ) BIPOLAR | MOS | Gahs |
I | LEVEL | LEVEL b JuNcTION | FIFLD | F1ELD I
1 | pBH | DBH | TRaNS | EFFECT | EFFECT |
I ~ |
| | | [ i ( t
| Converston Galn (dB) | -6 | -7t 12 | i 24 ]
| 1 | | | ! {
| Noise Flgure (dB) | 71 8| 2 11 [

! I J i | |
| IMD lntercept (dBm) | % | +22 | -8 | -2 +11
| | | | L I
| $58 Sensitivity (dbm) | -133 | -132 | -138 } -137 | -139 |
I | | | I |
| Maxfmum Inpuc (dBm) | -34 | =25 | -60 | =59 | -55 |
| i | I | 1 |

| 95 |

i t

| Dynamic Range (dB) 107 | 78| 78 | 84 |
| ! ! 1

NOTE: Measurements wece pecformed at 144 MHz, with representative devices.
Results at other frequencies will vary, but comparigons will be siamilar.

MQOS devices cite their higher gain and stable opera-
tion, which eliminates the need for neutralization.
Figures 6 and 7 seem to indicate that neither device
holds a clear advantage as far as overall system per-
formance is concerned. The two representative am-
plifiers | tested in preparing this manuscript exhibited
identical dynamic range.

Gallium-Arsenide Field Effect Transistors, on the
other hand, are the undisputed winner in all areas of
VHF and UHF performance. As indicated in fig. 8, the
GaAs FET offers exceptional high gain, low noise, and
wide dynamic range performance. If only they weren’t
so expensive!

summary

In evaluating receiver performance, it is necessary
to consider dynamic range limitations, as well as noise
figure, to select the combination of devices and cir-
cuits that will yield the best overall sensitivity. Table
1 summarizes the results of testing various competing
mixer and preamplifier technologies. Although the
tests were performed at 2 meters, we can generalize
the results to other VHF and UHF bands as well.

It appears that best receiver performance will be
achieved by cascading a GaAs FET preamplifier with
a high-level doubly-balanced mixer. Two-tone analysis
confirms that such a combination has considerable im-
munity to intermodulation and cross-modulation in-
terference, while maintaining an impressively low-
noise figure.
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a pulsewidth noise discriminator

Impulse noise control
works on time duration
rather than amplitude

I think most hams would agree that the best
impulse-noise squelch would be one that stopped each
noise burst at its source. Unfortunately there are too
many noise bursts arriving from too many directions
to make such a thing possible. It's usually difficult to
locate a local source; even if you do, the person re-
sponsible for the noise is often unwilling or unable to
cooperate. Once launched, these disturbances seem
determined to enter our receiving systems; when they
do, they're repeatedly amplified, modified, and
stretched as they race from antenna terminals to
speaker. In short, once admitted, these unfriendly sig-
nals are actually made worse — often much worse —
by your receiver’'s own circuits.

What happens at the output after a burst of noise
arrives at your receiver's input is quite predictable.
Some of the fast-changing wave front is absorbed by
the first tuned circuit, then released in the form of ring-
ing at this filter's natural resonant frequency. The re-
sulting damped oscillation is then translated by a local
oscillator, resulting in a rapid rise at the input of the
IF filter, which absorbs some of the energy and then
releases it in the form of ringing at its resonant fre-
guency . . . and so on.

basic noise control methods

Over the years a great many circuits have been tried
in an effort to control impulse noise. Successful meth-
ods have been of two basic types: the noise blanker
and the noise limiter. The well known Lamb filter
{often called a hole-puncher, noise silencer, or noise
blanker) takes a sample of each noise pulse from a
receiver stage as near to the antenna as possible and,
using fast circuits, forms a blanking pulse that momen-

tarily blocks the receiver’s IF stage just before the ring-
ing pulse of noise energy arrives. The blanking pulse
is designed to embrace the ringing time caused by the
filter characteristic. Some rise and fall time is usualily
added so the blanking function will not itself generate
audible clicks at the receiver’s output. This system has
been around for a long time; properly designed, it
works very well. But one problem with this technique
is that it must be designed to go into action only on
noise pulses that are significantly larger than desired
signals in order to avoid the creation of excessive
distortion.

Another form of impulse noise control is called the
"peak limiter” system. Again, this method is restricted
to noise signals whose peak amplitudes are above that
of desired signals. When a noise burst is received, the
desired signal is momentarily suppressed and the in-
terference is limited in peak amplitude. Perhaps the
best features of this noise control system are its sim-
plicity and its ability to reduce possible damage to our
ears caused by otherwise nearly unlimited sharp audio
sound transients.

Neither method is effective in removing noise bursts
of low to moderate amplitude, or of durations of great-
er than a few microseconds, which usually includes
those “‘woodpecker’” style noise disturbances. The
majority of disturbances fall in the latter category, with
high amplitude disturbances in the minority.

pulsewidth noise discriminator

This article is about a third method that effectively
handles a wide range of impulse noise amplitude levels
and can be used either by itself or in conjunction with
the more familiar methods described above. Further-
more it can be added at the audio output of any re-
ceiver. | have called this method the PND — Pulse-
width Noise Discriminator. Rather than working on
peak amplitudes, this system makes use of time dur-
ation differences between the character of almost all
desired signals and impulse noise. Impulse noise bursts
at their origin exist for only a few nanoseconds to

By Don E. Hildreth, W6NRW, P.O. Box 60003,
Sunnyvale, California 94088
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microseconds, but they are then transformed by re-
ceiver circuits into ringing bursts lasting from a little
less than one millisecond up to as much as ten milli-
seconds, depending on the shape and bandwidth of
the narrowest filter being used.' Concurrently, the
vowel parts of desired SSB voice signals are fractions
of a second long; even the shortest parts of CW are
typically of 50 to 100 milliseconds duration for the dit"’
and “’space”’ lengths.

Using this data, a basic pulse width discriminator
is designed to ignore any signal until it has existed for
a selectable period of time — 10 milliseconds, for ex-
ample — and will consequently block a noise pulse
stretched by a typical 100 Hz bandwidth filter.

The circuit of fig. 1 is the basis of this sytem. When
no signal is present, Q1 and Q2 are ON and Q3 is OFF.
When a signal arrives, the precision rectifier formed
by U1 and U2 develops a negative gate that turns off
Q1 and Q2. However, Q3 remains off until the no-
signal reverse charge of a nominal -2 volts on C, Q3's
base to emitter capacitor, is bled off and reversed to
the required level of approximately +0.7 volts by
charging through R, which is made up of 1K + 39K
+ the 500K pot setting. When Q3 goes on, its collec-
tor voltage drops. It is this signal that is used to ac-
cept a desired signal or to reject those that are too
short for completion of the timing cycle as determined
by the effective value of R. A second and very desir-
able feature of the basic pulsewidth discriminator part
of the circuit is that it resets very quickly, thereby
avoiding the integration of noise pulses provided they
are not too close together (equal to or less than the
selected time discrimination period). This feature
makes the full-wave rectification provided by U1 and
U2 plus a small amount of filtering necessary to avoid
a functional dropout between the cycles of a desired
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fig. 2. Idealized PND waveform.

signal. Using the specified circuit values, a minimum

of 1 volt RMS is required for normal operation.
Fig. 2 shows what happens as a function of time.

Since the pulsewidth discriminator circuit would ig-




nore a ringing or sinusoidal signal of any period, the
incoming signal is transformed into a negative gate.
An ideal gate pulse is shown for clarity. This use of
an oscilloscope is convenient at the Q2 and Q3 emit-
ter junction, to observe and measure the time discrim-
ination performance.

a PND application

Fig. 3 shows an application in which an audio filter
feeds the pulse noise discriminator and the output of
the discriminator is used to key an audio white-noise
generator for listening to CW. (Of course you can have
it key a tone oscillator if your prefer.) The mixer con-
trol is arranged to enable listening to CW directly
through the filter, or to the noise generator, or to any
mixture of the two. By connecting the control in this
experimental way, you can test and experience how
well this idea works: simply compare a non-noise dis-
criminated 750 Hz CW output to the processed audio-
noise CW output that is driven by the PND.

In operation, the + 10 volt level at Q3's collector is
used to squelch noise output from the dual op-amp

noise generator shown in fig. 3 or in the SSB output
of fig. 4. When the PND system recognizes a signal,
the Q3 collector level drops, opening the transistor
switch Q2 of fig. 3 or Q1 of fig. 4. One undesirable
feature of this noise control system relates to operating
convenience: your receiver's output is normally OFF
until a qualified signal appears. If you like ta be aware
of the noise floor, as | do, this can be a disadvantage,
s0 | usually run the mixer control midway when look-
ing for DX. Then, depending on conditions, | decide
which way to twist this control. If | want to avoid the
tinkling roar present when listening to a low-level signal
through a narrow CW fiiter, | turn the control to ad-
mit only the keyed-noise signal with its silence be-
tween characters. But if | want to make use of the ear-
brain filter capabilities {(when there is more than one
signal in the filter passband) then | turn the control
to allow only the signal through the 750 Hz filter? to
reach the power amplifier.

With the mixer control set toward keyed-noise oper-
ation, and with the delay control set at minimum,
slowly increase the receiver gain at a no-signal spot
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IN PND out NI k=1000 M = 1,000,000
(FIGS. 1, 2) I + 741
Vaus -
MIN. *,
2 > 220k
Sazm 100k 3 AMA-
<
Ql e 10uF
2N3904 $220k 1ev
\ +
7
Q2
2 2N3904 ’%
>
ING148 68k <
SWiTCH
+A'L<.)LV © 76L05 T * 220 3001
o 0.1 1370 16
;L\ ) l iNd148 , =< voc v
+5V O———y 78L05
Ik ~
io-l /J7
fig. 3. A PND application.
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RECEIVER 4Tk a7k
8 OHM g
ouTPUT
R, 8-16
IF
REQUIRED o.0! 10K & ra. |,
2-10w SEE FIG. 3)
RF ! ,J
SUPPESSOR 7
PND N
(SEE FIGS.
1a2)
DELAY_OFF CIRCUIT 03
AND SWITCH
82k 0k
+iov O ' A WA
2 100k oM
4 s
330k az
Fa
OFFO ST

sLOW MED |
_T_ S 330k

T oo &

RESISTORS /4 WATT UNLESS NOTED

Except a5 indicated, decimal
vaiues of capacitance are in micro-
1ar8ds {F); others are in picolar
ads (pF); resistances are in ohms,
k= 1,000 M = 1,000,000

fig. 4. Combined PND and squelch for SS8.

on the dial until the noise function starts to be heard
sporadically. Increase the delay until the noise stops,
then increase the delay just a bit more. This will match
the delay to your filter bandwidth. If you are in a loca-
tion that is too radio-quiet at the time, set the 500K
pot at about mid-range for a nominal 12 millisecond
delay. This will usually enable the rejection of noise
pulses as they are stretched by a typical 100 Hz band-
width filter. For best operation, the amplitude of a sig-
nal being received should be adjusted by your receiv-
er's output level control to just a little above that
required for reliable keying of the noise generator.
Once this is done, the control at the output of the filter
is set so that either the perceived level of keyed noise
or the tone level are about the same when the mixer
control is in any position. Adjust the volume control
for the overall listening level desired. Once all of these
settings are made, you will usually work with only your
receiver’s output control and the mixer control.

single sideband

Although the electronic switch as driven by the PND
system can follow code quite well, its use on SSB
would result in choppy voice reception. To use PND
on sideband it is best to insert a delay circuit between
the PND circuitry and the electronic switch to keep
the controlled audio stage ON for a short time after
the PND has shut off. This technique was used with
my laryngeal squelch® and that part of the circuit is
included in fig. 4. If you use the voice-filter system,?
you can either use PND to open both channels, or you
can feed a sample of the vowel filter to PND and con-
trol the consonant filter with the delay/switch combi-
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nation. If you use the vowel filter, the delay setting
is about the same as that used for CW. However, if
the normal 3 kHz voice bandwidth is used the delay
may usually be reduced to its minimum, The PND sys-
tem, in its basic form shown here, is not as effective
for SSB as it is when used to key the noise generator
for CW, for although noise is rejected between a voice
signal’s ON times, it can appear in addition to the de-
sired signal during the ON periods. Circuit develop-
ment to improve on this problem is being studied, but
requirements are much more complex.

general considerations

Although PND can handie most impulse noise prob-
lems unaided by the more prevalent noise silencers,
it is still best to have a Lamb-type noise blanker in ad-
dition. Since the basic noise blanker blocks out noise
bursts early in the receiver, it reduces the probability
that strong pulses will drive one or several amplifier
stages into heavy saturation, which can block a re-
ceiver for periods much longer than the offending
noise-pulse length, and this is something that PND
cannot help. Also, the front-end blanker system can
suppress auto ignition pulses produced by an engine
at moderately high RPMs, while PND is limited to re-
jecting auto ignition at idling RPMs when a 100 Hz
bandwidth is used and at higher RPMs only when the
bandwidth is increased. At the same time, PND can
wipe out those woodpecker noise sources while their
ON periods are too long for the Lamb blanker to han-
dle. PND can be most effective when it is used in con-
junction with either a blanker or a limiter, but use with
a blanker is my first choice.

Because we are accustomed to using noise floor as
a guide — and with PND you lose this reference —
it's easy to run up your receiver gain much too high.
Unfortunately, when the gain is too high, the noise-
floor itself, even without an antenna, creates what
amounts to a constant ringing level as it is stuffed
through filters. Moreover, since the noise-floor in linear
receivers is not limited, amplitude variations on this
ringing can make a weird form of noise-floor-generated
CW by the PND. When you hear this, just back off
on the gain control a little to achieve silence.
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A printed-circuit board (fig. 3) is available for $9.95 postpaid; the
PC board plus parts {no controls) is available for $32.95 postpaid.
Contact the author, Don Hildreth, WBNRW, P.O. Box 60003, Sunny-
vale, California 94088.




Jointhe New Industry Leader... Uniden®

Uniden’s standard Satellite
Receiver is a durable, low-cost,
user-friendly satellite receiver
that’s a great value.

* Built-In Modulator

* Automatic Polarity Selector

T

*Video Fine Tuning

* Polarity Indicator Light

* Antenna Polarity Mode Switch

* Channel Scan

* Signal Strength Meter

* Weather-Sealed Down Converter

Uniden’s top-of-the-line unit
gives you maximum performance
capabilities along with the latest
infrared circuitry.

It features:

* Digital LED Channel Indicator

* Built-In Modulator

* Automatic Polarity Selector
*Video Fine Tuning

For low competitive prices on our
Uniden receivers and ourcomplete
line of Uniden products, call
Precision Satellite Systems at

1-800-HOT-DISH
Dealers only please.

Precision Satellite Systems, Inc.
715 Grove Street

* Both Fixed and
Variable Audio Tuning
* Polarity Indicator Light
* Antenna Polarity Mode Switch
* TV/SAT Selector and Indicator
* Channel Scan
* Signal Strength Meter
* Optional Remote Control
* Weather-Sealed Down Converter
* Limited One Year Warranty

Clearwater, FL 33515 CALL SOO.HOT-DISI'—

More Details? CHECK — OFF Page 158
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IMD and intercépt points

of cascaded stages

Use this program
to determine
performance parameters

Intercept point is a useful concept in predicting the
spurious intermodulation products generated by com-
ponents, systems, or subsystems. Only the second-
order and third-order products are significant. The in-
tercept point is the power level at which the spurious
response equals the fundamental response. The value
may be referred to the input or output. Usually the out-
put is referenced for amplifiers and mixers, and the
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fig. 1. Typical second-order response.
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input for receivers. The intercept points for the second-
order and third-order products may be the same or dif-
ferent, depending on the circuit of the device. Typically
the responses are plotted using log-log scales with the
values in dBm as shown in figs. 1 and 2.

Assuming two signals at frequencies fa and fg, and
fa > fg, the second-order products are: fo + fg,
fa — fg, 2fs, and 2fg. The second harmonics are not
strictly intermodaulation products, but may be predicted
in the same manner except that their amplitudes are
6 dB less than the sum and difference products. If the
two fundamental frequencies are almost equal, the
fa — fg term is near zero frequency and the remaining
product is at about twice the fundamental frequen-
cies. Half-octave filters can be used to attenuate the
second-order products. Refer to fig. 3 for the worst
case with f5 and fg at the band edges of a half-octave
filter.

Third-order intermodulation products present the
most serious problem for devices having bandwidths
less than one-half octave. For two signals at frequen-
cies f5 and fg, the third-order products are: 2f5 + fp,
2fp — fg, 2fg + fa, and 2fg — fa. For a narrow-
band device centered at 20 MHz, two signals, fa
= 20.50 MHz and fg = 20.25 MHz, will generate the
third-order product 2fg — fp at exactly 20 MHz. For
three signals at frequencies f5, fg, and fc, the third-
order products are: +fa *+fg *fc. Third-order prod-
ucts of three signals are seldom considered except for
multi-frequency systems such as cable TV.

measurement techniques

For single or cascaded components, intercept point
is measured by driving the device with two equal
amplitude signals and measuring the fundamental out-
puts and intermodulation products on a spectrum
analyzer.

The concept of intercept point for a receiver is usual-
ly limited to the RF front end. It is meaningless for the
IF passband because of the nonlinearities of detection

By William Richardson, W3IMG, 1003 Wagner
Road, Baltimore, Maryland 21204



and gain control, as well as the high overall gain. Two
equal level signals, outside the IF passband but within
or as close as possible to the RF passband, are selected
so that an intermodulation product is at the receiver
center frequency. Their levels are simultaneously in-
creased until an output (intermod) signal of about 10
dB signal-to-noise is observed. Record the level of the
signals. Then the two signals are removed, and a single
signal at the receiver center frequency is adjusted in
level to produce the same output. Its level is also
recorded. For third-order products the two signals are
usually placed within the RF passband. However, for
second-order products the signals fall out of the RF
passband if the RF bandwidth is less than an octave.
Refer to fig. 3. The most important second-order
product in a receiver comes from a signal at one-half
center frequency that doubles into the center frequen-
cy. This latter measurement is made by increasing the
amplitude of a signal at one-half the receiver center
frequency until an output signal of about 10 dB signal-
to-noise is observed. Record the input level. This signal
source must be well filtered so that its second har-
monic is well below the second-order response. Next
the input signal is tuned to the receiver center frequen-
cy and its level is adjusted to produce the same out-
put, and this level is recorded.

When connecting two signals to the input, the in-
sertion loss of the combiner must be subtracted from
each generator output. A second precaution is to
make all measurements at least 10 dB below the 1 dB
compression point. Otherwise the device will be
operating in its large signal area.

second-order products

Refer to fig. 1. The slope of the second-order re-
sponse is 2. As the fundamental output decreases by
1 dB, the second-order intermodulation products de-
crease by 2 dB. For two equal signals, the function
may be expressed as:

IP = P+ IMR n

IP is the second-order intercept point in dBm, Pis the
fundamental response in dBm, and /MR is the ratio
between the fundamental and second-order responses
in dB. In the case of a receiver, P is the level of the
two signals or half-frequency input, and /MR is the
ratio of P to the level of the signal at center frequency.

For example, if the fundamental outputs of an
amplifier are — 10 dBm and the second-order inter-
modulation products are —45 dBm, the second-order
intercept point is:

IP= —-10+ 35 = +25 dBm

Knowing the intercept point, this equation will predict
the second-order intermodulation products for known
signal levels. For a single input signal, the same

20’- INTERCEPT POINT
+20d8m
o
—-20
-
3
s
= -40
&
2
S
Q
~ —60
D
Q
M~
)
o
-80
-/00
_,zo i L i - - A —
-i20 -100 - 80 -60 —-40 -20 o
INPUT POWER (dBm)
fig. 2. Typical third-order response.
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fig. 3. Half-octave filter second-order products.

methods can be used to calculate the intercept point
if the second harmonic is measured, or to predict the
second harmonic if the intercept point is known. How-
ever, the second-harmonic response is 6 dB less than
a second-order intermodulation product.

The levels of the second-order intermodulation
products are proportional to the product of the levels
of the fundamental signals. For signals of unequal
levels, the level of equal signals that produce the same
intermodulation products can be calculated. If the
levels are in dBm, add the two and divide by one-half.
For two signals, one at —20 dBm and the other at
— 26 dBm, the equivalent equal amplitude signals are
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KPA5 1 WA'I'I' 70 Cm ATV TRANSMITTER BOARD

® APPLICATIONS: Cordless portable TV camera for races & other public service
evenls, remote VCR, etc. Remote control of R/C airplanes or robots. Show home
video lapes, computer programs, repeat S5TV to local ATVers. DX depends on
antennas and terrain typ. 1 1o 40 miles

FULL COLOR VIDEOQ & SOUND on one small 3 2524 board
RUNS ON EXTERNAL 13.8 VDC at 300 ma supply or battery
TUNED WITH ONE CRYSTAL on 42625, 434.0, or 43925 mHz

2 AUDIO INPUTS for a low Z dynamic and line level audio input found in most
portable color cameras, VCRS, or home compulers

® APPLICATION NOTES & schematic supplied for typical external connections
packaging. and system operation

¢ PRICE ONLY $159 delivered via UPS surface in the USA Technician class
amaiteur license or higher reguired for purchase and operation

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV set with a
TVC-2 or TVC-4 420-450 mHz to channel 3 downconverter, 70 cm antenna_and coax
cable to receive Package up the KPAS, add 12 o 14 vdc, antenna, and any TV
camera, VCR, or computer with a composite video oulpul Simple, eh?

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

TERMS: Visa, Mastercard, or cash only UPS COD by telephone or mail Telephone
orders & postal MO usually shipped within 2 days. all other checks must clear belore
shipment. Transmitting equipment sold only 10 licensed amateurs veritied in 1984

Callbook Calf include sales lax

2522 Paxson Lane
Arcadia CA 91006

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

P.C. ELECTRONICS

Tom WEORG Maryann WB6YSS

Remotely tunes to VSWFI of less than 1.3:1 from 3.5 to 4MHz.

* Remote controlled, motor-driven tuning system optimizes
“sloper” at any frequency in the 75-80M band!

® Sloping configuration can result in FB ratios up to 20dB
depending upon ground conductivity and propagation angle.

* Low-angle forward lobe for DX plus high angle for
short-haul skip.

* Requires no ground (except for lightning protection).

* 50 ohm coax feed plus 8 conductor control cable
(not supplied).

* Qutperforms some full size dipoles, inverted vee's
and verticals.

e Light in weight (only 12 Ibs). Complete system requires
only supporting mast and TV-type rotator (8 sq. ft. rating).

* 40 meter model also available. Same characteristics.

VECTOR RADIO CO.

P.O. Box 1166,
Cardiff, CA 92007
(619) 944-1063

INTRODUCTORY
PRICE

$295

SHIPPED UPS PREPAID

Calif. residents please add sales tax

SATELLITE TELEVISION RECEIVER
SEMIKIT

with dual conversion downconverter

FEATURES:
¢ Infrared remote control tuning
AFC, SAW filter
RF or video output
Stereo output
Polorator controls
LED channel & tuning indicators
Install six factory assembled circuit boards to

complete.
SEMIKIT $400.00
Completed downconverter add 100.00

Completed receiver and downconverter
add 150.00

JAMES WALTER SATELLITE RECEIVER
2697 Nickel, San Pablo, CA 94806 + 230  Tel. 415-724-0587
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! 2 3
P gain
stage dB ratio dB ratio
1 +20 100 10 10
2 +13 20 -6 0.25
3 +30 1000 20 100

using cascaded stage equation

1. 1 1 1
VIP T VB GG T VPG T VIR

1 PO B |
V100-(0.25)-100 ~ V20-700 = V7000

0.0200 + 0.0224 + 0.0316 = 0.074

P 182 = 22.6 dBm

Alternate method

= / P2
Alp = 20 log [1 + W]

For stages 1 and 2:

- . -
AP = 20 log [1 + [ oo }_ 20 1og 1.89 = 5.5d8

Combining stages 1 and 2
P = IPp ~ AIP = 13 - 5.5 = 7.5 dBm = 5.6 milliwatts
Now cascade this with stage 3

AP

1000 = - =
20 log [1 + /56 100 :| =201log2.34 = = 7.4dB

IP = IP3 — AIP = 30 - 7.4 = 22.6 dBm

Input intercept point = 22.6 — 34.0 = ~11.4 dBm

fig. 4. Example shows two methods of calculating
cascaded stages second-order intercept point.

each at —23 dBm. If the levels are in milliwatts, the
equivalent equal signal levels are each:

VA4 Ap
where A4 and Apg are individual signal levels.

If the second-arder intercept point and gain of each
stage are known, the overall intercept point of the
cascaded stages may be found from the following
formula:

,.L_ = ,_.h_!_" +
ViP = VIP, G, G; Gq
1 1
+ - +
ViP; Gs | VIPs

Each term of the formula has the intercept point of
the stage multiplied by the gain of all of the following
stages. The terms are numerical ratios, not dB or dBm.
A look at each term will indicate the contribution of
each stage to the overall system intercept point.

1
1P, G; Gy

(2)

N
L~

P gain
stage dB ratio dB  ratio
1 +20 100 10 10
2 +13 20 -6 0.25
3 +30 1000 20 100

using cascaded stage equation:
1 - 1 141
P IP1-G2-G3 P2-G3 1P3
1 1 R B |

1P T 100-(0.25)-100  20-100 1000

0.00040 + 0.00050 + 0.00710 = 0.0079

®

526 = 27.2 dBm

Alternate method

AMP = 101log |1 + — IP2 ]
IP1-G2

For stages 1 and 2

MP = 10109[1 + 20 ]: 10 log 1.80 = 2.6 dB
100-0.25

Combining stages 1 and 2
P = IPy — AIP = 13 - 2.6 = 10.4 dBm = 11.0 milliwatts

it

Now cascade this with stage 3

1

AP = 10 log [1 + 1000 J 10 log 1.91 = 2.8 dB

11-100
P =1IP3 — AP = 30 - 2.8 = 27.2 dBm

Input intercept point = 27.2 - 24 = 3.2 dBm

fig. 5. Example shows two methods of calculating
cascaded stages third-order intercept point.

Another method of calculating the overall intercept
point of cascaded stages is to use the formula:

_ 1P,
AIP = 20 log [1 + / PG, ] (3)

The A/P is in dB and is subtracted from the second
stage intercept point to give the overall intercept point
of the two cascaded stages. For more than two stages,
this formula is used for the first two stages, and that
result is then used with the third stage and so forth.

Both formulas assume the worst case in which the
intermodulation products within each stage add in
phase. If a linear stage is part of the system, it must
be included with its actual gain (or loss} and an infinite
intercept point.

Refer to fig. 4 for sample calculations of the inter-
cept point of three cascaded stages. The output in-
tercept point is calculated. The input intercept point
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Q8K 1500

Don't be limited to
low power operation with your
expensive full break-in transceiver. You can run high
power QSK CW and high power AMTOR.

The DEO QSK 1500 is designed using the latest in solid
state switching technology and will give you full break-in
operation with any one of the currently available com-
mercial amplifiers, homebrew too! Pin diodes provide
ultra high speed, noiseless switching. All you need to
do is connect two RF cables and two control cables,
turn it on and you are ready to go, up to 1500 walts
at 1.5-1 VSWR. Fully automatic bandswitching, 1.8 -
30 MHz and mode selection, either CW or SSB, no
cables to change. The QSK 1500 eliminates amplifier
damage due to “‘hot switching" and gives you full
receiver performance with an insertion loss less than

7 dB, typically .2 dB. P oSL
90 day limited warranty For More Info Send

o 299.00
DEO @m 2%

DESIGN ELECTRONICS OHIO ;
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4 Coaxial Antenna Relays
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power and low loss
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]
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Add these traps to your dipole and
get low SWR on 2 to 6 bands, depen
ding on how many you add. Antenna
wire and custom kits also available

Send For Yours Today» i
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equals the output intercept point reduced by the total
gain.

third-order products

Refer to fig. 2. The slope of the third-order response
is 3. As the fundamentai output decreases by 1 dB,
the third-order intermodulation products decrease by

10 FRINT"INTERCEFT FOINT OF CASCADED STAGES®
20 FRINTIFRINT

30 FRINT"2 SECOND-ORDER INTERMODULATION"
40 FRINT"3 THIRD-ORDER INTERMOOULATIDN®

50 INFUT"SELECT 2 OR 3"jA%

A0 INPUTUENTER NUMEER OF STAGES™;C

70 CLS

80 FOR N=1 TO C

90 FRINTUENTER INTERCEFT FOINT FOR STAGE"IN};"IN DEM"
100 INFUT I(N)

110 FRINT"ENTER GAIN OF STAGE“IN;"“IN DE"

120 INFUT G(N)

130 NEXT N

140 CLS

150 PRINT"IF(DEM) ", "GATN(DE)

160 FRINT

370 FOR N=1 TD €

1B0 FRINT TIN),GIN)

190 NEXT N

200 FRINTIINFUT"TS DATA OH Y/N"iE$

240 IF B “ THEN CLS
YE0 IF B * THEN GOTO 80
30 FOR 170 C

240 I(N)=10CCT(NY/10)
2S00 GINY=10ECGONY Z710)
260 NEXT N
270 EXCI=130C) =1 /TCCY TIF A$="2" THEN D(E)=SORIDI0))
7RO VDR N=C(0-1) TD 1 STEF -3
P90 EAN)I=GANGTIRE (N+T)
100 DINY=T(NIXE (N)
NG DINY=1/D(N)
120 TF A%="2" THEN D(N)=SRR(DIN))
330 NEXT N
340 FOR N=1 TO
D

=1 /1F ()
VOXLOGITF L)) ALDGLLD) PFRTNT

=2xTF(C)
THEN ERINT "SECOND- ORDER INTERCE®T FOINT IS "JTF ()5 DEMY
THEN FRINT “THIRD-ORDER INTERCEFT FOINT IS "jIF(C);¢ DEM"

fig. 6. TRS-80 Model Ill program listing determines the inter-
cept point of cascaded stages.

*T FOINT OF CASCADED STAGES

1 RMODULATTION
TERMODULATION

3
OF STAGE 1 XN DEM

1IN DI

TOPOINT FOR STAGE 2 TN DEM

GATN QF ST

INTERCERT FOINT FOR STAGE 3 IN DBM

GATMN OF 5TAGE 3 IN DE

GATNCDED

IS DATA QK Y/N? Y

LROIMT BT OFOINT X6 272141 DEM

THIRD~OR

fig. 7. Three-stage device IMD intercept point calculation is
simple with user-friendly program.

3 dB. For equal signals, the curve may be expressed
as:

IP = P + 1/2(IMR) (4)

IP is the third-order intercept point in dBm, and IMR
is the ratio between the fundamental and third-order
responses in dB. For the case of a receiver, P is the
level of the two input signals and /MR is the ratio of
P to the level of the signal at center frequency.

For example, if the fundamental outputs of an ampli-
fier are — 10 dBm and the third-order intermodulation
products are —50 dBm, the third order intercept
point is:

IP = —10 + 1/2(40) = + 10 dBm

Knowing the intercept point, the equation will predict
the third-order intermodulation products for known
signal levels.

The levels of the third-order intermodulation prod-
ucts are proportional to (1) the cube root of the
product of three signals or (2) in the case of two
signals, the cube root of the square of the higher level
signal times the other. For signals of unequal levels,
the equivalent equal level signals that produce the
same intermodulation products can be calculated. If
the levels are in dBm, for the two signals add 2/3 of
the larger to 1/3 the smaller. If one signal is at —20
dBm and the other at — 32 dBm, the equivalent equal
level signals are at —24 dBm. For three signals, add
1/3 of each level in dBm. If the levels are in milliwatts,
the equivalent levels are

3\/ AA’AB'AC or 3V AZA'AB

where A 4 is the highest level.

If the third-order intercept point and gain of each
stage are known, the overall intercept point of cas-
caded stages may be found from the following
formula:

N SR B

P IP;-G, G3- Gy
1 1/

4 1PGr + Py (4)
Each term of the formula has the intercept point of
the stage multiplied by the gain of all the following
stages. The terms are numerical ratios, not dB or dBm.
A look at each term indicates the contribution of each
stage to the overall system intercept point.

Another method of calculating the overall intercept
point of cascaded stages is to use the formula:*

IP
AIP = I0iog [1 + IﬁzGﬁl (5)

The AIPis in dB and is subtracted from the second-

*Note differences between eqs. 2 and 4 and 3 and 5. — Editor.
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9 MHz CRYSTAL FILTERS

Appli- Band-
MODEL cation width Poles
XF-9A 2.4 kHz
XF-9B 2.4 kHz
XF-98-01 24 kHz
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Export Inquiries Invited Shipping $3.75

MICROWAVE MODULES VHF & UHF EQUIPMENTS

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

LOW NOISE RECEIVE CONVERTERS

1691 MHz MMk 1691-137 $249 95
1296 MHz GaAsFET MMk 1296-144G 149 95

NooaoTODEEoD

432/435 MMc432-28(S) 7495
439-ATV MMc439-Ch x 84,95
220 MHz MMc220-28 69.95
144 MHz MMc144.28 54.95
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LINEAR TRANSVERTERS

1296 MHz 1.8 W output, 2M in MM11296-144-G $2499 95
432/435 10 W output, 10M in MM1432-28(5) 259 95
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Other bands & |Fs available.

LINEAR POWER AMPLIFIERS

1296 MHz 20 W output UP1296-20 439 95
432/435 100 W output MML432-100 369.95
50 W output MML432-50 19995
30 W outpul MML432-30-L5 20995
144 MHz 100 W output MML144-100-LS 239 95
50 W output MML144-50-5 149,95
30 W output MML144-30-LS 108 95

All models incluge VOX T/R switching
“L" models 1 or 3W drive, others 10W drive.

Shipping: FOB Concord, Mass.

ANTENNAS e R

420-450 MHz MULTIBEAMS
48 Element 70/MBM48B 15.7 dBd o $50.95
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ment and KVG crystal product reguirements

(617) 263-2145
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RNATIONAL, INC.
t Office Box 1084
,MA 01742, U.S.A.
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stage intercept point to give the overall intercept point
of the two cascaded stages. For more than two stages,
this formula is used for the first two stages, and the
result is then used with the third stage and so forth.

Both formulas assume the worst case in which the
intermodulation products within each stage add in
phase. If a linear stage is part of the system, it must
be included with its actual gain (or loss) and an infinite
intercept point.

Refer to fig. 5 for a sample calculation of third-order
intercept point for three cascaded stages. The output
intercept point is calculated. The input intercept point
equals the output intercept point reduced by the total
gain.

computer program aids calculation

Figure 6 lists the steps of a typical BASIC language
computer program for calculating the second-order
and third-order intercept points of cascaded stages if
the values for the individual stages are known.

Figure 7 is a TRS-80 Model III™ printout showing
a typical calculation of third-order IMD intercept point
of a three-stage device.

ham radio
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the Russian Woodpecker:
a continuing nuisance

What it is and
what can be done

It never fails . . . you're working some choice DX
on 20 meters for your 300th country or you're in one
of the Area traffic nets, trying to pass a message to
another ham a thousand miles away. Suddenly, with-
out warning, the band is shattered by something that
sounds like a cross between a machine gun and a jack-
hammer. No, it's not the neighbor’s power saw or the
family microwave oven . . . it's the Russian Wood-
pecker in full operation. With the interference level run-
ning 10 to 20 dB over S9, your much-needed contact
is buried under this avalanche of QRM and heard no
more. The only solution is to turn off the rig and cool
down with a tall, cold 807.

What is the Woodpecker? Why is it in operation?
And why does the Soviet Union persist in creating this
level of interference worldwide? What can we do
about it? And what have other radio services and users
of the spectrum done? This article will explore the
aspects of this problem and suggest some possible
solutions.

Basically, the Russian Woodpecker is an extremely
powerful over-the-horizon radar system. It operates
over most of the HF band, with effective radiated
power levels of some 10 to 50 megawatts. To under-
stand the nature of this problem, we need to have a
basic understanding of how OTHB (Over-The-Horizon-
Backscatter) radar operates, some sense of the history

of experimentation and operation in this field, and an

‘educated awareness of Soviet diplomatic response to

complaints about the interference their system is
generating.

basic radar operation

ft has long been recognized that radar can be
operated on any frequency. The earliest radar systems
— built by the British and responsible for much of that
nation’s success during the Battle of Britain — were
operated at a frequency around 30 MHz. This was due,
in part, to 30 MHz being the highest frequency at
which significant levels of power could be generated.
Later radar systems were operated at much higher fre-
quencies as technology developed tubes capable of
generating multi-kilowatt levels of power at shorter and
shorter wavelengths. Moving through the spectrum
from VHF to UHF and finally into the microwave re-
gions, radar engineers have traditionally sought the
highest possible frequency of operation for several
reasons. Shorter wavelengths bring increased target
resolution and give the system, as a whole, increased
immunity to interference, either natural or man-made.
In addition, highly directional antennas become physi-
cally smalier, making possible the design of mobile
radar units with greater target discrimination.

Unfortunately, all these radar systems suffer from
a single common defect: they can operate only
on line-of-sight. This means that at greater dis-
tances, the target must be at higher altitudes in
order to be detected. Aircraft or cruise missiles fly-
ing at very low altitudes can escape radar detection

By Bradley Wells, KR7L, 5053 37th Avenue,
S.W., Seattle, Washington 98126
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until they are almost on top of the radar transmitter.
Thus, several aircraft flying at tree-top level could
approach and neutralize radar installations undetected,
leaving a blind spot through which an enemy could
pour aircraft ar missiles. This scenario, dealing with
the probiem of low level detection, has left many a
defense planner, both American and Soviet, in a cold
sweat.

lower frequencies provided
new opportunities

It had been recognized by many that some form of
high-frequency radar, utilizing backscatter techniques,
could detect these low-level targets. Since the radar
signal would be reflected off the ionosphere and
illuminate the target from above, there would be no
escape from this type of detection system. It was also
recognized that there were several inherent problems
in this approach. First, the ionosphere was thought
to be in a state of continuous flux, unable to provide
stable refraction characteristics for any length of time;
second, there would bhe continuous interference both
to and from other users of the HF spectrum; and, final-
ly, the reception of backscattered signals would re-
quire extremely complex detection systems.

By the early 1970's, scientific inquiry and experi-
ments brought new light to this gloomy picture. The
widespread use of ionospheric sounders, both ground-
based and satellite, had shown the ionosphere to be
more stable than previously thought. It was discovered
that the refractive characteristics of the ionosphere
changed very little in the short term — that is, for
periods of approximately 30 minutes, the ionosphere
is remarkably homogeneous. During the course of a
day, these characteristics change in response to shifts
of solar flux and geomagnetic activity. This meant a
radar system would have to be capable of operating
over much of the HF band to provide coverage of
selected areas. Simply put, the radar would have to
be frequency-agile to follow these changes in the
Maximum Usable Frequency (MUF).

The explosion of computer technology made possi-
ble the correlation and analysis of weak backscattered
signals on a real-time basis. Using cross-correlation
reception techniques coupled with the development
of magnetic drums for data storage, high-speed com-
puters were used to sort out interference in the
system. These computers could not only discern a
weak target signal from ground clutter but also selec-
tively filter out other users of the HF spectrum.

early OTHBs

In the 1950's, the United States Naval Research
Laboratory and other groups began small-scale experi-
ments with OTHB radar. These early experiments led
to the soiution of some of the major problems in de-
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signing a functional HF radar. Among these problems
were the following:

* The return from prospective targets would be 40 to
80 dB weaker than the ground return (i.e., ground
clutter}.

¢ |t was not known whether sufficient angular resolu-
tion could be developed at HF wavelengths to permit
accurate target identification.

¢ Extremely precise doppler techniques would have
to be used to permit identification.

The magnitude of this doppler problem may be seen
in the following equation:

fd = ZVC’{O

Jfd represents the doppler shift, f, represents the radar
carrier frequency, V, is the target relative velocity, and
C is the speed of light. For aircraft type targets, the
doppler shift varies from tenths of a Hertz upward to
50 Hz. This is dependent upon the operating frequen-
cy. The development of technologies to dea! with
these and other problems have resulted in the
operation of both American and Soviet OTHB radar
systems.

Both the American CONUS OTH-B (Continental
United States Over-The-Horizon Backscatter — see
sidebar, page 43) and the Soviet Woodpecker share
characteristics common to all HF radars. The inter-
action of these characteristics may be seen from an
examination of the radar range equation:

Rusy = FAvGTGrAMoFpTc
MAX = "3 N, (S/N) Lg

where Ry4x = maximum range
P,y = average power
Gt = gain of transmitting antenna
Gr = gain of receiving antenna
A = wavelength
o = target cross section
Fp = propagation effects factor
Tc = coherent processing time
N, = noise power/unit bandwidth
S/N = signal to noise ratio required for
detection
Ls = system losses

The major differences between HF and microwave
radar systems are related to the following:

¢ Propagation effects — energy loss over ionospheric
paths, polarization mismatch between transmitted and
received signals, and gains or losses related to the
dynamic nature of the transmission path.

e The amount of noise injected into the system by
natural sources (i.e., distant thunderstorms) and, more
importantly, by other users of the HF spectrum



(e.g., international broadcasting, Amateurs, Maritime
mobile, etc.).

* Processing time (the number of hits integrated
divided by the pulse-repetition frequency) — impor-
tant since doppler radar requires a dwell time of T¢
seconds to realize a frequency resolution of 1/T¢
Hertz.

The transmitted waveform for HF radar systems is
similar to that of microwave systems. It can be CW,
pulse, FM-CW, or some other coded mode of trans-
mission. OTHB radar have different problems with de-
tection at minimum ranges than do microwave radars.
This is because of the existence of a skip zone — that
region, familiar to all hams, from which no signal is
received. This skip zone accounts for HF radar’s in-
ability to detect targets closer than 1000 km to the
transmitter.

A long pulse is used in HF radar to increase the sen-
sitivity of the system and may reduce to interference
levels associated with pulse modulation. In addition,
the pulse repetition frequency is normally low to avoid
range ambiguities. A PRF of 50 Hz will yield an un-
ambigious range of some 3000 km. Individual pulse
widths may range from tens of microseconds to
several milliseconds depending upon the sensitivity
desired and the desire to reduce interference to other
services.

antenna requirements are severe

OTHB radar places more demands upon the anten-

the solar jammer

At frequencies in the high HF and low VHF
range, natural extra-terrestrial sources of inter-
ference can play havoc with radar systems.
During the height of the Battle of Britain, for ex-
ample, British radars operating around 30 MHz
were suddenly jammed by a strange, unknown
signal. The interference became so severe that
the British High Command felt sure it was some
new and very effective form of German jamming.
A group of engineers and astronomers, led by
Stanley Hey, was detailed to locate the source
and develop countermeasures. Together they
determined that the interference appeared to
originate in the area of the Sun. After photo-
graphs revealed a large sunspot group on the
surface of the Sun, Hey concluded that the in-
tensity of interference was related to the size and
position of the sunspots on the solar surface.
This discovery, confirmed by other investigators,
led to the post-war development of solar radio
astronomy.

na system than do other types of radar. The antenna
must be physically large because of the low frequen-
cies involved, be capable of handling very large
amounts of power, exhibit gain and directivity over a
wide range of frequencies, and be steerable in both
elevation and azimuth. Typically the antenna consists
of phased arrays of vertical bowtie driven elements in
front of screen reflectors. The antenna lobes are
steered in azimuth and elevation by shifting the phase
relationships between individual active elements.
Normally, separate antennas are used for transmitting
and receiving. While this increases the problems of
synchronizing the transmitter with the receiver, it is
more than offset by the simplification of antenna con-
struction. To place the first lobe as near horiziontal as
possible, an extended ground screen is placed in front
of the array. This ground screen may extend up to
3000 meters in front of and be as wide as the antenna
array.

Changes in the ionosphere bring about changes in
the MUF. HF radar adapts to these changing condi-
tions by shifting its operating frequency. The iono-
sphere is probed with a sounder and the profiles are
updated constantly. This gives real-time information
as to what the best operating frequency for coverage
of a particular area of interest will be. The relationship
between vertical profiles and transmission paths can
be seen from figs. 1 and 2. As the transmission fre-
quency approaches the MUF, the paths lengthen, pro-
viding the maximum distance in a single hop transmis-
sion. Operating at or near the MUF greatly reduces
path losses. Since these radar systems are not limited
to a few discrete bands of frequencies, as are other
services (including hams), they can follow the MUF
quite closely. '

The reliability of HF radar is related to antenna size,
radiated power, and the range of frequencies used.
These factors can overcome shortcomings in the relia-
bility of the ionospheric paths. The ionosphere places
limits on operation in both summer and winter, but
for different reasons. In summer, ionization extends
well into the lower regions, which normally contain
neutral particles. Thus strengthened, the D-layer
causes increased path loss. During the winter, de-
creased solar radiation creates lower electron densities
in the F-layer and results in lower frequencies being
required for reliable transmission. Several other prob-
lems exist because of changes within the ionosphere.
These problems include the following:

* Propagation velocity is frequency dependent which
places lower limits on pulse length and range
resolution.

* The refractive characteristics of the ionosphere allow
specific areas to be covered only by a narrow range
of frequencies at any given moment.
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Tune in on free, worldwide government weather services.
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cover pictures!
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range coverage:
angle coverage:
range resolution:

angle resolution:

Doppler resolution:
velocity of just under 2 MPH.

level of interference:

table 1. Current capabilities of United States and USSR OTHB radars.

1000-4000 km, with longer ranges possible through multiple-hop transmissions.

360 degrees in azimuth possible, but less than 120 degrees typical.

As low as 2 km, with 20-40 km typical.

absolute range accuracy: 10-20 km, assuming accurate and timely assessments of the ionosphere and optimum operating frequency.
Determined by beamwidth. it can be as low as 1 degree, which corresponds to 50 km at a range of 3000 km.
Generally resolution of 1/10 Hz is possible. At an operating frequency of 20 MHz it corresponds to a target

Dependent upon such factors as frequency of operation, antenna design, power level, type of modula-
tion, area of illumination, and duration of operation at any particular frequency.

® The propagation medium is filled with unwanted
clutter from meteor and auroral ionization in addition
to other areas of scattering that compete with target
returns.

present OTHBs

The current capabilities of OTHB radars, both
American and Soviet, are shown in table 1.

it all started with Ivan The Terrible

The initial evidence of Soviet OTHB radar capability
surfaced in mid-1976. The first of these radar units,
nicknamed ‘“The Kiev Buzzsaw’’ or ““lvan The Terri-
ble’” was a 2-million watt transmitter operating near
the city of Kiev, augmented by a smaller installation
near the Black Sea town of Nikolayev. From these
initial efforts, the Soviets have expanded their system
into a fully functional early-warning high-frequency
radar. Most of the early information concerning the
Russian Woodpecker, as it is now known, came from
the worldwide efforts of Amateur Radio operators.
Even today, little hard information is available con-
cerning the physical make-up of these radar installa-
tions. Western intelligence reports remain classified
and, or course, the Russians appear reluctant to
volunteer anything.

The Woodpecker is part of some 7000 surveillance
radar systems deployed at over 1200 sites across the
length and breadth of the USSR. While it was initially
thought that the Woodpecker was designed for air-
craft or ship detection, recent information indicates
that it is actually a ballistic missile early warning
system. There are currently three of these OTHB
radars in operation. Two of them pointed at the United
States and the other was directed at central China.
These radar systems operate in conjunction with sat-
ellite detection systems to provide upwards of 30 min-
utes warning of an ICBM strike launched from sites
within the United States or China. This HF radar
launch detection system is not as accurate or reliable
as a satellite system, but the two working together give
24 hour-a-day coverage of missile silos.
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fig. 1. Daytime vertical profile of the ionosphere.*
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fig. 2. Virtual path traces at two frequencies based on
data in fig. 7. Radiation angles of 4-12-20 degrees above
horizontal. {(Adapted from "“Over-The-Horizon Radar on
the HF Band,” Proceedings of the IEEE, June, 1974.)

*Adapted, with permission, from James M. Headrick’s “Over-The-Horizon
Radar on the HF Band,"' Proceedings of the IEEE, Volume 62, Nov. 6, June,
1974. ©1974, IEEE.
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Since its beginning in 1976, the Soviet OTHB
systems have increased their power and currently
operate at the 20 to 50 megawatt level. Their system
utilizes pulse modulation, in contrast to the American
CONUS OTHB, which transmits FM-CW. The PRF
{Pulse Repetition Frequency} is normally 10 per
second, although additional analysis has suggested
each pulse actually consists of a pulse train of up to
twenty different square wave pulses with some less
than two milliseconds long, giving an effective PRF
of 800 pps. The modulation scheme employed by the
Russians has undergone some evolutionary changes
since the inception of this radar system. Currently, the
modulation, though still a pulse system, causes the
radar signal to be spread in frequency. This permits
frequency compression on the receiving end and
results in “‘processing gain'’ for the system as a whole.
In addition, this spread-spectrum technique allows the
detection system to more easily discriminate against
other stations on frequency. Unfortunately, these
wide-band signals have further increased the inter-
ference levels to other, legitimate users of the HF
band.

Currently, the radar signals no longer sit on one fre-
quency for extended periods of time, as they once did.
This is due, in part, to the protests of other users of
the HF spectrum, but also to the Soviets’ efforts to
utilize the optimum transmission frequency. At the
present time, the signals move up and down the band
in 100 kHz steps at intervals of 30 seconds to 10
minutes.

why hams are most affected

It is also noteworthy that the Woodpecker chooses
parts of the HF spectrum with low rates of RF oc-
cupancy. Certain portions of the band have few users
per unit time and those users operate with low levels
of radiated power. These areas of the spectrum are
a natural for radar operation, placing less stringent re-
quirements on the detection system. As can be seen
in fig. 3, the Amateur bands fit nicely into this
category. This helps to explain why hams have
suffered the most. In addition, Amateurs tend to have
limited political “pull’”” with their governments and,
thus, are less able to bring pressure to bear to curb
this interference than are other users of the spectrum.
Other services, such as international broadcasting, can
overcome the Woodpecker by raising their effective
radiated power into the megawatt range and thereby
swamping out the Russian radar.

Worldwide response to the Woodpecker arose
almost immediately after its first transmission. In
July, 1976, the Federal Communications Commission
sent a telegram — prompted by complaints from ham
operators about interference levels on the 20-meter
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fig. 3. Typical power spectrum at HF. Note correlation
with user allocation. Noise floor — 140 dBw (140 dB
below 1 watt). (Adapted from “Over-The-Horizon Radar
on the HF Band,”’ Proceedings of the IEEE, June, 1974.)

band — to the Soviet Ministry of Post and Tele-
communications. With no response from the USSR,
the FCC sent three more cables. Still there was no
response. In October, the FCC filed a formal complaint
with the International Frequency Registration Board.

Additional complaints poured in from Amateur,
Maritime, and aeronautical operators in other coun-
tries. In addition to the United States, and European
nations, countries in the region of the Baltic Sea as
well as Australia and New Zealand voiced strong pro-
tests. Early in 1977, the Soviet Union admitted that
their experiments might cause some interference to
other radio facilities for short periods of time. As
worldwide pressure mounted, the USSR agreed to cut
back on these radar transmissions. In reality, the
Woodpecker remained on the air for the same amount
of time, but its signals moved back and forth through
the HF band rather than staying in one spot for ex-
tended periods of time.

In 1979, this issue surfaced, but was never pressed,
at the World Administrative Radio Conference. In
retrospect, this was probably for the best. This con-
ference resulted in substantial gains for the Amateur
community that might never have come about if the
Conference had been disrupted over the Woodpecker
issue.

Soviets ignore treaty
The USSR is signatory to international telecom-



munications treaties that spell out, in detail, the alloca-
tions for broadcasting. However, the Soviets have
made full use of an escape clause included in all of
these treaties. Simply put, a nation may ignore the
treaty if such action is deemed to be in the best in-
terests of its national defense. In addition, telecom-
munications treaties are only as good as a nation’s will-
ingness to abide by them. There is no practical way
to force compliance by other countries. Most nations
observe these treaties rather closely, however, realiz-
ing that compliance is in the best interest of the world
community.

The current position of the United States was re-
cently stated by Dr. William Schneider, Under Secre-
tary of State for Security Assistance, Science and
Technology. In an interview, Schneider commented,
“We are making every effort to encourage the USSR
to comply with their treaty obligations. In this regard,
| hope we will be more effective in the future than we
have been in the past.”" In reality, this means that the
Soviets will continue to use the Woodpecker as long
as it suits their needs or until they develop a completely
accurate and reliable satellite surveillance system for
ICBM launch detection.

what can we do?

So what can you do the next time the Woodpecker
blows the 20-meter band apart? There's no point in
complaining to the FCC or Department of State —
they're not interested. They have literally thousands

interference
not inevitable

The USA’s CONUS OTH-B radar has received
widespread publicity in technical, professional,
and Amateur publications. At the onset of opera-
tion, the project’s organizers actually soficited
interference reports from all users of the HF
spectrum. A committee was set up to handle the
expected deluge of complaints; after two years
of operation, only eight reports had been re-
ceived. Of these, seven were disallowed because
the radar had not been in operation at the time
the alleged interference occurred or because the
radar was operating on a frequency far removed
from the one specified in the complaint. The
eighth report was not a complaint at all, but
rather a report from an SWL looking for confir-
mation. This absence of interference to other
services is due to the nature of the American
radar and the care exercised in the selection of
clear frequencies.
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fig. 4. Spectral distribution of signal from the Russian
Woodpecker (assuming 50 Mw carrier ERP, note that the
Woodpecker still has 5000 watts ERP 50 kHz either side
of center frequency).

of complaints on file and don’t need any more.They
are fully aware of the problem and realize how little
they can do to change it. Cranking your keyer up to
99 WPM and shooting a string of pulses in the direc-
tion of the Soviet Union is equally futile. Because the
radar is designed to ignore this type of interference,
all this accomplishes is additional QRM for other hams.

Perhaps the best solution to Woodpecker inter-
ference lies in the field of electronics. The technology
is available to eliminate this pest at the receiver. The
newer transceivers, such as the Kenwood TS-930, the
ICOM IC-751, and the Yaesu FT-1, among others,
have dual noise blankers, one of which is designed to
eliminate long pulse noise such as that from the Wood-
pecker. This trend is likely to continue until most new
rigs have this capability.

All this doesn’t help those of us who aren’t quite
ready to buy a new state-of-the-art transceiver. What
can we do? We have two choices. The first is to build
a custom noise blanker for our existing rigs. Circuits
to eliminate the Woodpecker have been published in
Amateur magazines and in the ARRL’'s Radio
Amateur’s Handbook. The second choice is the pur-
chase of a ““Moscow Muffler,” a Woodpecker noise
blanker manufactured by AEA (Advanced Electronics
Applications) of Lynnwood, Washington. Installed be-
tween the transceiver and antenna, this unit effectively
blanks out the Woodpecker by means of an RF sensing
unit that automatically takes it out of the circuit when
the transmitter is keyed. The blanking width and syn-
chronization are both adjustable. The basic sync rate
may be switched between 10 and 16 Hz to allow for
blanking when both OTHB radars are in operation.

It does not appear that the Woodpecker will dis-
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fig. 6. Caverage of Soviet “Woodpecker” ICBM launch detection systems. (Note: this base map aﬁpeared in KR7L's “'Fun-
damentals of Grayline Propagation,” ham radio, August, 1984, page 77. Azimuthal-equidistant map prepared by Bill Johnston,
N5KR, 1808 Pomona Drive, Las Cruces, New Mexico 88001.)

appear within the near future. The Soviet Union will vide the solution to a worldwide problem that ap-
continue operation despite world opinion, as long as parently cannot be resolved by diplomatic methods.
it deems the practice necessary. The ultimate prac-
tical solution will be the inclusion into Amateur equip- i N )

nt of noise blankers ble of removi this in- 1. Theodore J. Cohen, “CQ Interviews . . . Dr. William Schneider, K2TT,
me o € an_ capa N Ot removing ) Under Secretary of State for Security Assistance, Science and Technology
terference. Advancing electronic technology will pro- Department of State, Washington, D. C.,” CQ, February, 1983, pages 11-13.
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fig. 6. The MOSCOW MUFFLER” by Advanced Electronics
Applications, Inc. This transceiver accessory is capable of re
«moving interference from the Woodpecker.
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7~ SHORT CIRCUIT HOTLINE ~

Building a current ham radio project? Call the
Short Circuit Hotline any time between 9 AM and
Noon, or 1 to 3 PM — Eastern time — before you
begin construction. We’ll let you know of any
changes or corrections that should be made to the
article describing your project.

(See “Publisher’'s Log,” April, 1984, page 6, for

details.)
603- 878- 144|

The Alpha Delta ACTT AC Transi-TrapTM is a plug-in-the-wall
surge protector that has two 120 volt grounded sockets, status
light, circuit breaker and a unique 3 stage protection circuit,

The ACTT gives you both transverse and common mode pro-
tection with a high speed, self restoring, 6000 volt/2000 amp
surge discharge circuit. This circuit goes from hot to neutral
and ground and neutral to ground. Several competitive devices
use only a single stage 100 amp protector. Plug a distribu-
tion box into the ACTT and everything downline is protected.
The ACTT is UL listed and is available from either Alpha Delta
dealers or Alpha Delta direct. Please add $2.00 for shipping
and handling.

The ACTT is designed to reduce the hazards of lightning and induced
surge voltages. It is not for direct strike protection.

mum_wmm. INC.

PO Box 571
Centerville, OH 45459 'ﬁ
k(513} 435-4772 v 107 o B

PORTABLE ANTENNA

MODEL AP-10

Designed for
APARTMENTS
MOTELS
VACATIONS

PRICE

‘437

Add 5300

Shipping and Handling

Quick Simple Installation. Operates on 2, 6, 10, 15, 20, 30
and 40 meters. All coils supplied. Only 22-1/2 inches long.
Weighs less than 2 Ibs. Supplied with 10 ft. RG 58 coax
and counter poise. Whip extends to 57 inches, Handles
up to 300 watfs,

VSWR—-1.1:1 when tuned

Witte for mone detalls ond ofher BAW products

ALL OUR PRODUCTS MADE IN USA _
BARKER & WILLIAMSON
Quality Communication Products Since 1932
At your Distributors: Write or Call .
J 10 Canal Street, Bristol PA 19007 m

(215) 788-5581




THE MOSTAFFORDABLE |
REPEATER

ALSO HAS THE MOST IMPRESSIVE |
PERFORMANCE FEATURES

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!)

U REPEATER

1

— i - - A i i —— ——

JUST LOOK AT THESE PRICES!

FEATURES:

o SENSITIVITY SECOND TO NONE; TYPICALLY
0.15 uV ON VHF, 0.3 uV ON UHF.

e SELECTIVITY THAT CAN'T BE BEAT! BOTH

_ Band _Kit Wired/Tested 8 POLE CRYSTAL FILTER & CERAMIC FILTER FOR
GREATER THAN 100 dB AT % 12KHZ. HELICAL
10M,6M,2M,220 8680 $880 RESONATOR FRONT ENDS. SEE R144, R220,
440 $780 $980 AND R451 SPECS IN RECEIVER AD BELOW.

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

e CLEAN, EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT

Both kit and wired units are complete with all parts, modules, hardware, and crystals.

CALL OR WRITE FOR COMPLETE DETAILS.

Also avallable for remote site linking, crossband, and remote base

HIGH-PERFORMANCE
RECEIVER MODULES

R144 Shown

® R144/R220 FMRCVRS for2Mor220 MHz.
0.15uV sens.; 8 pole xtal filter & ceramic filter
in i-f, helical resonator front end for exceptional
selectivity, more than —100 dB at +12 kHz,
best available today. Flutter-proof squeich.
AFC tracks drifting xmtrs. Xtal oven avail.
Kit only $138.

® R451 FM RCVR Same butfor uhf. Tunedline
front end, 0.3 uV sens. Kit only $138.

e R76 FM RCVR for 10M, 6M, 2M, 220, or
commercial bands. As above, but w/o AFC or
hel. res. Kits only $118.

Also avail w/4 pole filter, only $98/kit.

e R110VHF AM RECEIVER kit for VHF aircraft

band or ham bands. Only $98.

e R110-259 SPACE SHUTTLE RECEIVER,
kit only $98.

amrom’cs®
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(UP TO 50W WITH OPTIONAL PA).

HIGH QUALITY MODULES FOR
REPEATERS, LINKS, TELEMETRY, ETC.

TRANSMITTERS

e T51 VHF FM EXCITER for 10M, 6M, 2M,
220 MHz or adjacent bands. 2 Watts contin-
uous, up to 2% W intermittent. $68/kit.

® T451 UHF FMEXCITER 2to 3 Wattson 450
ham band or adjacent freq. Kit only $78.

® VHF & UHF LINEAR AMPLIFIERS. Use on
either FM or SSB. Power levels from 10 to 45
Watts to go with exciters & xmtg converters.
Several models. Kits from $78.

with tight coverand no seams. 7 x 8 x 2 inches.
Designed especially for repeaters. $20.

® A16 RFTIGHT BOX Deepdrawn alum. case

ACCESSORIES

¢ HELICAL RESONATOR FILTERS available
separately on pcb w/connectors.

HRF-144 for 143-150 MHz $38
HRF-220 for 213-233 MHz $38
HRF-432 for 420-450 MHz $48

® COR-2 KIT With audio mixer, local speaker
amplifier, tail & time-out timers. Only $38.

¢ COR-3 KIT as above, but with "courtesy
beep”. Only $58.

e CWID KITS 158 bits, field programmable,
clean audio, rugged TTL logic. Kit only $68.

e DTMF DECODER/CONTROLLER KITS.
Control 2 separate on/off functions with
touchtones®, e.g., repeater and autopatch.
Use with main or aux. receiver or with Auto-
patch. Only $90

e AUTOPATCH KITS. Provide repeater auto-
patch, reverse patch, phone line remote
control of repeater, secondary control via
repeater receiver. Many other features.
Only $90. Requires DTMF Module.

e NEW-SIMPLEX AUTOPATCH
Use with any transceiver. System includes
DTMF & Autopatch modules above and new
Timing module to provide simplex autopatch
and reverse autopatch. Complete patch
system only $200/kit. Call or write for details.

—

Tell ‘em you saw it in HAM RADIO!




NEW LOW-NOISE PREAMPS

RECEIVING CONVERTERS TRANSMIT CONVERTERS

ﬂ | Hamtronics Breaks
' the Price Barrier!

x *

No Need to Pay$80to $125
for a GaAs FET Preamp.

FEATURES:

eVery Low Noise: 0.7 dB VHF, 0.8 dB UHF

® High Gain: 18 to 28 dB, Depending on Freq.

# Wide Dynamic Range for Overload Resistance

o Latest Dual-gate GaAs FET, Stable Over Wide
Range of Conditions

® Rugged, Diode-protected Transistors

® Easy to Tune

® Operates on Standard 12 to 14 Vdc Supply

® Can be Tower Mounted

MODEL TUNES RANGE PRICE
LNG-28 26-30 MHz $49
LNG-50 46-56 MHz $49
LNG-144 137-150 MHz $49
LNG-220 210-230 MHz $49
LNG-432 400-470 MHz $49
LNG-40 30-46 MHz $64
LNG-160 150-172 MHz 64

ECONOMY PREAMPS

QOur traditional preamps, proven in years of
service. Over 20,000 in use throughout the
world. Tuneable over narrow range. Specify
exact freq. band needed. Gain 16-20 dB. NF =
2 dBorless. VHF units available 27 to 300 MHz.
UHF units available 300 to 650 MHz.

® P30K, VHF Kit less case $18
® P30W, VHF Wired/Tested $33
® P432K, UHF Kit less case $21
® P432W, UHF Wired/Tested $36

HELICAL RESONATOR
PREAMPS

QOur lab has developed a new line of low-noise
receiver preamps with helical resonator filters
builtin. The combination of a low noise amplifier
and the sharp selectivity of a 3 or 4 section
helical resonator provides increased sensitivity
while reducing intermod and cross-band inter-
ference in critical applications. See selectivity
curves at right. Gain = approx.12 dB.

Model Tuning Range Price
HRA-144 143-150 MHz $49
HRA-220 213-233 MHz $49
HRA-432 420-450 MHz $59
HRA- ) 150-174MHz $69
HRA-( ) 450-470 MHz $79

e Call or Write for FREE CATALOG

e (Send $1.00 or 4 IRC’c for overseas mailing)

e Orderbyphone or mail ® Add $3 S & H perorder
(Electronic answering service evenings & weekends)
Use VISA, MASTERCARD, Check, or UPS COD.

More Details? CHECK — OFF Page 158

Models to cover every practical rf & if range to
listen to SSB, FM, ATV, etc. NF = 2 dB or less.

Antenna Receiver
Input Range  Output
28-32 144-148
VHF MODELS 50-52 28-30
Kit with Case $49 50-54 144-148
Less Case $39 ::g:::? gg'ig
Wired $69 144-144.4 27-27.4
146-148 28-30
144-148 50-54
220-222 28-30
220-224 144-148
222-228 144-148
220-224 50-54
222-224 28-30
UHF MODELS 432-434 28-30
Tere 435-437 28-30
Kit with Case $59 432-436 144-148
Less Case $49 432-436 50-54
Wired $75 439.25 61.25

SCANNER CONVERTERS Copy 72-76, 135-
144, 240-270, 400-420, or B06-894 MHz bands
on any scanner. Wired/tested Only $88.

SAVE A BUNDLE ON
VHF FM TRANSCEIVERS!

FM-5 PC Board Kit - ONLY $178
complete with controls, heatsink, etc.
10 Watts, 5 Channels, for 2M or 220 MHz.

Cabinet Kit, complete
with speaker, knobs,

connectors, hardware.
Only $60.

While supply
lasts, get $60
cabinet kit free when
you buy an FM-5 Transceiver kit.
Where else can you get a complete transceiver

for only $178

Hamtronics *

» 305

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

Exciter Antenna
Input Range  Output
28-30 144-1486
For VHF, 28-29 145-146
Model Xv2 28-30 50-52
Kit $79 27-27.4 144-144.4
Wired $149 28-30 220-222¢
(Specify band) 50-54 220-224
144-146 50-52
50-54 144-148
144-146 28-30
28-30 432-434
For UHF, 28-30 435-437
Model XV4 50-54 432-436
Kit $99 61.25 439.25
Wired $169 144-148 432-436°

*Add $20 for 2M input

VHF & UHF LINEAR AMPLIFIERS. Use with
above. Power levels from 10 to 45 Watts.
Several models, kits from $78.

LOOK AT THESE
ATTRACTIVE CURVES!

T | T |_1

- " » .'/ _.:',-.‘.--...-
Typical Ssiecrmi'} Curves
of Recelivers and
Helical Resonalors.

IMPORTANT REASONS WHY
YOU SHOULD BUY FROM THE
VALUE LEADER:

1. Largest selection of vhf and uhl kits
in the world.

2. Exceptional quality and low prices due
to large volume.

3. Fastdelivery; most kits shipped same day.

4. Complete, professional instruction

manuals.

5. Prompt factory service available and
free phone consultation

6. In business 21 years.

7. Sell more repeater modules than all
other mfrs. and have for years. Can give
quality features for much lower cost

amlroni , IncC.

65-E MOUL RD. ® HILTON NY 14468

Phone: 716-392-9430

is a registered trademark
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a double conversion
portable SW receiver

Good converter design calls for an examination of

Modlfy an ear“er deS[gﬂ all mixing by-products for each choice of local

oscillator and desired input signal range and minimizes

et in-band spurious responses.? The frequency conver-

for addltlonal Coverage’ sion scheme finally decided upon extends front-end

e coverage to include signals in the 9.3 to 10 MHz range.
built-in frequency counter The incoming signal is downconverted to 3.3 to 4.0

MHz using a crystal oscillator and active mixer. The
digital display is made to ““track’ by converting the
3" MHz readout to 9" MHz simply by switching the
In the April, 1984 issue of ham radio, Jack described the construc “F'" LED segment, thereby e|iminating the need for
tion of a compact, portable, high performance shortwave receiver elaborate frequency readout conversion schemes. To

for the 46- through 100-meter bands.' This article provides a design 2 : ey s
for an extended coverage receiver based on that design, but offer accomplish this a 4-pole, 2-position C&K miniature

ing front-end RF wning and a built-in frequency counter and power switch performs the fO"OWiI"Ig functions:

supply. Helpful circuit hints applicable to other receiver designs are

also described. The April article should be reviewed for schematics, . suppiies +12 VDC to the converter board
I ils. 1.2 h i .

component values and contruction details. Figures and 3 show e bandswitches the converter IﬂpU[

several views of the new receiver from different angles, including

component layout and shielding requirements — Editor. * bandswitches the converter output

* switches the “F'" LED between 3" and "'9"

The converter has been designed for a broadband
| ! response and the RF and MIX trimmers should be
stagger-tuned for flatest front-end response. The con-
verter schematics and the wiring of the CONV band-
switch are detailed in fig. 4.

construction details

In addition to the schematics and photos shown,
the following information should be useful.

Power transformer. This should supply 14 volts at
120 mA. A 15-volt unit would probably be better to
use because it would deliver (under load) a DC voltage
closer to that of a car battery. Presently, power drain

fig. 1. Top row of controls includes antenna input, on/off
switch, RF bandswitching. Bottom row includes AF gain By Jack Perolo, PY2PE1C, P.O. Box 2390, Sao

knob, RF tuning, main tuning. Paolo, Brazil
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fig. 2. Top view. At top left is the 4-digit display, wired to the
frequency counter below it. At top center is the S-meter, with
C&K switches to its right. The input 9 MHz trap is at top right.
The IF strip is below the S-meter, shielded with 1/16 inch
aluminum sheet. At bottom left is the 60:1 ratio Muffett gear
reducer connected with flexible coupling to the 104 pF variable
capacitor. To the right of the variable capacitor is the power
transformer, followed by the 9 MHz crystal filter. The back
panel has provisions for two AF output jacks, DC power
(12 volt) input jacks, and a 110 VAC connector (see fig. 3).

is 120-125 mA with the 9 MHz converter on, dropping
to about 100-105 mA with the converter off. (Saw off
the original brackets; use a bolted pillar and pressure
holder to keep it in place.)

Space-saving techniques. In order to make room
for the converter and power transformer, a new layout
was developed. The audio strip PC board was
redesigned and reduced in size, with all components
vertically mounted. This reduced it from 1.57 x 2
inches (40 x 50 mm) to 1.18 x 1.57 inches (30 x 40 mm).

The PC board that houses the audio strip also in-
cludes the power supply, the zener diodes, and the
front-end converter. The 1/16 inch thick epoxy board
measures 2-3/8 x 3-1/2 inches (60 x 90 mm). Separate
diodes were used in the supply to avoid confusion in
case 110 VAC and external power were left on at the
same time.

Gear reducer. Zero backlash, Muffett size 1 with gear
ratio 60:1. Available in the U.K. for $75.00.

Cabinet. 2 x 6 x 6 inches (50 x 150 x 150 mm) HWD.

fig. 3. Bottom view. At top left are the audio frequency
potentiometer and 5-24 pF Jackson RF trimmer. S-meter is
at top center; below the S-meter is the PC board for power
supply, AF strip and the front-end converter. The power
supply electrolytic capacitors are at its right. At left is the
RF/Mixer PC; notice shield between it and the front-end con-
verter. The 110 VAC connector is at bottom. At bottom right
is the VFO PC board, with electronic bandswitching circuitry,
shielded from both the RF PC and front end converter PC;
the VFO PC board ends near the gear reducer, seen at bottom
right. All RF transistors are mounted in sockets to ease
replacement in case of failure.

ham band options

The 80-meter band, covered in the earlier project,
is included in the current version. The 40-meter band
can be covered by the direct method or by the con-
verter method. Using the direct method extends the
coverage of the basic receiver to 7 MHz. (The MHz
digit of the display must be read.) The converter op-
tion would employ a 4 MHz crystal; the digit problem
appears to be easier to solve, but some spurious sig-
nals are likely to appear within the band. Coverage on
30 and 20 meters can be implemented by modifying
the front-end conversion using a single set of coils and
electronically bandswitching the parallel capacitors and
the oscillator crystal. One can cover 7, 10, and 14 MHz
with the same basic converter by increasing PC board
size slightly.

The frequency counter can easily handle the fifth
digit (tens of MHz) because the 7207 IC has provisions
for it, but the power supply must be sized according-
ly for the extra load. Care should also be taken in the
layout and design of the front panel, which is presently
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Colls needed for the converter are L14 through L16.

coil description
L14,L15  RF coil 3 turns and 20 turns
(No. 26 ename! wire),
respsctively on Amidon
7-37-2 toroid
L1s RF coil 20 turns
(No. 26 snams! wire)
on Amidon T-37-2 toroid
RF_SWITCH
SW-4 Q 0.047
<
sw-5 o, : .
, LO
1
'
|
)
sw-i Q! 0.047
%
Sw-2 © : ‘ 7

fig. 4. Schematics of the GP-78 converter and bandswitch wiring. (RF coils shown, L1 through L4, are detailed in
refarence 1.) Shielded bandswitch connections use miniature coaxial cable, type RG-174/U or equivalent. The 6.0 MH2
crystal is a type HC-25/U by ICM. Only the first two digits (DG) of the frequency display are shown, as the third and fourth
digits are wired in parallel to digit No. 2. The new control added "RF PEAK"” is a 5-24 pF Jackson miniature trimmer, con-
trollable from the front panel (see fig. 1). The remainder of this circuit {not shown) is identical to the schematics shown
in reference 1. The converter shown could also be adapted to the earlier (or other) projects as a separate accessory, fitting
into a3 x 3 x 0.75 inch box, borrowing the + 12 voits from the receiver.
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very crowded; the addition of an extra digit would re-

quire widening the panel.
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computer technology:

fast, fast, FAST!

Some of the most dramatic
changes in computer technology are
taking place in architecture — that is,
in the way computer logic is organized.
This is necessary because electronic
speeds are now so fast that the physi-
cal distance between circuit elements
has become a major limitation. To alle-
viate this problem, the Cray supercom-
puter features logic bays arranged in
a circle so that all interconnects are not
more than one circle diameter away.
NASA has developed a design called
the Massively Paraliel Computer — and
massive it is: over 16,000 identical
processors are arranged in parallel.
This approach allows an image proc-
essing task that takes 8 hours on a
conventional large mainframe to be
reduced to only 17 minutes! Com-
panies such as Cray, ETA, and Fujitsu
are developing computers that will be
10,000 times faster than an IBM PC by
1987 or 1988. The implications of this
kind of progress make exciting news
for hams. Might it someday be possi-
ble to contain a basic HF receiver on
a single chip? A complete SSB receiver
could actually consist of 3000 in-
dividual receivers, each having 1 kHz
bandwidth and tuned to a different
part of the HF spectrum under com-
puter control. Such a unit could repre-
sent the ultimate in interference
avoidance and MUF agility!

cooling high-speed
circuits

Ever since the beginning of the
electronic era, heat has been a prob-

lem. The absence of effective ways to
remove it at the device level continues
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to be a major limitation to present
large-scale integration. Designers are
now examining methods by which an
IC substrate can be bonded to a
porous metal carrier, with coolant cir-
culated through the porous metal,
then evaporated and recovered in a
closed system. Using this method,
thermal transfer can be improved to a
rate 100 times better than with con-
duction alone, with each LSI circuit
containing its own refrigeration
system.

Also significant is the interest in run-
ning VLSI circuits at the temperature
of liquid nitrogen (77 degrees K). At
this temperature electron mobilities go
up, speed increases, and thermal effi-
ciency improves. With modern tech-
nigues, even the cryogenic problems
aren’t too difficult. Look for examples
of this approach to appear in commer-
cial products before too long.

Even more exotic are super-cold
devices called Josephson junctions
{JJ’s). These are thin film devices that
operate at 4 degrees K (the tempera-
ture of liquid hydrogen), exhibit pico-
second {one millionth of a micro-
second) speed, and consume nearly
zero power because they operate at
superconducting temperatures. After
spending nearly twenty years develop-
ing JJ's for supercomputer applica-
tions, IBM recently threw in the towel
because of the difficulty of manufac-
turing the device and its support sys-
tem. Work continues in Japan, how-
ever, with Fujitsu pursuing research
and the Ministry of International Trade
and Industry (MIT1) funding the de-
velopment of a JJ analog-to-digital
converter. With several GHz band-
widths, such a device could make
possible digital storage scopes with
several hundred MHz capability, or

MGT

low-noise digital VHF receivers with
direct conversion to digital information
at the front end. Although very low
temperature devices have many attrac-
tive characteristics, they may be dif-
ficult to put to use —except in space,
where the necessary low temperature
is free. But the benefits are great
enough to warrant a substantial con-
tinued effort around the worid. We
should see some exciting break-
throughs in the near future.

faster antennas, too

Take a look at what's happening
in  telecommunications. More and
more information is being sent over
each circuit; system bandwidths are
being increased, and most data is now
digitized before transmission. All this
wideband data eventually goes to an
antenna that radiates the signal. This
means that the antenna has to have
some measure of frequency independ-
ence — that is, be'broadband. As data
rates and information density increase,
the pulse response of the system also
becomes a consideration.

It is now being observed that many
antenna types don’t exhibit adequate
pulse response for present and con-
templated data links. The problem is
not an easy one to resolve. In order to
radiate, antennas must depart from the
distributed characteristics that give
transmission lines their good pulse
response. Much attention is now be-
ing given to measuring the pulse/tran-
sient response of various antennas,
and the relevant journals abound with
complex math as a result. Perhaps all
this effort will lead to new antennas
that will couple the desired energy in-
to space without acting as if they had
all kinds of L & C hung across them.

ham radio



meet Ernie Guerri, W6MGI

Ernie Guerri, W6MGI, comes to the pages of
ham radio with a background that includes 32
years as a licensed Amateur, and 27 years in the
development and management of advanced
technology. He is a Senior Member of the IEEE
and a life member of ARRL.

Ernie was educated in Physics at the University
of Maine, Semiconductor Electronics at the
University of California, and in Business at
Stanford. He has held engineering and manage-
ment positions at IBM, Raytheon, and General
Dynamics. Each of these positions involved work
at the leading edge of aerospace technology,
telementry, and deep space communications.
Most recently he has been President and General
Manager of the Advanced Technology Center of
Gould Inc., one of America’s large ($1.5B) elec-
tronics companies. In October, 1983 he left
Gould to form his own technology consulting
firm, which he now operates from offices in
Chicago.

Ernie will be commenting on technological
developments that will shape the equipment of
tomorrow. Some will have direct relationship to
Amateur Radio; others will hopefully encourage
implementation of new technologies in yet un-
explored areas of our hobby.

Two great
ways to get

QS5 copy
Ask:

G4HUW KB5DN WA4FNP WD5DMP
KJ2E K61MV  WD4BKY WDBQHD
K4XG K8MKH WD4CCI WBANOV
KA4CFF KB@TM WD4CCZ WD9DYR
KASDXY WA4YPL W5GAI

444D SSB/FM
Base-Station Microphone
Shure's most widely used base-
station microphone is a ham
favorite because it really helps
you get through...with switch-
selectable dual impedance low
and high for compatibility with
any rig! VOX/NORMAL switch
and continuous-on
capability make
the 444D easy
to use even
under tough
conditions. If
you're after
more Q5's, you
should check

it out.

526T Series Il
SUPER PUNCH'
Microphone
Truly a microphone
and a half! Variable out-
put that lets you adjust the
level to match the system
The perfect match for
virtually any transceiver
made, regardless of
impedance. Turns
mobile-NBFM unit into
an indoor base station!
Super for SSB

FREE! Amateur operation, too. These

Radio Micro- and many other
phone Selector features make the
Folder. Write 526T Series |l a

for AL645.

must-try unit
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Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204
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Ham MasterTapes brings the best
possible personalized Ham Radio
license preparation right into your own
living room. If you, a friend or family
member wants the best help available to
get past the FCC test hurdle, it’s
available now in Beta or VHS home
video format.

Larry Horne, N2NY brings his 33
years of Ham Radio teaching experience
right to your home. Each of the 26 video
lessons has close-up details of com-
ponents and systems along with superb
graphic drawings. Each lesson has
important points superimposed over the
action and reviewed at the end of each
section. This makes note-taking a snap!
Miss something? Didn'’t get it the first
time? Just back up the tape and run it
again or freeze-frame it for detailed
close-up study!

Larry’s classroom is a real ham shack.
Lee, a 13-year-old boy, and Virginia are
led through the learning process. The
questions that they ask are the ones
Larry knows you would ask if you were
there in person. You soon feel like you're
part of an ideal small class.

The topics covered will not only get
you through the Novice test— General
class theory is covered also. By the time
you get your Novice license, you will be
able to upgrade to General or
Technician!

Larry’s technique of involving the
viewer with the demonstrations makes

Ham MasterTapes

THE N2NY HAM RADIO COURSE ON VIDEOTAPE

¢ 1983 N2NY Proguctions nc

PRESENTS:

THE ONLY
HAM RADIO COURSE
ON VIDEOTAPE

the most difficult topics easy to un-
derstand. Understanding—not mere
memorization—is what makes Ham
MasterTapes so effective. When you
study the 700 possible FCC questions,
the answers will be obvious.

Larry doesn’t stop with just test-
passing. All the proper techniques of
operating practices and courtesy are
demonstrated. The instruction manual
for that new rigwon’t be a mystery! Larry
becomes your own personal instructor
to help you on that first set-up and
contact!

The Ham MasterTapes series is
produced in one of New York City’s top
commercial studios. Not only is the
production crew made up of real
professionals but many of them are also
licensed amateurs. Everybody puts in
obvious extra effort to make the
production a classic.

The 6-hour course is available on three
2-hour Beta Il or VHS-SP cartridges for
$199.95, for individual ,home or nonprofit
Ham Club use. (High schools or colleges
must order our Scholastic licensed
version, $499.95 for Beta or VHS and
$750 for 3/4” U-matic.)

To order, call or write Larry Horne,
N2NY at Ham MasterTapes, 136 East
31st Street, New York NY 10016. Phone
212-685-7844 or 673-0680. MasterCard
and Visa accepted. New York state
residents add appropriate sales tax.

1R NYN < Froduetaon, o

T.M.

Ham Masterlapes

THE N2NY HAM RADIO COURSE ON VIDEOTAPE

136 East 31st Street

(212) 685-7844 « 673-0680

New York, New York 10016 « 161
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extending
the modular 2-band receiver

Add two boards
— and build yourself

an HF transceiver
for SSB and CW

In the July, 1983, issue of ham radio ) presented a
design for a practical, easy-to-use HF receiver with
digital readout.’ The simple addition of a converter to
the front end extends the receiver's frequency
coverage to VHF; the addition of just two more boards
turns the unit into an SSB/CW transceiver as well,
see fig. 1.

design concept

Simply stated, an SSB transmitter amplifies voice,
mixes it with a carrier frequency in such a way as to
balance out the carrier, removes one sideband, and
mixes the result up or down in frequency to the desired
output frequency.

In this design, see fig. 2, the audio from the
microphone is amplified by a two-stage speech
amplifier and applied to a simple two-diode balanced
modulator that removes the carrier, providing a signal
that contains two sidebands and a suppressed carrier.
The carrier source is the BFO. By selecting either USB
or LSB, the operating mode for the transmit signal is
also selected. To remove one of the sidebands, the
signal is passed through the same crystal filter used
for receive. Just as the unwanted sideband is removed
on receive, the output from the crystal filter contains
only one sideband. Because this sideband signal, how-
ever, is too low in level to allow the transmitting mix-
er to function properly, an IF amplifier must be used
to increase the signal to an effective level. The out-
put of this stage is injected into the MC1496 double-
balanced mixer IC, where it again mixes with the VFO
to produce outputs at 14 and 4 MHz (9 + 5 = 14 and
9 - 5 - 4). The same filters as those used for receive
are used here to remove the undesired output. The
20-meter filter removes the 80-meter signal and vice-
versa.

The SSB signal present at the output of the band-
pass filter is clean but at a very low level. A two-stage
broadband amplifier has been designed for an output
of about 10 watts (see fig. 3). The driver transistor
is a 2N3866 which in turn drives a 2N5590 operating
in class AB. The output at this power level is "“clean’’
{low spurious/harmonic content) and requires no ad-
ditional filtering. However, if you wish to drive a much
higher output broadband ampilifier, { would recom-
mend adding low-pass filters for each band. Several
articles on this subject have been published in this and
other magazines.

operation

The same mixing scheme used for SSB transmis-
sion can be used to generate CW. A twin-T oscillator
serves the dual purpose of generating both a sine wave
tone, used for monitoring, and the CW signal. When
a clean tone of a single frequency is applied to an SSB
transmitter, a single output frequency, separated from
the removed carrier frequency by the frequency of the
applied tone, is produced from the transmitter. For ex-
ample, if a 1 kHz tone is injected into the SSB
transmitter, a CW output offset by 1 kHz is generated.
Conversely, if tuning in another station produces a 1
kHz CW tone on receive, your transmitter will be on
the exact transmitting frequency of the other station
when you answer. (A similar method was used to pro-
duce CW in the old Heathkit SB/HW series of
transceivers.)

To send CW it's necessary to activate the transmit-
ter by either manually switching to transmit or, more
easily, using the included 555 timer circuit. This keeps
the transmitter on between the dots and dashes. The
twin-T oscillator and the timer circuit are keyed at the
same time; only the 555 timer is keyed in SSB. This
timer stage switches all stages into transmit for a
period determined by the adjustable time constants.
in addition, the AGC for the IF amplifier must be
disabled while in the transmit mode by grounding the
AGC control pin 5 on the MC1350, through a 4.7
kilohm resistor.

By James J. Forkin, WA3TFS, 3210 Shadyway
Drive, Pittsburgh, Pennsylvania 15227
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fig. 1. The interconnection diagram. Circuits within the dotted lines are on either the receive board on the left or the transmit
board on the right. If more than one relay is used. wire the coil in parallel with the one shown. Use a protection diode
as shown on each. Use shielded wiring on all audio circuits and 50-ohm coax on the transmit/receive relay wiring. The
new bandpass filter board is identical to the board described in the July, 1983, ham radio receiver article.

construction

The transmit modification is accomplished through
the addition of two PC boards. One consists of the
two-stage amplifier described above. {Component
layout and printed circuit board artwork are detailed
in figs. 4, and 5, respectively.) The other board,
however, is the actual transmit conversion. Shown on
the board, (component layout and printed circuit board
artwork are detailed in figs. 6 and 7),from left to right,
is the 1 kHz sidetone oscillator coupled through a panel
switch to the speech amplifier stage in the CW mode.
Next is the 555 timer stage, which holds the rig in
transmit for a period of time adjusted by the trimmer
pot. To the right of the timer is the transistor, used
to switch the relays used in the various stages of the
receiver. Next in line is the two-stage speech ampilifier;
note that the two stages are coupled by a jumper wire
to simplify the addition of audio companders, proc-
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essors, or other components later. The balanced mod-
ulator is next. Be careful to wind the toroid core exact-
ly as shown, keeping all leads as short as possible. It
is this stage that determines the ultimate level/amount
of carrier suppression the transceiver wiil offer. The
double-balanced mixer completes the board.

switching

It is important to switch the crystal filter and IF
amplifier stage when going from receive to transmit.
A single-pole, double-throw miniature relay mounted
close to the input and output of this stage does this.
Use shielded wire to and from the transmit board.
{RG-174 miniature coax works well.) The front end
filters must also be modified by adding two relays or
alternatively, replaced with new filters exactly like
those used for receive for the transmitter, thus
eliminating the need for relay switching here. The only
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fig. 2. The schematic diagram of the transmitter board.

disadvantage to the latter approach is the need to
allow for weight and additional space; despite these
disadvantages, replacing the filters rather than adding
relays does simplify the modification. Use coax for the
filters — keep the RF where it belongs! And don’t
forget that to pull the AGC voltage below 5 volts for
maximum gain, you'll have to use another relay or add
an extra set of contacts to one of the other relays to
ground pin 5 of the IF amplifier through a 4.7 kilohm
resistor. Should you choose to use diode switching
instead of relays, you may wish to consult several ar-
ticles that have been published on the subject for help
with the design. '

For simplicity’s sake, you may decide, as | did, to
use relays. Several types of 5- and 12-volt DC relays
are available on the surplus market. Use 12-volt relays
if you can find them at a reasonable price, or wire three
5-volt relays in series; they'll key reliably on 12 volts.
Mount your relays to the board with double-sided
foam tape or glue. Place a diode across each relay coil
to prevent voltage spikes.

initial adjustments

After completing the modification, make sure that
the receiver still works. Realign it and check the BFO
frequencies. When you're convinced that the receiver
is working as well as it did before the modification,
connect a dummy load to the antenna terminal and
key the transmitter in the CW position. Check that all

28 TURNS NO.30 ENAMEL
WIRE ON HIGH VALUE
172 WATT RESISTOR

Tt 12 BIFILAR TURNS Lt
NO. 28 ENAMEL WIRE
ON FT50-37 TOROID
CORE

T2, T3 5 BIFILAR TURNS
NO. 28 ENAMEL WIRE
ON TWQ HOLE BALUN
CORES NO. WTB6ISIS

Except 8s indicated, decimal

values of capacitance are in micro-

farads (:.F); others are in picofar-

ads (pF); resistances are In ohms.

k= 1,000 M = 1000000

fig. 3. The schematic diagram for the final amplifier
board. The driver section is similar to the VFO buffer in
the receiver and the final stage is patterned after the

original design.

relays switch as they should and adjust the 555 for a
hold-in time of about 1 second. Check that the AGC
voltage at pin 5 of the MC1350 is in fact dropping
below 5 volts on transmit. Put the rig into SSB and
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VHF COMMUNICATIONS

NOW FEATURING STATE-OF-THE-ART
~ MOSFET REPEATER AMPLIFIERS

All above amplifiers designed
for 13.8 VDC operation.

SEE US ALSO FOR
YOUR MOBILE AMPLIFIER NEEDS

915 N. Main Si., Jamestuwn New ank 14701

4111:

2 METER Power Amplifier
2W in—30W out
20W in—100W out

4112: 220 MHz Power Amplifier

2W in—25W out
25W in—100W out

4114: 2 METER Power Amplifier
2W input—100W OUTPUT

ALCON

C OMMUNICATIONS

‘ ALSO FEATURING: ICOM, AEA, LARSEN, VAN GORDEN, VIBROPLEX, NYE-VIKING, LEADING EDGE, ARRL PUBLICATIONS,
KAGLO, HAMTRONICS, PROWRITER, ELEPHANT DISKS, DEBCO, TH!ONYX

(716) 664-6345

r

DESIGN EVOLUTION IN RF P.A.’s

Now with
GaAs FET
> Preamp
. \ .3 Q
o g/ &/
- q (8] & A
— & & & a ’q R
§/8/8/8 /85
® Linear (all mode) RF power amp with RS & > E R
automatic T/R switching (adjustable
delay) (MHz) (W) w s
® Receive preamp option, featuring 144 | 160 | 10 | 222
GaAs FETS (lowest noise figure, bet- 58
ter IMD). Device NF typically .5 dB. 144 | 160 30 239
e Thermal shutdown protection incor- 220 | 130 16 :;J:
porated
20 199
@ Remote control available 2 20 | 130 30 | 239
® Rugged components and construc- :::Ew 440 | 100 10 Ej;':
tion provide for superior product — - 'I =
quality and performance 2415 | 4490 | 100 30 aah

e Affordably priced offering the best
performance per dollar

® Designedto ICAS ratings, meets FCC
part 97 regulations

® 1 year transistors warranty

1. Models with G suffix have GaAs FET pre-
amps. Non-G suffix units have no preamp

2. Covers ftull amateur band. Specity 10 MHz
Bandwidth for 420-450 MHz Amplitier

SEND FOR FURTHER INFORMATION
® Add $5 for shipping and handling wSENE ' THE S;'STEMS x
(Cont. U.S). Calif. residents add ap- P.O. Box 25545
plicable sales tax TE Loe Anoqxeles CA 90025
e Specifications/price subject to change 8YSTEMS (213) 4'?8—05;9!
o v
» 220
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Model T-60H ® GUYED (STACK-UP)
* TILT-OVER MODELS

Crank-ups to 100 ft.

EXCELLENT FOR
AMATEUR COMMUNICATIONS

Cver 36 types aluminum |

and steel towers made

specials designed and
write for details |

B s
" SPECIAL

Four Section 50 Ft

| made

Aluma Tower

TOWERS |

by ALUMA
ﬂ
HIGHEST QUALITY a0 awm
B0 FL Alum ALUM'NUM m:;::lT L1”?1I:II
CrankUp . ® TELESCOPING (CRANK UP

Easy to install. Low Prices.

Van Mounted Crank-Up,

i ALUMA TOWER co.
BOX 2806HR

'. VERO BEACH, FLA. 32960-2806
(305) 567-3423 TELEX 80-3405
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+2Vv ON

TRANSMIT
(@) @] @
0.001
o .
4 1= L i
47 o I#l 0.1 ,T\.U !

9 o {
3
W % e 2N3866 To" 1%
INPUT 9! T T3 —
50 OHMS .@ T ? T
B 470 :OO;;P ouTeuT
U, 200 _{E_, 0.1 ¢FB 50 OHMS
e BIAS SET 190 LR
ol —ANN— 0.
_ﬁ}__
&) @)
NOTES

KEEP ALL LEADS AS SHORT AS POSSIBLE
ALL COMPONENTS MOUNT ON FOIL SIDE OF BOARD

BOARD ABOVE HEATSINK WITH WASHERS S0 THERE IS
NO STRAIN ON TRANSISTOR.
USE 50 OHM COAX FOR INPUT/OUTPUT

TRANSISTOR
CAPACITOR

5

+— 7]

RESISTOR

—ID—

3/18" {Smm) 1 Fe
' —

0.

fig. 4. The parts layout for the RF amplifier board. Positive 12 v

MOUNT 2NSS90 FIRST TO HEATSINK AND THEN SPACE

+I12V ON
TRANSMIT

Except as indicated, decimal
values of capacitance are in micro
tarads (4 Fk others are in picofar
ads [pF); resistances are in ohms
k= 1,000 M = 1,000,000

P

| ELECTROLYTIC
¥| CAPACITOR
’

olts is applied only on transmit. Set bias adjustment for

ADJUST HBIAS FOR 75-80mA WITH NO SIGNAL ON 2NS590.

an idle current in the final stage of 75 to 80 mA with no drive applied to the board.

adjust the output stage for a resting current of 80 mA.
With the rig in SSB there will be no drive to the final
stage. Put the switch back in CW. When keying, ad-
just the trim pot in the oscillator stage for sidetone

level. Increase the drive level with the other trim pot
until no increases in output level from the transmitter
are noted. Back off the adjustment slightly. CW tune-
up is completed. B

fig. 5. The foil side layout for the RF amplifier board. All parts on this board are mounted on the foil side .
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the complete and accurate U.S. listing
usual up-to-date Callbook charts and table
Canada and Mexico. I

THE BEST JUST GOT BETTER!

Of course, Canada and Mexico are also inclut

possible. But that's just what you'd ex;
the people who invented Callbooks.

Want to keep your 1985 Callbooks-.;
throughout the year? Optional su
are published March 1, Jun
September 1; each contain
the preceding 3 month:
new licenses, call chanc
changes are included i

433,000 current U.S. Listings ® 413,000 current Foreign:_l;.is!:;'
Then & Now call changes ® Silent Keys * Census of Amateur
Standard Time Charts ® International Postal Informat

Publication: December 1, 1984 Including shipment  Illinois residents, Including shipment
to U.S.A. points  incl. tax & shipping to foreign countries

[JSingle 1985 U.S. Callbook $25.00 $26.35 $26.50
[J Single 1985 Foreign Callbook 24.00 25.30 25.50

[JSPECIAL OFFER: Order both 1985 Callbooks
at the same time for shipment to one address. 45.00 47.50 49.50

[]set of 3, U.S. Supplements for 1985 15.00 15.95 15.00
[ set of 3, Foreign Supplements for 1985 15.00 15.95 15.00

Name Amount enclosed

Address

“eallbook

925 Sherwood Dr., Box 247,
Lake Bluff, IL 60044, USA Tel: (312) 234-6600
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1.8k \
\ :m 1 4 9!
L #
znsasa (OuF A( o.0) T\ r'T" L
LSS = \ o0 e | |
\  RF ourt \ \\ & .
b APPROX gy Excep! as indicated, decimal \__ SIDETONE
I MW values of capacitance are in micro KEY SIDE TONE
ALL DIODES IN914 OR IN4148 tarads {«Fi: others are in picofar ““our TO
ads (pFL resistances are in ohms PIN 2
b= 1,000 M = 1,000.000 P ey
t t t t t
TRANSMIT BALANCED SPEECH SEM! SIDE TONE
MIXEFR MODULATOR AMP| IFIER BREAK-IN

fig. 6. The parts layout for the transmit board. (Note: On this board components are not mounted on the foil side.) Use
shielded wire for all audio connections, and 50-ohm coax for all RF wiring.

fig. 7. The foil side layout for the transmitter board.

Next attach a microphone to the input. (A CB
replacement microphone will be sufficient.) If the
CW/SSB switch has been wired correctly, the
microphone will be connected to the input of the
speech amplifier and the twin T oscillator will be
disconnected. When you press the PTT and whistle
into the microphone, the RF output should increase
The level should be about the same as when transmit
ting CW, but may vary because of different output
levels of vanous microphone elements.

Disconnect the microphone and while still in S5B,

key the transmitter with a jumper wire. While check-
ing the output with a meter, or better still, an
oscilloscope, adjust the trim pot in the balanced mix
er for minimum output and, consequently, maximum
carrier suppression. If you can’t see any change in the
meter reading as you make this adjustment, you'll
know you've either wound the coil in the balanced
modulator incorrectly or caused some stage to oscillate
because of poor wiring layout or failure to ground
something. Check your construction step by step. You
should see a definite null in output power. If everything
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c n appears to be in order, go back and readjust everything
until no further change occurs. Your new transceiver
is now ready to be connected to the antenna.

MAGAZINE st
This complete transceiver will operate reliably and

efficiently as long as care is taken to attach a matched
The monthly .magazine with a natural blending of two ?ygg?;::dﬁi;:gw;ps: fs;?gst\:v;”a:gciei:?;::?
popular hobbies — Ham Radio and Computers na, but output power will be low. The rig should run
* Articles an Ham Radio & Mosi Personal Computers about 8 to 10 watts out into a matched antenna. | have
* Hardware & Software Reviews worked all states on 20-meter sideband and find | re-

* Various Computer Languages quire no more power from the home station.

A kit is available from the author to make the modi-
fication described in this article. For details, please
send an SASE to me at the address shown at the be-
ginning of this article.

FREE Classified Ads for subscribers, non- ham radio

subscribers - 10¢ a word/number (used

equipment only)
Your Ham Tube
Headquarters :
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- ICOM 1G-

The Best Just Got

FDICOM] COMMURICATIONS & SCELY

3 AW

m:ﬁw irm‘cu‘ll ucozu‘ the IC-R{‘IA 400KHz to

superlor-gr genera cownago
receiver with Inn-’;:vaﬂvo features including
keyboard I‘ruquonc“ entry and wireless
remote conirol (optional).

This easy-lo-use and versatile receiver
is Ideal for anyone wanting fo listen in fo
worldwide communciations. Demanding
no previous shortwave receiver experience,
the IC-R71A will accommodate an SWL
(shoriwave listener), Ham (amateur radio
operator), maritime operator or
commercial operator.

With 32 programmable memory
channels, SSB/AM/RTTY/CW/FM (optional),
dual VFO's, scanning, selectable AGC and
noise blanker, the IC-R71A’s versatlility is
unmatched by any other commercial
grade unif in its price range.

Superior Recelver Performance.
Utilizing ICOM's DFM (Direct Feed Mixer),
the IC-R71A Is virtually
immune to interference
from strong adjacent
signals, and has a
100dB dynamic

IC-RC11
rfrared
Remate

NORTHEH PACIFLIC DO KA

Passband tuning, a deep IF notch filter,
adjustable AGC (Automnatic Gain Control)
and noise blanker provide easy-to-adjust
clear reception, even in the presence of
strong interference or high noise levels. A
preamplifier allows improved reception of
weak signals.

SPEECH
5 1w

M=VFO

A=B

Keyboard Entry. ICOM introduces a
unique feature to shortwave receivers...
direct keyboard entry for simplified opera-
tion. Precise frequencies can be selected by

pushing the digit keys in sequence of fre-
quency. The frequency will be automatically
entered without changing the main tuning
control. Memory channels may be called up
by pressing the VFO/M (memory) switch, then
ke\,gng in the memory channel numberfrom 1
to 32

VFO's/Memorles. A quartz-locked rock
solid synthesized tuning systerm provides
superb stability. Three tuning rates are pro-
vided: 10Hz / 50Hz / 1KHz

32 Tunable Memories. Thirty-two
tunable memories, more than any other
general coverage receiver on the market,
offer instant recall of your faverite frequency.
Each memory stores frequency, VFO and
operating mode, and is backed by an infernal
lithium memory backup battery fo maintain
the memories for up to five years.

Options. FM, synthesized voice
frequency readout (activated by SPEECH
button), RC11 wireless remote controller, IC-
CK70 DC adapter for 12 volt operation,
MB12 mobile mounting bracket. two CW
filters FL32 — 500Hz, and FL63 — 250Hz, and
high-grade 455KHz crystal filter FLA4A

ICOM
The World System

1COM America, Inc, 2112-116th Ave NE, Bellevue, WA 98004 (206)454-8155 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234 (214)620-2780
All srated specificotions are approximate and subject to change without notice or obligation. All ICOM rodios significantly exceed FCC regulations limifing spurous emissions. R71A204



The RF Wattmeter Model 81000-A from Coaxial Dynamics, Inc.
rloes more than provide accurate rf measurements. Testing of
transmission lines, antennas, connectors, filters and related
components can reveal unknown problems and assure

optimum ﬂumpuhmm

meﬂﬂ Wattkit features this easy-to-read RF —

Wattmeter (pictured here), with its optional carrying case s P
array of elements RS

The Problem Solver.

DYNAMICS, INC.

15210 Industrial Parkway, Cleveland, OH 44135 » (216) 267-2233
Outside Ohio, WATS: (800) Coaxial, Telex: 880-630
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| INFORMATION
Shipping & Handling Add $5.00
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| Converters & Power Supplies
' Phillips-Tech
Electronics
P.0. Box 34772

l Phoenix, AZ 85067

(602) 867-6872
- o]

Special Quantity Pricing
Dealers Wanted
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receiving signals from space

How to locate
geostationary satellites
from your QTH

With the price of TV-Receive Only (TVRO) ter-
minals on its way down and the availability of chan-
nels expanding, interest in geostationary satellites is
increasing. This article describes how to locate these
satellites from any given latitude and longitude in terms
of azimuth, elevation, and range.

Two programs are included — one in BASIC for the
TRS-80™ (level Il or similar) and the other for the
Hewlett-Packard 67 or equivalent. While the mathe-
matics are the same for each program, some minor
changes have been made to accommodate the specific
programming language used and the functions avail-
able on each machine. For example, (cos/sin) is sub-
stituted for (cot) because of the absence of the
cotangent function on the HP-67 and in TRS-80 Level
Il BASIC.

celestial mechanics

For a satellite to always appear stationary above a
particular point on earth, it must have the same period
as the Earth — that is, 23 hours, 56 minutes, 4.09
seconds or 86164.09 seconds. In order to have a period
that matches that of the earth, the geostationary sat-
tellite must be a specific height above earth. This
measurement can be found by using the Newtonian
law stating that the square of the velocity of an ob-
ject (satellite in this case) is equal to the universal
gravitational constant times the mass attracting the

object (the Earth), divided by the distance of the ob-
ject from the center of the mass (Earth).
_ OMg

V2 D 1

where V = velocity of satellite
G = universal gravitational constant
6.673 x 10- 11 New:cons-me'ter2
kilogram2
Mg = Mass of Earth = 5.975 x 1024 kg
D = distance from center of earth to
satellite

= (R + H} = radius of earth + height
of satellite above earth

G and Mg are constants and can be combined:

G' = GMg = 3.987 x 104 meters3/sec?
= 3.987 x 105 km3/sec? (2)
which results in
_ G _ G’
Vi=RTH™ D (3)
or VSAT = D— (4)

The period of one complete revolution of the satellite
is equal to the distance it travels in orbit divided by
its velocity or:

Psat = D _ 20D _ 2n V' D3/G" (5)

Vsar \/_SA" -

But this is equal to 86,164 seconds (approximately 24
hours) for it to be a geostationary satellite as explained
above.

By Dennis Mitchell, KBUR, 1 Cider Mill Lane,
Upton, Massachusetts 01568
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AZIMUTH

08

£ 290° - ELEVATION

08S < 0BSERVER

SAT« SATELLITE

SSPr SU8 SATELLITE POINT

29 s (LONGITUDE OF SATELLITE) - (LONGITUDE OF OBSERVER)
LAT = LATITUDE OF Q8SERVER

fig. 1. Angles involved in calculating satellite’s azimuth, elevation and range.

OBSERVER

SsP
-—

By Napiers Rule:

sin (90 - AZ) = tan (90 - 6) tan (iat)
cos (AZ) = ~cot (6) tan (lat)

AZ = cos-1[-cot (6) tan (lat)]

fig. 2. Napier's rule illustrates the relationship between
the satellite and the observer.
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Rearranging terms and solving for D:

3P 2
<_Sﬁl> G’

3 (6)

D =

42,168 km
H (height of satellite above earth)

1

42,168 — 6378
35,790 km
22,239 miles

il

G' _ 398,700

D = m 3.075 km/sec

and VSAT =

3075 meters/sec.

finding azimuth,
elevation, and range

Fig. 1 shows the angles involved in finding the
azimuth, elevation, and range of the satellite.

Fig. 2, an exploded view of a section of the Earth,
shows how the locations of the Earth’s center, an
observer, the Equator, and latitude are related. The
difference in longitude and the sub-satellite point are
also shown.

By viewing figs. 1 and 2 and using Napier’s rule with



table 1. List of the current C-band (3.7-4.2 GHz) geosyn- table 2. Sample calculation of geosynchronous satellite
chronous satellites and their longitude. azimuth, elevation, and range for an observer in Upton,
Massachusetts,

satellite name degrees west

AURORA 1 143 satellite longitude azimuth elevation range
ANIK B 109 {km)
ANIK C2 105 AURORA | 143 257 5 41128
ANIK D 104.5 ANIK B 109 228 28 38763
ANIK I 114 ANIK C2 105 224 30 38655
COMSTAR | 128 ANIK D 104.5 223 30 38530
COMSTAR i 95 ANIK il 114 233 25 39049
COMSTAR |l 87 COMSTAR | 128 245 15 39979
COMSTAR IV 127 COMSTAR Il 95 212 35 38125
GALAXY | 128 COMSTAR Il 87 202 38 37883
GALAXY 1l 74 COMSTAR (V 127 244 16 39907
SATCOM I-R 139 GALAXY | 128 245 15 39979
SATCOM II-R 72 GALAXY I 74 183 41 37700
SATCOM HI-R 131 SATCOM I-R 139 254 7 40811
SATCOM I 119 SATCOM II-R 72 180 M 37695
SATCOM IV 83 SATCOM II-R 131 248 13 40199
SBS | 100 SATCOM IV 83 196 39 37799
SBS il 97 SBS | 100 218 33 38324
SBS 1l 95 SBS 1l 97 215 34 38201
TELSTAR 301 96 SBS 1l 95 212 35 38125
USAT | 85 TELSTAR 301 96 213 35 38162
WESTAR | 99 USAT | 85 199 39 37838
WESTAR Il 79 WESTAR I 79 190 40 37739
WESTAR [l 91 WESTAR Il 91 207 37 37993
WESTAR IV 99 WESTAR IV 99 217 33 38281
WESTAR V 123 WESTAR V 123 291 19 39627

10 CLEAR 100

20 REM

30 REM¥** THIS PROGRAM W1Ll. COMPUTE THE AZIMUTH, ELEVATION ***

40 REM®#*  AND RANGE TO GEOSTATIONARY SATELLITES FOR TVRQ  *»¥

50 REM##m#ssexs BY [.C.MITCHELL-KBUR/1 1/1/8] #wsssbakasomnsdons

52 REM#®#xssike UPDATED SATELLITE LIST 6/27/84 ##stkmskackinsiik

55 REMs##®kwtx 1 CIDER MILL LN, UPTON,MA.01568 *#xédnsimbiorsds

A0 REM!

0 CLS

801 PRINTCHRS(23): PRINT"FNTER YOUR LATITUDE™ (‘OQUB 100:LA=DD

9 CLS: F'R(NT"'HRS(Z]) PRINT FNTFR YOUR ION( 1T R 100:L0<DD:GOTO |50

1060 PRINTO260," DF('REFQ ————— " :PRINT@324 , "MINUTF: :PRINT@188," 9FCONUS———~~
' 1 INPUTMM: PRINT@J8R , "SECONDS - ———— "o INPUTSS

110 PRINT@286,""; : INPUTDD: PRINT@324, “MINUTES-——~

120 PI=3.14159

130 LAS=STRS(DD)+STRE(MM)+STRE(SS ) : DD=(MM*60+S5 )/ I600+DD: RETURN

ta0 REM

150 INPUT”ENTER YOUR CLTY";C$:INPUTENTER YOUR STATE":T$:C$=C$+" "+T3
160 CLS

170 LA=PT*A/180:1.0=PT*L.0/180

180 PRINT" SATELLITE ®*** AZIMUTH / ELEVATION / RANGE **¥ LOCATOR"
190 PRINT" FOR  "CS:PRINT™
200 PRINT"SATELLTTE LONG AZTMUTY
210 PRINTSTRINGS(60,"*")

220 READ S$.5

230 IF S$«"END" THEN END

240) S=5*P1/180

2501 DEFFN AC=-ATN(X/SQR{-X*X+1))+1. 5708
260 X=(COS(LA)*COS(S~L0)) : TH=FNAC

270 X=(-TAN(LA)*COS(TH)/SIN(TH)):AZaFNAC
240 IF SIN(5-10)>0 THEN AZ=b,28-A2

290 FLeATN((COS(TI)-. 151046)/SIN(TH))

300 RA=SQR((1,81856FY-(5. 371 LIFB*COS(TH))))
10 A7=AZ*180/P1:EL=EL¥ 180/PT :8=5*180/P|
320 DATA"AURORA 1",143,"ANIK B",109,"ANIK C2", 105, "ANIK D", 104.5
321 DATA"ANIK 111",114,"COMSTAR 1" L128," 'COMSTAR 11™,95, "COMSTAR 111,87
322 DATA" (()MsTAR e, 127, (A[AXYI 2128, "GALAXY T17,74,"SATCOM T-R™ 39

ELEVATION RANGFE. {KM)"

ATA"
20 A/rFlX(A?) H-HX(F[) kA= FIX(RA)

330 PRINTSS ; TAB(13)S;TAR(24)A7 ; TAB(39)FL.: TAB(53)RA
140 GOTO 220

fig. 3. BASIC language program listing used to determine
geosynchronous satellite azimuth, elevation angle, and range
from your QTH.

spherical trigonometry and some trigonometric iden-
tities, the equations for azimuth, elevation, and range
are:

8 = cos—I[cos (lat)- cos(A long)] {7)
Az = cos—! [—tan(lat) cos (8)/sin (8)] (8)

If sin (Along) >0 then Az = 360 - Az

and the
elevation angle = tan-1[cos(8) ~ 0.151)/sin(8)] (9)

where: R/(R + H) = 6378/42168 = 0.151
and:
Range = V(R + H2 + R2 — 2-(R + H) R cos 8

program hints

in the HP-67 program, the observer’s latitude and
longitude are replaced in decimal form. (Latitude is
replaced in lines 3 through 7; longitude in lines 9
through 13.) Don’t forget to use your own numbers
— not mine — in these steps. The only other entry
is the satellite longitude taken from table 1; after en-
try, hit key (A). Qutputs are elevation, azimuth, and
range in that order.

The BASIC program, which should need no explan-
ation, prompts the user for all inputs. As shown in
table 2, outputs provide satellite name, azimuth,
elevation, and range in kilometers.

Locating the geostationary satellite you're looking
for among the many orbiting the Earth in the
crowded ‘‘satellite belt” is getting more difficult, but
with a computer program such as this and some good
microwave gear, they can be found. —WN—»
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Join AMSAT...Today

Amateur Radio Satellite OSCAR 10
provides:

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

e 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:

ORBIT Magazine 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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SYEP KEY ENTRY KeY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oot £LEL & |31 25 12 <>y ] 3552
10 2 a1 21 = 534
Ji J,;‘z USERS OWN = Z% % J;*J"g lL
. Py LATITUDE £ 1z 1) 31 25 0.
P] 04 1 0
g g
$T0 0 33 00 | raTrruoe 8 0
7 o7 ' ol
010 4 1 USERS OWN LN 08
N 83 EEX. 43
2 02 LONCITUDE 9 09
2 22 ENTER 41
ST0 1 33 01 | LONGITUDE 070 05}
RCL A 34 11 3 03
RCL 1 3¢ 01 7 07
- 51 83
510 B 33 12 | A LONGITUDE 1 0l
£ Cos 31 63 4 04,
RCL 4 34 00 24 ol
£ Cos 31 63 EEX 43
X 71 I3 06
2 cos T 3261 RCL 2 34 02
3 ) &2 £ _cos 2 63
£ cos 31 63 x g
RCL 0 34 00 =
£_TAN 31 64 [l 31 5¢
CHS B/S 84 | RANGE
X 71
035 RCL 2
£ SIN
: 8
g _C0OS~ 32 6
30T 33 13 | AzImuTH 00 —_
x>0 31 8
GTo 0 22 0
£IBL B |31 25 12
~BCL 2 24 02
£ Cos 12 53
[0 . 03
1 [N
™= 05
52
RCL 2 34 02 o
£ SIN 31 62
TAN"T 2
570 D 3 ELEVATION
f-x- 1
030 RCL C 4
- x~ 1 84
Gro 1 FE
£1AL 0 |31 2500
2 03 "o
& 06
Q 00

REGISTERS

EeSE=s

D 1
t SAT LONG, & LONG. AZ.TJIUTB ELEVATION I

fig. 4. HP-67 program listing for locating geosynchronous
satellites.
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ORR BOOKS

BEAM ANTENNA HANDBOOK
by Bill Orr, WESA)

Recommended reading. Commonly asked questions fike: What is the best
element sfacmg? Can different yagi antennas be stacked without losing per-
formance? Do monoband beams outperform tribanders? These questions
and more are fully answered. Lots of construction projects, diagrams, and
photos. 198 pages. ©1977. 5th edition.

[DORP-BA Softbound $7.95

SIMPLE LOW-COST WIRE ANTENNAS

by Bill Orr, WGSAI
Learn how to build simple, economical wire antennas. Apartment dwellers
take note! Fool your landlord and your neighbors with some of the ‘‘invis-
|t:1|et antennas found here. Well diagrammed. 192 pages. ©1972. 2nd
edition.

CJRP-WA Softhound $7.95

THE RADIO AMATEUR ANTENNA HANDBOOK
by William 1. Orr, W6SAl and Stuart Cowan, W2LX

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

DRP-AH Softbound $7.95

ALL ABOUT CUBICAL QUAD ANTENNAS

by Bill Orr, W6SAI — New 3rd Edition
Includes NEW data for WARC bands
The cubical quad antenna is considered by many to be the best DX anterna
because of its simple, lightweight design and high performance. You'll find
quad designs for everything from the single element to the multi-element
monster quad. There's a wealth of data on construction, feeding, tuning,
and mounting quad antennas. 112 pages. ©1982.
ORP-CQ Softbound $6.95
Please add $1.50 for one book, $2.50 for two or more books
to cover shipping and handling.

Ham Radio’s Bookstore

Greenville, NH 03048




i AMTOR RTTY |

ARQ1000

HAL is proud to announce the ARQ1000 code converter. This terminal not only supports the AMTOR amateur codes, but
meets ALL of the commercial requirements of CCIR Recommendation 476-2. The ARQ1000 can be used with present and
previous generation HAL RTTY products. In fact, any Baudot or ASCII full duplex terminal at data rates from 45 to 300
baud may be used with the ARQ1000. Some of the outstanding features of the ARQ1000 are:

® Send/receive error-free ARQ, FEC, and SEL-FEC modes * [nterfacing for loop, RS232, or TTL |/O

* Automatic listen mode for ARQ, FEC, and SEL-FEC * “Handshaking” control for printer and keyboard or tape |
* Meets commercial requirements of CCIR 476-2 ¢ Self-contained with 120/240V, 50/60 Hz power supply

* By-pass mode for normal RTTY without changing cables ¢ Cabinet matches style and size of HAL CT2200

* Programmable ARQ access code, SEL-CAL code and WRU * Table or rack mounting

* Programmable codes stored in non-volatile EEPROM * Built-in M1700 modem option available

* Keyboard control of normal send/receive functions * Encryption option available for commercial users

* 30 Front panel indicators and 11 control switches e 312" x 17" x 101/2*

The ARQ1000 is commercial-quality equipment that will give you the outstanding performance you expect from a HAL
product. Write for full details and specifications of the ARQ1000.

BY POPULAR REQUEST

ML Communications Terminal CT2200

By popular request — the new CT2200. Our slogan is “When Our Customers Talk, We Listen” —and we !ave been listening.
The CT2200 includes these often requested features:

* New AMTOR connections for use with ARQ1000 * Expanded HERE IS storage for a total of 88 characters
* Keyboard programming of all 8 “brag-tape” messages * Non-volatile storage of HERE IS, “brag-tape,” and SEL-CAL code
* Programmable selective call code o 3 x 17" x10Y2"

All of the proven CT2100 features are retained. Some of these features are:

* Tuning scope outputs (a MUST for AMTOR) * Built-in demodulator for high tones, low tones, *103", or "202" modem tones ®
36 or 72 character display lines ® 2 pages of 72 character lines or 4 pages of 36 character lines ® Split screen or full screen display
¢ Baudot or ASCII, 45 to 1200 baud * Full or half duplex ®* Morse code send/receive at 5 to 99 wpm ® Send/receive loop
connection ® Automatic transmit/receive control (KOS) ® Audio, RS232C, or Loop /O ® On-screen tuning and status indicators
® Clearly labeled front panel switches, not obscure keyboard key combinations ® Separate convenient lap-size keyboard e
Internal 120/240, 50/60 Hz power supply ® Attractive shielded metal cabinet

In addition, an update kit is available so that all CT2100 owners can update their CT2100’s to include CT2200 features.
The kit even includes a new CT2200 front panel!l Rather than making a proven product obsolete, HAL put even more
behind the buttons. Pick up a CT2200 at your favorite HAL dealer and join the RTTY fun. Write for our full RTTY catalog.

HAL COMMUNICATIONS CORP.
Box 365
K Urbana, IL 61801 (217) 367-7373 TWX 910-245-0784

o
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YOUR VERY BEST
SOURCE FOR

EAICOM

HAM
RADIO
OUTLET

without
doubt!

® 6 STORE BUYING POWER ASSURES TOP VALUES.
® BIG, COMPLETE STOCKS. GET WHAT YOU WANT WHEN YOU WANT IT.
® MORE SAVINGS BY FREE SHIPMENT,, MOST ITEMS THAT CAN BE SHIPPED

UPS SURFACE (Continental U.S.A.)

® TOLL-FREE PHONE (Except California and Arizona).

PRICE REDUCTION
: IC-730

MOBILE
TRANSCEIVER

SMALL! only 3.7" high, 9.5" wide and 10" deep.
Provides 10 to B0 meter coverage.

BIG VALUE! CHECK IT OUT!

THE IDEAL

PAIR FOR
OSCAR

IC-271A* IC-47T1A*
2M « 25 WATTS » ALL MODE  430-450MHz * ALL MODE
RETAIL PRICE $699.00  RETAIL PRICE $799.00

*100W MODEL AVAILABLE
CALL FOR YOUR SPECIAL PRICE

JSALED

CALL NOW FOR
YOUR LOW
SALE PRICE

IC-751, ICOM's brilliant transceiver, sels a new
high standard of comparison with high-tech ad-
vancements and the superior quality essential

IC-7

* 9 ham bands * General coverage receiver

* 16 memories ® Scanning * Pass-band tuning
* Variable NB and AGC e Eight accessories
and options are also available.

for compelitive-grade performance.
NEW! IC-27A
SUPER-COMPACT

- 2 METER MOBILE

An important breakthrough in compact mobile equipment.
Only 1%2 x 5%" but full-featured including internal speaker.
25W of power, 10 full-function tunable memories, memory
and band scan, priority scan. Includes mic. w/16 button
Touchtone.

ALSO *IC-27H HIGH POWER VERSION
AND  IC-37A, 220MHz
IC- 47A, 70CM SAVE!

R-71A
GENERAL
COVERAGE
RECEIVER

CHECK
DOWN-TO-EARTH
PRICES.

Superior grade receiver
w/100kHz to 30MHz general
coverage and features

that include keyboard
frequency entry.
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HAND HELD

PLUS COMPLETE
LINE OF
ACCESSORIES

IC-02AT
/  IC-04AT

LOwW
PRICES!

CALL!

FREE SHIPMENT, ALL OF THE
ABOVE ITEMS, UPS (Surface).

1.2 GHz EQUIPMENT

IC-120
UHF FM MOBILE TRANSCEIVER

IC-RP1210
UHF FM REPEATER

CALL FOR INFORMATION.
LOW PRICES!

Store addresses/Phone numbers
are given on opposite page.

Tell ‘em you saw it in HAM RADIO!



6 STORE BUYING

( NEW! ) HERE'S WHERE
o YOU GET THOSE

TH-41AT LOW, LOW PRICES ON

KENWOOD

PLUS FREE SHIPMENT

MOST ITEMS UPS SURFACE (Continental U.S.A)
CALL NOW OR
DROP INTO ANY OF
OUR SIX LOCATIONS

TM-211A/ TM-411A

POWER

(éSTABLISHE.
“FAVORITES

Ead did

TW-4000A

ICOM

R-71A
GENERAL B-3016 SALE $199.95
COVERAGE B-1016 SALE $249.95
B-108 SALE §159.95
REGEIVER B-23A SALE § 89.95
D-1010 SALE $289.95
g IC-751

\g/
v

YAESU

FT-726R m

TOP CHOICE FOR OSCAR

rEe BIRD FT-757GX
SALE! MODEL 43
AND DON'T MISS
ELEMENTS THESE
IC-02AT iiw BARGAINS!
IC-745 IC-04AT CREL]
SUPER SAVINGS! CALL! CALL FOR PRICES FT-203R ' FT-209RH
TRISTAO sALE KLM SALE ALLIANCE W-51
MAdn SaLF 80e8 KT-34A SALE $329 s 4829
40", 2 SECT TUBULAR TOWER ¥ HD-73 : U-110 W-36
| KT-34XA SALE $469 r .\
¥{ WA-560 SALE $809 40M-2 SALE $309 d 4‘ $549
| 55'3 SECT TUBULAR TOWER e BB oW SRICES n SA LE LM-354
AR IN STOCK BO THRU 1%M KLM ANTENNAS $99.95 $54.95 IN STOCK s1509

~ FREE SHIPMENT

UPS SURFACE (Continental U.S.) (MOST ITEMS)

TOLL-FREE PHONE

INCLUDING ALASKA AND HAWAII

800-854-6046

(Cah! ang Anzona cuslomers please phone or visit isted siores)

PHONE HOURS: 9:30 AM to 5:30 PM PACIFIC TIME.

BOB FERRERO, WERJ
Prasident

JIM RAFFERTY, N6RJ
VP, So.Caiif Div. Anaheim

Managers:
GEORGE,WB6DSV, Burlingame

OAKLAND, CA 94609
2811 Telegraph Ave.,
(415) 451-5757,
Hwy 24 Downtown. Left 27th off-ramp

PHOENIX, AZ 85015
1702 W. Camelback Rd.,
(602) 242-3515,
East of Highway 17

ANAHEIM, CA 92801
2620 W. La Palma,
(714) 761-3033, (213) 860-2040,
Between Disneyland & Knotts Berry Farm

BURLINGAME, CA 94010
999 Howard Ave.,

(415) 342-5757,
5 miles south on 101 from S.F. Airport.

—

STORE HOURS: 10 AM to 5:30 PM Mon. through Sat.

Hwy 163 & Clairemont Mesa Bivd

™~

HAM
RADIO
OUTLET

SAN DIEGO, CA 92123
5375 Kearny Villa Rd.,
(619) 560-4900,

VAN NUYS, CA 91401
6265 Sepulveda Bivd.,
(B18) 988-2212,

San Dego Fwy al Victory Bivd

ML

Prces. specihcations, descnphons subpect lo change without nobce Cahl and Anzona residents please add sales tax

More Details? CHECK —OFF Page 158 w167
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WHAT THE COMPETITION CALLS
“NO LOST WORDS OR SYLLABLES”
WE CALL NOISE

NOISE NOISE

THE COMPETITION: “HI HONEY Y555 M FIXING YOUR (s0rs1) VORITE SUPPE(S R

BARBECUE HAMB({Ok5) GERS. THEY WI(HSRS

IT IN TIMEZX955)”

) BE READY AT 6:(3o5s) WILL YOU MA(S0RE

Samples (heard as bursts of noise) displace your phone party's audio for as long as it takes your transceiver to T/R.
The above example assumes a transceiver T/R time of about 150 mS (typical)

PRIVATE PATCH lI: “ HI HONEY | AM FIXING YOUR FAVORITE SUPPER. ..BARBECUE
HAMBURGERS. THEY WILL BE READY AT 6:30. WILL YOU MAKE IT IN TIME?”

Thousands of PRIVATE PATCH Il owners are enjoying the commercial communications quality that only a VOX

based, simplex autopatch can deliver.

PRIVATE PATCH Il IS PRICED AT LESS THAN HALF OF OUR
COMPETITORS “FAVORITE COMMERCIAL SIMPLEX VOX PATCH”

SAMPLING VS. PRIVATE PATCH I

The performance of a sampling patch is totally dependent on
the T/R speed of your radio. Such is not the case with PRIVATE
PATCH II. PRIVATE PATCH Il will give excellent results with
any radio. Synthesized and relay switched types included.

PRIVATE PATCH Il requires only three connections to your
radio (MIC, PTT and SPKR audio). If these connections are
made inside your radio PRIVATE PATCH Il does not interfere
with the normal use of your radio. Otherwise for a quick and
easy interface you may plug PRIVATE PATCH Il Into the MIC
and SPKR jacks. A 10 minute job! Unlike sampling patches,
connections are not required to the squelch, discriminator or
power. And best of all, modifications are never required.

Controlling and talking through PRIVATE PATCH Il is almost
always quicker and easier than using a sampling patch. This
is because you may talk or send control commands the instant
you press the PTT button. The ability to break in or take con-
trol is assured by interrupt control logic. The interrupt con-
troller creates a window (similar to sampling) but is seldom
heard in normal quick back and forth communication. With
a sampling patch you press the MIC button for one to five
seconds before talking on each and every transmission. This
is very frustrating for the mobile, and causes confusion for
each party.

The sampling process reduces the effective range of your base
radio. This is because if a sample, and a signal fade coincide,
the sampling patch thinks the mobile is not transmitting. This
causes a sampling patch to become erratic at ranges still very
useable by PRIVATE PATCH II. PRIVATE PATCH II will not

diminish the range of your system.

PRIVATE PATCH Il has two more range extending tricks not
available to a noise sampled autopatch.

1. You may use a linear amplifier with no loss of performance
2. You can operate through any repeater from your base

station.
=
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Commrcy s,"“‘__________

J

FEATURES

* CW ID (free ID chip) » Selectable tone or pulse dialing * User pro-
grammable toll restrict » Five digit access code * Ringback (reverse
patch) » Busy channel ringback inhibit (will not transmit on top of
someone) ® Three/six minute “time-out” timer is resettable from the
mobile * 115 VAC power supply * Modular phone jack and seven
foot cord. . .and many more.

ALSO
+~ 14 day return privilege — when ordered factory direct.
+ One year warranty — compare to their six months.

CONTACT A LOCAL DEALER TODAY

HENRY RADIO N&G DISTRIBUTING CORP
Los Angeles CA, Anahoim CA Miami FL
Buller MO

JUNS ELECTRONICS
Culver City CA, Reno NV

MIAMI RADIO CENTER CORP
Miami FL

AMATEUR ELECTRONIC SUPPLY
Milwaukos Wi, Wicklifle OH
Orlando Fl, Clearwater FL
Las Vegas NV

COLES COMMUNICATIONS
San Antonio TX

ERICKSON COMMUNICATIONS
Chicago IL

HAM RADIO OUTLET
Anahaim CA, Burlingame CA
Qakland CA, San Diego CA
Van Nuys CA, Phoenix AZ

PACE ENGINEERING
Tucson AZ
THE HAM SHACK
Evansvilia IN
CANADA:
DOLLARD ELECTRONICS
C

Vancouver

MIKES ELECTRONICS
Ft. Lauderdale

CONNECT
SYSTEMS
INCORPORATED

23731 MADISON ST., TORRANCE, CA 90505
PHONE: (213) 373-6803
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more about radials

Antenna experimentation is one
field in which the enthusiast doesn’t
need an advanced degree in electron-
ics and a room full of expensive test
equipment. Sometimes a twenty-five
cent “instrument’’ can provide mean-
ingful results for the investigator.

A case in point: the experiments
of Ralph, W8HXC, and Don, AF88B,
which were designed to determine the
effectiveness of quarter-wave radials
on various 2-meter vertical antennas.
The tests, conducted intermittently
over a period of 5 years, pointed out
some interesting aspects of radials that
help to remove some of the mystery
of VHF antennas.

The original investigation was de-
signed to determine the best way to
decouple the shield of a coaxial feed-
line from the field of the VHF anten-
na. The goal was to make the anten-
na do all the work, and to prevent the
feedine from becoming part of the
antenna. Only by making the feedline
“inert’” to the field of the antenna
could the antenna do its job of laying
down a low-angle signal.

To determine the degree of RF on
the outer surface of the coaxial line,
the simple ““RF-sniffer’” shown in fig.
1 was built. It was used to detect cur-
rent loops on the antenna elements,
the feedline, and supporting mast and
structure. Made out of junk box parts,
the simple device worked well with
transmitter powers as low as 7 watts.

The “‘sniffer” consisted of a 144-

2"
(50.8mm)

|

2"
(50.8mm}

NO.29
ﬁ 10

Excepl as indicated, decimal

values of capacitance sre in micro-

farads (uF); others are In picotar-

sds (pF); resistances are in ohms.
= 1, = 1,000,000

fig. 1. The RF “Sniffer” for 144 MHz is
built on a cut-down ping-pong paddle.
Capacitor is adjusted for greatest lamp
illumination at the test frequency.

MHz resonant circuit with a pilot lamp
indicator, all mounted on a wooden
handle. The capacitor was adjusted for
maximum glow of the lamp (resonance)
when held near the RF source used in
the experiments.

The first experiments conducted
were on a homebrew 1/4-wave
groundplane antenna. It was found
that the outside of the coax line, which
dropped down beneath the ground-
plane antenna, was ‘“‘hot” and ex-
hibited a standing wave of energy
along it that could be detected with the
“sniffer.”” Excellent feedline isolation
was achieved by simply wrapping the
RG-58/U feedline into a two-turn coil
1-1/2 inches in diameter directly below
the antenna. This little RF choke de-
coupled the feedline so that it was
isolated from the antenna.

TECHNIQUES 5. o:eei

The next experiment was with an
extended half-wave vertical antenna.
RF was found on the feedline, and
adding the choke in the feedline
accomplished little. The outside of
the line was still coupled to the an-
tenna. Four quarter-wave radial rods
were added to the antenna immediate-
ly below the matching coil (fig. 2). It
was necessary to readjust the anten-
na for best SWR; however, the feed-
fine isolation was not improved, and
the radials did not seem “’hot"‘with RF
energy.

The last experiment, which was
more meaningful, used a 5/8-wave-
length antenna (48-inch long radiator)
and a two-turn base matching coil
{fig. 3). The feedline was carried down
inside the metal supporting mast and
a set of four quarter-wave radials with
a clamping arrangement that allowed
the radials to be placed anywhere on
the mast was added.

initiaily, the radials were positioned
at the base of the antenna loading coil
and the coil feedpoint was adjusted for
best SWR indication. When a near-
perfect match was achieved, the RF
“sniffer’” was used to examine the
feedline. Unhappily, the feedline and
mast indicated pronounced current
loops over the entire length! The
feedline and support pipe had become
part of the antenna in spite of the
radials, which were supposed to iso-
late the antenna from the feedline. In
addition it was discovered that there
was very little RF in the radials, a
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sure indication they were not doing
their job.

Further experimentation proved that
moving the radials down the mast,
away from the antenna base, changed
the SWR reading and required feed-
point readjustment. By cut-and-try a
combination of feedpoint adjustment
and radial position yielded excelient
SWR, radials “hot”” with RF and no
detectable current loops on either
the feedline or the supporting mast be-
fow the radials. Measurement placed
this optimum radial position 3/8-wave-
length below the base of the antenna.
The radial angle was finally set at
45 degrees to the horizontal for best
SWR.

Further tests with this antenna and
with a car-mounted antenna of the
same general type led to the inter-
esting discovery that 5/8-wavelength
long radials attached at the base of the
5/8-wavelength antenna provided the
same excellent feedline isolation as did
1/4-wavelength radials attached 3/8-
wavelength down the structure. A final
experiment showed that radials could
be attached to the mast at any point
up to 3/8-wavelength beneath the
antenna base provided that the sum of
radial length and distance from the
antenna base totalled 5/8-wavelength.

Don, AF8B, points out that the
5/8-wavelength vertical antenna plus
the 5/8-wavelength long radial system
is the same overall electrical length as
an extended double-Zepp antenna.

The conclusion of the experiments
is that radial length cannot be taken for
granted and, in the case of an ex-
tended antenna, may not be 1/4-
wavelength long. The important di-
mension is the overall length of an-
tenna plus radial. The test to determine
radial length is to use a ‘‘Sniffer” to
make sure the RF remains in the radials
and not on the outside of the coaxial
feedline. (Thanks to Don, AF88, for
supplying data on the W8HXC and
AF8B experiments.)

the Australian
wideband dipole

Reader interest has been aroused
by my description of the so-called
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“Australian dipole’’ wideband antenna
{January, 1983, page 67). It seems that
there is a whole family of wideband
HF antennas and other related prod-
ucts of this type manufactured by
Antenna Engineering Australia PTY.
Ltd., Box 191, Croydon, Victoria 3136,
Australia. Contact lan R.H. Wade,
Sales Manager, for further informa-
tion. The correct name of the anten-
na described in my January column is
Model 632 Travelling Wave Dipole.

TEST
@ RADIALS
(4)

o
'
) (@— METAL SUPPORT PIPE

WITH COAX RUNNING
ALONG SIDE

fig. 2. Test radials were added to ex-
tended 1/2 wave antenna.

+— 5/8 WAVELENGTH
ANTENNA

j%— SUPPORT PIPE

{
e— COAX

MOVEABLE CLAMP WITH FOUR
RADIALS MOUNTED ON IT.

fig. 3. 5/8-wavelength ‘‘gain’’ antenna
was mountéd to support pipe and feed-
line passed down inside the pipe. A set
of 1/4-wave radials with a mounting
clamp was placed on the pipe. Radials
could be moved up and down with
reference to the base of the antenna.

the K4EF ““all-band’’ antenna

Several years ago Ev Brown, K4EF,
described a wire antenna that would
cover all HF Amateur bands between
80 and 10 meters (ham radio, May
1977, page 10). Since then he’s done
a lot of work on his design and has
devised a new configuration that has
several advantages over the old one.
The new antenna covers the 160-meter
band, uses four support points instead
of five, and occupies less space. In
addition, because the elements are
arranged in a V-configuration, it pro-
vides some signal gain on the higher
frequency bands.

A plan view of the new antenna
design is shown in fig. 4. The array
consists of five long wires arranged in
a semicircle. The antenna is fed at
points F-F with a 4-to-1 balun and a
50-ohm transmission line. In actual
use, one of the two elements at the left
of the illustration is used with one of
the three wires at the right. The wires
can be selected from the operating
position with a remote switch. For ex-
ample, if the 353-foot wire is added to
the 313-foot wire, an element 666 feet
long is produced. An odd number of
half waves is required to produce
approximately 200 ohms feedpoint im-
pedance at or near the element center.
The chart of table 1 shows the odd-
halfwave resonances in this combina-
tion. As can be seen, the bandwidth
coverage is enormous {see column 3),
and when you consider that the 666-
foot combination is merely one of six,
the complete configuration provides
wide spectrum coverage with very low
SWR. A simple computer program
could calculate all of the resonances
and bandwidths for all elements. The
results could then be combined to
determine what frequency gaps l(if
any} exist in the complete array
coverage.

As Ev says, . . . it is difficult to
convey to a ham who has never
used an all-band, broadband antenna
just how convenient it is. During con-
tests, changing bands-is accomplished
by flipping the bandswitch. Checking
band conditions is done in an instant.



353°
(107.6m)

450"
(137.2m}

331’
e AL
313’

{95.4m)

<SPACE ENDS OF

THESE LEBS 4 TO 20
FEET (1.2 TO 6.1m)
APART.

FEED WITH 4:1 BALUN
AND 50 OHM COAX.

300'191.44m)

element

fength Amsteur band respnant frequencies
foat 40 30

15 2 10
7180 104 18.¢ 248 280
6950 101 179 210 247 288
886 3650 14.0 214 30.2

fig. 4. Two legs of antenna combfise an
element. For example, the 363-foot leg
plus the 313-foot leg form an element
666-feet long. The chart shows reso-
nance at 3660 kHz, 14.0 MHz, 21.4 MH2,
and 30.2 MHz. Other combinations pro-
vide additional resonant frequencies.
{Top view of antenna shown.)

My FOC friends frequently ask to get
credit for another band and find me
waiting for them. Perhaps the most
important aspect of the idea is that it
encourages the operator to use the
whale spectrum available.”’

the W2TBZ quad-loop
beam antenna

| had not seen Sid, W2TBZ, for over
15 years and our QSOs on the air were
few and far between. “‘Keep in touch,”
| had said, and just recently | heard
from him — with a new antenna idea
that he was using with great success
on 15 and 20 meters.

To stay in touch with his friends, Sid
needed an inexpensive wire beam that
could be easily erected and would pro-
vide a modest amount of gain and a
low angle of radiation. Various anten-
nas were tried, and the final version,
a 2-loop Quad beam is shown in fig.
5. Estimated gain of this bidirectional
array is about 4.5 dB over a dipole.

The antenna consists of two side-
by-side Quad loops, horizontally polar-
ized and driven in phase. The feed
system consists of two equal lengths

of 300-ohm TV line and a 1-to-1 balun.
The feedpoint impedance of a single
loop in this configuration runs about
120 ohms, so parallel-connected loops
provide a terminal impedance close to
60 ohms. This provides a good match

The 40-foot masts support the an-
tenna. The figure-8 radiation pattern is
at right angles to the plane of the
array. The pattern is sharper than that
of a dipole, being about 60 degrees
between the half-power {—3 dB)

to a 50-ohm transmission line system. points. —N—»
table 1. Odd halfwave resonances in 666 feet of wire.
electrical resonant
band length frequency bandwidth
meters halfwaves {MHz) to 2:1 SWR points

80 3 2.179 2142 to 2.216

5 3.657 3.597 to 3.717

7 5.134 5.057 to 5.211

9 6.612 6.512to 6.712

1" 8.089 7.969 10 8.209

13 9.567 9.427 to 9.707

15 11.044 10.879 to 11.184

17 12.522 12.342 to 12.702

20 19 13.999 13.789 to 14.209
21 15.477 15.244 to 15.709

23 16.954 16.999 to 17.208

25 18.432 18.165 to 18.709

27 19.908 19.610 to 20.207

15 29 21.386 21.065 to 21.706
N 22.864 22.521 to 23.206

33 24.341 23.975 to 24.706

35 25.819 25.431 to 26.206

37 27.296 26.886 to 27.705

10 39 28.774 28.342 to 29.205
41 30.251 29.797 to 30.704

Note: The 666-foot element (summarized above) is only one of six slement combinations. Single element
switch will provide eriormous coverage of HF spectrum with low SWR.

INSULATOR (TYP)

WIRE OR NYLON ROPE

Al A2

WIRE OR NYLON ROPE

Bl B2

Ai, B

B N

Ag, B2

]

L «— 40° (12.2m) SUPPORT

OIMENSION "A" EQUAL TO ONE SIDE OF LOOP.

of phasing line = :
fmHz

of lower nylon rope.

*—— 50 OHM COAX

OVERALL LENGTH OF LOOPS = ’LMO—:—G (IN FEET--IN METERS, DIVIDE RESULT BY 3.28)
z

— || BALUN

40' (12.2m) SUPPORT —» L

|

TO SHACK

fig. 5. The W2TBZ loop beam. The phasing lines are made of 300-chm TV line. Length
x velocity factor of 300-ohm line. Balun is supported at center
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PACKET RADIO lets you
share a simplex channel
error-free with up to 20
simultaneous users at
1200 Baud.

AEA introduces the MODEL PKT-1
PACKET CONTROLLER. Through
an arrangement with TAPR (Tuscon
Packet Radio, Inc.), AEA brings you
the proven performance of the
TAPR kit board and software in a
rugged metal package, fully wired
and tested with a full year's war-

ranty and with all the free appli-
cations assistance you can stand.

Using only your existing radio and
RS232 terminal (or computer), you
can join the rapidly expanding
packet radio community. Operate
on VHF, HF or satellite and talk to
more than 1000 existing packet
- users. Store messages addressed
to you automatically and read them
from your printer or monitor later.
Easy to hook-up!! Easy to use!!

Call today for the rest of the story:
206-775-7373!!

Better yet, see your favorite AEA
dealer.

Advanced Electronic Applications
P.O. Box C-2160
Lynnwood, WA 98036

—— e e —— . — —

IAII right, AEA, send me info fast!

|To: AEA, P.O. Box C-2160,
|Lynnwood, WA 98036

I City. State, Zip

|
L-Prmm. Date J
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TUBES, SEMICONDUCTORS, IC’S
DIODES AT SUPER LOW PRICES

IN DEPTH INVENTORY
EIMAC, SYLVANIA, GE, CETRON

OAZ..cireiirrnesnens §2.75
ICXBOOAT ....242.00
3-400Z..................115.00
3-500Z .......cc......... 90.00
4CX250B/7203....... 58.00
. 4CX1000A/B168.....430.00
@ 4PRE0C/8252W ..... 295.00
4X150A/7034........... 45.00
SARM.. ..8.24
5G22......... .....165.00
5R4GB.....................3.85
BAKS........... 2ass .91
BALS ..cooviceririnrnnnn. 3,86
s 6AQS........cconrirrnernnn .77
BEAT i W
s 60DJ8... SRR
QIOBA 2o ivssiia 159
= 6USEC —— Y
BKDB..oivoverrrreernnnn. .85
E 6KVBA 8,92
6L6GC...... .....6.83
6LFE. ernieennn8.85 [P
6LQ6 T T
EMJ6 o899
12AT7 387
12AU7 ... BETTEN <
12AXTA oo 348 [
572B/T160L............49.50 r’_’
u 705A... s 10.00
8114 13,50
= 813.... cerrrrrrd0.00
8298 coevire. 40,00
832A. cerrerinr.38.00
I 833A......... 145.00
866A 9.50
BIZK o oeivirvesiieic 24200
M-2057 : 15.00
5670. .4.40
5684, B
5687 4.00
5751 4.00
5814A..... 3.70
5879... _5.75
5894 .....65.00
6005... 5.25
61468 ...8.75 =
6360... . 6.50
6528A. ... 75.00
Y 6550A...... 7.50
= 6883B................10.00
=z BRI 1225
=Y 7558 7.00 =
=1 7591A....... .6.20
=l  7866......................6.68
b=y 8072 ... 95.00
bl s 8.99
8874 21000
8875 cerriiesin220.00 g
BB77/3CX1500A7...475.00
8908, 1295 N
8950 . 11.50
MRF-453..... verenns 19,95 g
MRF-454/A............19.95 s
MRE-455/A ... 19.95
ING0B4 ... 15.00
- 223

Full line of Sylvania ECG Replacement
Semiconductors Always in Stock

All Major Manufacturers Factory Boxed,
Hard To Get Receiving Tubes At Dis-
count Prices.

Minimum Order $25.00. Allow $3.00 For
UPS Charges. Out of Town, Please Call
Toll Free: 800-221-5802 and Ask For
“DAVID."

TRANSLETERONIC
‘Y INC.

1365 39th STREET, BROOKLYN, N. Y. 11218H

Tel. 212-633-2800/Wats Line 800-221-5802
TWX 710-584-2460 ALPHA NYK.

interesting reading!

From time to time | like to recom-
mend interesting books or periodicals
that provide information that otherwise
may be unobtainable, and that are of
general interest to Radio Amateurs.

This month’s recommendation is The
Monitoring Times, published month-
ly by Grove Enterprises, Inc., 140
Dog Branch Road, Brasstown, North
Carolina 28902. The subscription rate
is $10.50 for one year.

The Monitoring Times is full of time-
ly information about what's going on
in the HF/VHF spectrum. The editor
and publisher is Bob Grove, WA4PYQ.
This newspaper covers items of inter-
est not generally found in Amateur
publications. | look forward with inter-
est to each issue! The latest informa-
tion on the mysterious ‘‘beacon’ and
“numbers’’ stations may be found in
this publication, as well as up-to-date
information and interesting stories of
other aspects of radio communication.

Some of the columns in Monitor-
ing Times are “High Seas Radio,”
“'Signals from Space,” “'Utility In-
trigue,” "“RTTY/FAX,” and "'Pirate
Radio.” There's also a good review of
some of the new communications re-
ceivers in the present issue of this
interesting publication.

Good luck, Bob —
winner!

you have a

ham radio

DRAKE R-4/T-4X
OWNERS AVOID |
OBSOLESCENCE |

PLUG-IN SOLID STATE TUBES! [
Get state-of-the-art performance
Most types available

INSTALL KITS TO UPGRADE
PERFORMANCE!

* BASIC Improvement
* Audio Bandpass Filter
* Audio IC Amplifier |

TUBES $23 PPD KITS $25 PPD
OVERSEAS AIR $7 |

SARTORI ASSOCIATES, WSDA |

BOX 832085 l
RICHARDSON, TX 75083

214-494-3093

v 210




avAiToMATION TECHRIQUES. INC. am

Now you can enjoy the fullness of stereo sound via satellite.
Stereo is standard on the GLR-868. . .and, so is top quality
video.

Features:
Priority 6.8 mono audio plus narrow-band direct stereo and
wide-band matrix stereo
Automatic volume compensation for wide/narrow band signals
Crystal synthesized tuning and built-in terrestrial filter
Automatic polarity seeking control plus 100° or better LNF
Wireless, infrared remote for changing channels
Single cable convenience for all power and control wiring

The GLR-868 connects with your stereo and your television set
to turn your den into a theater. You get stereo sound separate
from the video on selected subcarriers and with video on other
subcarriers. Your choice. . .for your enjoyment. Take a look at the
GLR-868, and hear the difference of stereo sound. At your local
satellite TV dealer.

A

UTOMATION TECHNIQUES, INC.

1550 North 105th East Avenue - Tulsa, OK 74116 (918) 836-2584 PIONEER MEMBER OF
FASPN\CE
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ANTENNA/TOWER SALE!

hy-gain : ROHN Y -t o =
: CRANKUP SALE! Self Supporting Towers ri-Ex BUTTERNUT
On SALE! W mheseruggeacrankuprow. | \E[N /ELECTRONICS CO.
All Models Shipped REI » ors now avallable from Texas
- Factory Direct— P FREIGHT PREPAID } Towers! All models avallable -« Designed to operate on all
i . Freight Paid*| <] = All Steel Construction— ‘i On Sale for tremendous sav- Amateur Bands at “FULL" Legal
: Check these features: = Rugged & ings to you! Power Input,
® All steel construction P * Galvanized Finish—Long Lile i i To save on freight costs, all . * Automatic Band Switching
® Hol dip galvanized after ;4'.:| « Totally Free Standing—No £ towers are shipped directly (80110 meters).
fabrication @ Guy Wires from the Tri-Ex factory to you! * Automatic Band Switchin
@ Complete with base and <l « America’s Best Tower Buy— : Check these features: (160/10 meters; “"“‘ optiona
_— Y i model TBR-1
rotor plate % Compare Save $ 9 * All steel construction « IN STOCK for IMMEDI ATE
® Totally self:supporting— <y * Complete With Base and ] * Hot dip galvanized after DELIVERY & LOOK at very
no guys needed e Rotor Plate | fabrication 4, SPECIAL PRICES . .
- e «n Stock Now—Fast * Complete with base and |+ New Model HF6V $129.00
vot UMY Lt P | B Dsli\rery ) rotor plate « New Model TBR-160HD (High
a R Daivered * Totally self-supporting—no Power 160 meter Base
HGS2S8 820 9sq.fi. $1040 | Model Imlgm u.u- |Wﬂglﬂ o= guys needed 1 Resonator) $49.00. .
WGSHD S4n tesq it wiecs | HEX40 | 40N [10sqn| 164 B o
: St wexas | asn |10 “n 303 5309 Model Height Up Dewn Wind Load List  Sale with multiband radial kit $39.00.
WMD" ron tesan, sesw | poved | sgf [0SR W36 360h 2050 9.0sqht $694 $579 Model STR-2 (StubTuned Radial
; sqft| 385 | 3489 | ysy 5101t 205t 90sgft $1154 $999 Kit) $29.00.
Masts—Thrust Bearings— | HDBX40 | 40h |18sqft| 281 | $378 | | p3q4 5400 2101 16 sqft $2010 $1599 Délivery Anvwhers | :
Other Accessories Available | HDBX48 | 481 |1Bsqht| 363 | $469 | (Ma70p 7001 2201 16 sqfi $4195 $2999 ey S noywhare o The Govthanst
—~Call! Prices Shown Are *Your Total Deliverad Price Anywhers In Conti- | (Motorized) e o aiona) G061 ¢ fee Ehip-
Your Total Delivered Price | nental 48 States. Antenna Load Based on 70 MPH | DXB6 8601 230f 25 sqht $7200 Cal s PUrCh e M s uces Aty
I oticental USAL Wind. (Motorized) i urchas ith Antenna.)
RG-2130 $.29/n §279/1000M1 CUSHCRAFT
— i — Up10600 1ViaUPS | py(71.8AND HF ANTENNAS ROHN GUYED TOWERS
A3 3-8l Tribander  $219 A4 4-¢l Tribander  $289
* RG-213/U—95% Bare Copper Shield R3 20/15/10mir Vert$279 A743/AT44 40mir Kit §75 10 ft Stack Sections
* Mil-Spec g-mmmlmummw: HF MONO-BAND ANTENNAS 206G $37.50 256G $46.50
Iite than RGB cables 10-3CD § 95 10-4CD $1pa MINI-PRODUCTS HO-1
= Our RG-213/U uses virgin materiais 15-3CD $119  15-4CD $129 LIST $182.50 SALE $158 i el e
* Guaranteed Highes! Quality! 20-3C0 $199 20-4CD $279 ' ‘I“ 206, 256, 456 and 556 Accessories
AG-8X $.19/1t $179/1000 1t ;ﬁ:ﬁ?ﬂf '““‘?“ D $149 | 4 Wing Span - 111t = Wind Area - 1.5 sq ft " Siack st Mecesst Prioes - CALLY
* Boom - 54in. long = 1200W P.E.P. Input
AS0-5 $79 6178 $199 Feidove:
::Gﬂx—%ﬂ Bare Copper Shield * Low Loss 2148 §79 3219 $ 95 Towers
on-contaminating Vinyl Jacket  Foam Dielectric 2208 $ 95 4248 $ 79 | ALPHA DELTA COMMUNICATIONS
Coaxial Cable Loss Characteristics (08/100 it OSCAR/TWIST ANTENNAS Transi-Trap ™ Surge Protectors—In Stock Now!
Fabl zmmmmﬂ" Al44-107 $ 52 A144-201 $ 75 | Model LT 200W UHF Type _$1 3
AG-213/U A147-207 $ 63 41618 § 59 | Model HT 2KW UHF Type. $29
RGEX 52 8|12 35| 68 [arTme $29 PS4 § 69 | Model LT/N 200W N Type  $39
AG-58/U | 52 [ 1.4 | 1.8 | 6.0 | 125 | VHF/UHFFMANTENNAS Model HT/N 2KW N Type  $44
V' Alum | 50 3| 8| 2| 22 |A4I4 $ 29 AlT-N $ 49| Model R-T 200W Deluxe . $29
weHeliax [ 50 [ 2| 4| 9 | 18 |214FB § 79 228F8 $219 | Mmodel HV 2KW Deluxs . $32
% Heliax | 50 1 2 5 g | A440-6 $ 29 ARX2B $39 { and Gnrl al mnqu!-w
KLM
™
HARDLINE/HELIAX Lowest Logs | Y-GAIN KT34A 4-¢ Broad Band Triband Beam $339 | b ””:';::?:mmm -
KT34XA 6-el Broad Band Triband Beam $489 uywire
for VHF/UHF! | Discoverer 2-el 40-mir Beam. .. ... .$319| gom-1 go-mir Rotatable u.;,, §595 | 1/4 "EHS Guywire (6000 Ib rating) $ 16/
¥2* Alum, w/poly Jacket §.79/n |Discoverer 3-8l Conversion Kit $199| 40m-1 40-mir Rotatable Dipole $179 | 5/32° 7 x 7 Aircraft Cable (2700 b rating) s
% * LDF4-50 Andrew Heliax ™ $1.69/ft | Explorer-14 $309| 40m-2 2-¢! 40-mir Beam $309 | 3/ IG_'CCH Cabie Clamp (3/ 1.5'015!32' Cable). $.35
%" LDF5-50 Andrew Heliax ™ $3.99/ft |OK710 30/40 mir. Add-On-Kit $79| 40m-3 3-el 40-mtr Beam $459 ::: -?ﬁ?ﬁ?f ?ﬁmﬁlﬂr"s]m'ﬂ :;g
select connectors below V25 2-mir Base Vertical $49| 40m-4 4-¢l 40-mir Beam $649 ST (T8 ) Sl
TIARDLINE & HELIAX™ CONNECTORS | THSMK2S Broad Band 5l Triband Beam  $389) 2m-13LBA 13-¢i 2:mir Beam $79 | 3/BEE (3/8" Eye & Eye Turnbuckle) §5.95
UF FML|UHF-MALE|N FMLIN MALE | TH7DXS 7-¢1 Triband Beam $439| 2m-14C 14-el 2-mit Satellite Antenna $89 | 3/8°EJ (3/8" Eye & Jaw Turnbuckle) $6.95
T R THJRS 3-¢! Triband Beam $189! 2m-16LBX NEW-16-el 2-mir Beam $99 | 1/2"EE(1/2" Eye & Eye Turnbuckle) $6.95
Vo * Heliax T $22 TH2MK3S 2-el Triband Beam $179| 2m-22C NEW-22-el 2-mir Satellite Antenna §119 | 1/27EJ (172" Eye & Jaw Turnbuckle) $9.95
% * Hollax ™! $49 205BAS 5-l 20-mir Beam $349| 432-30LBX NEW-30-81-432 MHz Antenna 599 [ 3/16° Preformed Guy Grip $1.99
A 1558AS 5-61 15-mir Beam $199| 435-18C 435 MHz Satellite Antenna W/CS:2 . §119 ;{‘m P"*":m" G”EG::S g ;f; ;g
105BAS 5-gl 10-mtr Bea $129| 432-16LB 16-e/ 432 MHz Beam $69 i -4 1. Long Earin 2Craw A
Wﬁ—q SSAGAS 4.0 Betn $259 5000 Guy Insulator (5/32 " or 3/16° Cavle)  $1.39
ug;;a ag :;9: UG23DN Female $2.95 | conc et heam sao| AOTORS & CABLES - 502 Guy Insotator {174 * Cable) bgpis
6685 6-8l 6-mir Beam §135/ Alliance HD73 (10 7 sq 1t rating) 578" Diam - 8 1t Copper Clad Ground Rod $1295
Alliance U110 (3 sq ft rating) $49
ANTENNA WIRE & ACCESSORIES 18HTS B0-10 mir Hy-Tower Veriical $439
14 Ga. Stranded Copperweld $.10/1t | LC-160 160-mir Coll Kit for 18HTS g45| Telex HAM 4 (15 5q t rating) $219 | PHILLYSTRAN GUY CABLE
450 Ohm H.D, Line $.16/11 | 2148S 14-e] 2-mir Beam g4g| Telex Tailtwister (20 sq ft rating) $269 | yo162100 Guy Cable (2100 Ib rating) s.29/M
18 Ga. Copper coated steel wire % mile long.  $30 | 2BDQ 80/40 mir Trap Dipole $69| Telex HDR300 Heavy Duly (25 sq 11 rating) $519 | 40164000 Guy Cable (4000 Ib rating) $.43/n
H.D. End insilators $2/ea | 58DQ 80-10 mir Trap Dipole $129| Kenpro KR-500 Heavy duty elevation rotor $189 | Lor66700 Guy Cable (6700 Ib rating) $.69/n
Van Gorden 11 Balun $11 | BNBS 80-10 mir KW Balun W/ Coax Seal s22| KLM EL-3000 Moon Tracker Elevation Rotator . $349 | gg01) p Cable End (for 2100/4000 cable) $6.95
Van Gorden Center Insulalor $6 f:"ﬁ:& ‘-;“:15;:"55'1233 ft | 9902L0 Cable End (for 6700 cable) $7.95
;G ; . "
HUSTLER BTV 80-10 mirVert $1291 — bl Dutyst:mdublli..'i%‘flﬂ  Sochietiast Potting Campound (does -8 ande). .. $12.85
:nmgv}u"r:ra:en m (:;Ew 80-10 mir Vert $109 : ik {vinyl jacket 2-#16 & 6-#18 ga) | GALVANIZED STEEL MASTS
. -mif Base 144 2-mir Base  $119 |Pro37 7-el Triband Beam Hi Stesl Masts 2 in 00 - Galva: Fini
f0m Ti5m [70m [40m [75m L33 -8 rband ean $279 | SOUTH RIVER ROOF TRIPODS Qﬂ SET L ORI | T
00 1 T8 TA-33 3-¢l Triband Beam $249 | HOT-33M Tripod  $19 HDT-55M Tripod . $29
; 315 $20 ;23 $26 | $36 [TA-33JR3-el Triband Beam $189 | HDT-10 10 1 Tripod  $49  HDT-1515 M Tripod . $69 :::::::: J;:
Bumper Mounis - Springs - Foiding Masts in Stock!|/A4OKR40mirKitforTASS $119 | Heavy Duty Tripods include mig hdw-UPS Shippable 25 In Wall 5249
TEXAS TOWERS Ly g
(214) 422-7306
Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am - 5pm
1108 Summit Ave., Suite 4 » Plano, Texas 75074 Sat: 9am - 1pm
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ICOM IC-751A LIST PRICE $1399
CALL FOR SPECIAL SALE PRICE!

ICOM IC-745

LIST PRICE $999

CALL FOR SPECIAL SALE PRICE!

IC-02AT

NEW 2 METER
TOP OF THE LINE HT
= Digital LCD Aeadoutl

= Scanning

* Programmable PL Tones
* Optional 5W Battery

* S.meter Function

* 10 Memories

= Olfset Storage
* Lithium Memory Backup
* 13 BVDC Operation’

* Sealed Case

SUGGESTED LIST PRICE 5349
CALL FOR SALE PRICES!

0 DR

ETo ALPHA SALE!

Model

76A
76PA
76CA
374A
78

76PA  $1899!
List Sale*
$1985 CALL
$2395 CALL
$2695 CALL
$2595 CALL
$3495 CALL

*Sale Prices Too Low To Print—
CALL & SAVE $8!

KENWOOD

TS-9308 LIST PRICE $1799
CALL FOR SPECIAL SALE PRICE!

TS-4308 LIST PRICE $899.95
CALL FOR SPECIAL SALE PRICE!

TR-2500 2.5W/300 mW
(Switchable) 2 Mater
Handheld Transceiver
Small Size— Small Price —
Big Perlormance!
* LED Readoul
* Ten Memones
wiLithium Back up
* Band and Memoiy Scan
* Built In Sub-tone Encoder
* Builtin 10 Key
Autopalch Encoder
= Side Lock Battery Pack

TR-2500 List Price $329.95
CALL FOR SPECIAL SALE PRICES

oy

TEN-TEC
SALE!

CORSAIR List $1169

Deluxe AC Supply List $199
Both Items—Yours for $1169!
All Ten-Tec Accessories in Stock
for Fast Shipment!

Ies TEN-TEC
New 2M HT
Full Featured!
List $319
Sale $279.95!

4229 2KW Tuner Kit $189.95!

FT-757GX LIST PRICE $829
CALL FOR SPECIAL SALE PRICE!

NEW ST142,P
2M HT

-
|
i
|
H

* I5WNWID.AW
* 142-149.995 MHz

* LCD Display
* Programmable
PL Option
List 339.95
SALE $299.95!
FT-726R LIST PRICE $829
CALL FOR SPECIAL SALE PRICE! ST144,4P . . . . .. $259.95
ST2224P........ CALL!
FT-208R 2M HT STA42uP .. ...... . CALL!
List $319
IT;I? 2;:‘9“0 MHz HT SANTEC Accessories
« LCD Display SM3 Speaker Mic .$34.95
* 10 Memories ST-LC Leather Case $34.95
GALL EOR S§T-500 NiCad Battery. .$29.95
SPECIAL PRICES! ST-4QC Base Charger. . $69.95
TOKYD
]
SALE! HY-POWER LABS W= .=
NEW RTTY/CW COMPUTER
INTERFACES gkl?g‘; Re 5568,95

HL-B2V , $139.95
HL-160V $289.95
HL-20U . . $99.95

HL-90U . $329.95
HC-200 . . $89.95
HC-2000 $289.95

CRI-100 List $249 SALE §229.95!
CRI-200 List $299 SALE $269.95!

CWRB850
RTTYICW
TERMINAL

KDK FM2033

List $339.95 Sale $299.95
B

P
---. ‘--’.

List $999 SALE $749.95!
Other HAL Products On Sale

SWRET00 $430.95 DSI0DO0ASH . $1699 95
CWRETSD $629.95 MPTI100 5210995
CT21DVKB2100 $74085 RS52100 $289 95
CT2200/KB2100 _$949.95 S5T5000 $219.94
DSKI100 5104995 STBOOO 36419 95
ARQ1000 364995 KG2 $160 85

A RAGE

B1016
$249
Modal Bana
A0S BM
B2 M
B21% M
Broa EL
Bi0s oM
BIIE ]
cn 220
Ci1D 20
cionz 220
Daa &40
DIDION 440

AC 1 Aemote Control for Mirage Amplifien
WP and MP 2 Pask Reading Wallmaler

Pre  Input
amp

Yeu oW
No I
Vs W
Yes now
Yes  10W
Yes  MOW
Mo L
Yes  0W
Yes  10W
No W
Mo oW

A0W
100W

AMPLIFIER
SALE!

ASTRON POWER SUPPLIES
Heavy Duty - High Quality - Rugged - Reliable
@ Input Voltage 105-125VAC Oulput 13 8VDC = 05V
@ Fully Electromcaily Reguiated — Smy Maximum Ripple
® Current Lymiting & Crowbar Protection Circuits
® M Setes With Meter — A Seres Withou! Meler

“Cont Amps 1CS Amps Price
3 4 1N

5 ’ “

9 72 (]

16 0 [ ]

16 n 109

5 » 134

5 35 149

il 0 199

3 50 229

MODEL RS-50A

CP-1 COMPUTER PATCH

List $239.95 SALE $189.95!
$219 CP1-84

. 5120 MP64 . .

\.I'IC 20 MBA Text $79 C-64 MBA Text

All AEA Keyers, Antennas & Accessories

In Stock!

K< Kantronics

The Interface Reg. $169.95 Sale $129.95
The Interface Il Reg. $269.95 Sale $239.95

Apple Amtor
SofUHamtext,..$139 VIC-20 Hamsolt ..., 49
VIC-20 Amtor Soft..89 Hamtext VIC-20 .....99

Hamtext Model-64..99
—
....29 TRS-80C Hamsoft.. 59

pC RO Y LN
MFJ 1224 COMPUTER INTERFACE $89.95
2028 Noise Bridge $50.95
250 2KW 0Oil Load $35.95
422 Keyer/Paddle $89.95
901 300W Tuner $50.95
941C 300 W Tuner $89.95
989 Deluxe 2KW $299.95

METRON
MA1000B8
AMPLIFIER

Solid State
1KW Amplitier

* 13.8 VDC Operation
= Compacl

* No Tuning
= Remote Bandswitching
* Heavy-Duty Construciion
List Pri

=

More Details? CHECK — OFF Page 158

TEXAS TOWERS

Div. of Texas RF Distributors Inc. 1108 Summit Ave., Suite 4 ® Plano, Texas 75074
Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM

w221

Telephone
(214) 422-7306
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Dual Axis Rotor

As a leading manufacturer of precision motor drive systems, we believe the newly
developed DRA10 is the finest dual drive system for satellite antennas. To provide you
the highest level of performance and convenience, the DR10 Dual Axis Rotor features:

COMPACT CONTROL UNIT WITH SELF CONTAINED AC POWER SUPPLY
SINGLE DUAL SCALE METER (AZIMUTH/ELEVATION)
SINGLE 8 WIRE CONTROL CABLE (BELDEN TYPE)
STANDARD TOWER TOP MOUNTING

ACCEPTS 1%2 INCH ANTENNA BOOM

SERVICEABLE WITHOUT ANTENNA REMOVAL
DYNETIC SYSTEMS’ HIGH TORQUE,

PRECISION GEARMOTORS

NOW AVAILABLE
for immediate delivery o

Our DR10 will out-perform any combination of conventional rotors

popularly used, and is supplied ready to mount, including the rotor, . ' _;',, )
control unit, and all stainless steel mounting hardware. (less cable) 17 N

I —

For immediate ordering information, DYNETIC SYSTEMD

individuals and dealers call or write
19128 INDUSTRIAL BOULEVARD

612-441-4303 ELK RIVER, MN 55330




make your own PC boards
using silk screen techniques

A step-by-step guide to
easy, inexpensive duplication
of simple circuits

At least two silk-screen approaches to PC board
duplication will work for reproducing relatively simple
circuits. One is based on the use of printing film, and
the other is based on the use of a photo-sensitizing
material that can be applied directly to a silk screen
or to a board. | have found both of these techniques
to be quite satisfactory, and | consider them to be
superior to the usual board photo-sensitizing approach
for all but the most sophisticated circuit configura-
tions. The screen-sensitization technique can be used
with “LIFT-IT""™ patterns or by applying sensitizer
directly on the board if one is certain replication will
not be necessary. The printing-film approach is suit-
able for relatively simple circuits such as those used
for RF voltmeter probes.

In order to produce a conductive pattern on a cir-
cuit board it is necessary to transfer a drawn pattern
to the copper on a board. This requires the applica-
tion of material that will protect the desired conduc-
tor area from an etchant. Of the various methods
available, silk-screen technigues are probably the least
expensive and most convenient solution to the typical
multi-board problems encountered by hams. (Where
only single boards are required, the photo-sensitizing
method can be applied directly to the board.)

board preparation

| buy my copper-clad material {copper one side) at
hamfests, usually for less than one cent per square

inch, far less than the 20 cents or more charged for
sensitized boards.

First | cut the board to size with a bandsaw. Metal
shears or a pair of tinsnips can also be used. The board
may also be scored with a linoleum knife and sepa-
rated. After the boards have been cut to size, the
edges and corners should be deburred to avoid cut-
ting the silk in the process of inking. If the board is
badly corroded the copper surface should be scoured
with 600 grit emery, and finally with a cleaning powder
such as “’Old Dutch Cleanser,” one that is free of
chlorides and phosphates. An all-over clean copper
lustre is required to assure efficient etching.

mounting frame preparation

Two kinds of mounting frames can be used.
Because the boards | use are seldom larger than 3 by
5 inches, | purchased some 3/4-inch square wood
strips and cut them into 6- and 8-inch lengths. Using
picture frame clamps, | assembled these pieces into
frames having outer dimensions of about 7 by 9 in-
ches, gluing the pieces of wood together with white
glue and inserting 2-inch long wood screws through
the joints and reinforcing the joints with flat L brackets
measuring 1-1/2 inches on each side (see fig. 1). After
assembly, the forms should be protected with shellac
to improve their resistance to water. | use these frames
for board applications having continuous use, such as
power supply configurations.

It is difficult to get enough tension on the screen
to minimize under-flow with this arrangement. | have
found it convenient to attach 7-inch pieces of flat
aluminum stock about 3/4 of an inch wide on the in-
side of the long sides. These can be used to stretch
the screen tightly. Beware of sharp corners on the ten-
sioning bars; any burrs ar sharp edges or corners will
cut the silk. I cut slots in the bars and use screws to
hold them in place. Much less underflow results.

By Keats A. Pullen, Jr., W3QOM, 2807 Jeru-
salem Road, Kingsville, Maryland 21087
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fig. 1. Wood silk-screen printing frame with pattern. The
irregular outer edge of the wood frame is caused by the
silk. | didn't use the cardboard reinforcement with this
frame.

WING NUT
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fig. 2. The metal screen printing frame. The cardboard
reinforcement is used here.

The second kind of frame can be made from or-
dinary aluminum stock available in most hardware
stores. | use 3/4-inch angle and 3/4-inch flat stock.
One clamping surface for holding the screen is fixed;
the other is moveable. There are two fixed elements,
the second being used for application of the required
tension. One of the fixed angle pieces is reinforced to
the flat bars with corner braces for additional stiffness.
The moveable angle is coupled to the second angle
piece with 1/4 x 20 inch threaded rod; wing nuts are
used for adjusting tension on the silk.

The one fixed angle element and the moveable one
are arranged so that the two ends of the screen, sup-
ported by cardboard as explained in the next section,
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can be clamped tightly to the two members. In this
way, ample tension can be applied to the screen for
use in printing (see fig. 2).

screen preparation

The silk screen is prepared by washing, again with
the cleanser, and thorough rinsing. A monofilament
nylon screen material of the finest possible mesh is
best and will give the finest resolution and minimum
problem from etch-through resulting from blockage
of ink penetration by the screen material itself. The
screen must be stretched as tightly as possible when
used, since only then can sufficient contact of the pat-
tern and the copper be achieved, minimizing ‘‘run-
under.”’

To protect twisting the thread pattern of the screen
material, use cardboard bracing strips on each tension
edge, leaving enough silk to wrap around the strip.
The silk can then be stapled to the cardboard strip and
the combination tacked on the frame or clamped as
required. This way the stress can be distributed uni-
formly on the silk.

using printing film

Since there are two possible ways the screen master
can be used, each method is considered separately.
I have found orange printing film to be useful and easy
to prepare for simple circuits. In using it, one simply
marks off and removes narrow ribbons of film to form
conductors, lifting them from the backing material.
The material removed represents a current path. Care
should be taken to minimize the cutting of the back-
ing, a plastic, nylon-type material, as the transfer of
the film to the silk is most easily accomplished if the
film has been cut through without scoring the backing.

I have made some simple tools for preparing the
film. One type, for cutting conductor paths, consists
af two halves of a double-edged razor blade mounted
on opposite sides of a piece of used copper-clad (see
fig. 3). This will cut both sides of a conductor path
at one time, and help in making sure that the length
of the cut is correct. These cuts can extend to about
a hundredth of an inch into an adjacent pad or across
an intersecting path to simplify the removal of the
material. This ribbon is then picked up with an
Xacto™ knife or a pin and removed. Pads can be cut
with a tool made by taking a short length of 1/4-inch
rod, center-drilling it on a lathe or drill press, and cut-
ting down its outside diameter to the size of the pad
required.

When the pattern has been prepared, it may be at-
tached to the silk screen material by stretching the
screen tightly over the pattern and patting the screen
with a piece of cheesecloth wetted with lacquer thin-
ner {use a gentle push, not a sliding motion). You will
be able to see where the attachment is satisfactory.



\*— TWO HALVES OF A
DOUBLE-EDGED RAZOR
BLADE - - MOUNTED ON
OPPOSITE SIDES

«— PIECE OF COPPER-
CLAD CIRCUIT 8B0ARO

fig. 3. Special tools for use with printing film.

You will want to go back and redo any imperfectly im-
bedded areas. When the combination has dried com-
pletely, carefully peel off the backing, resticking if
required.

photo-sensitized silk screen

The silk can also have the required pattern applied
to it by the use of a photographic sensitizing techni-
que. The sensitizer | have used is the Hunt Manufac-
turing Company Printing Photo Emulsion Kit No. 4533.
This contains two components which are mixed just
prior to use. Instructions are provided with the
package. A leaflet on screen printing is also available.

To prepare the photo screen, mount the screen
material on the frame you have chosen and apply the
mixed sensitizer in a thin, smooth layer on both sides
of the screen. (You can expedite drying by blowing
cool air from a hair dryer on to the screen.) After mix-
ing, handle the coated screen in semi-darkness only.
If the image to be transferred is closest to the back
of your image master, you expose with that surface
adjacent to the sensitive surface and expose through
it. (Lift-it masters are exposed from the top, whereas
drafted masters will be exposed from the bottom; see
figs. 4 and 5). The master should be between the light
and the sensitive layer, and the image as viewed from
the top should be as required. A transparent cover
should be placed on top of the master and weighted
S0 as to assure close contact between the master and
the screen. (I use a No. 2 photofiood in a reflector
about 14 inches from the work, for about six minutes.)
The exposed silk is then washed and rinsed im-
mediately.

inking

After the circuit board has been scoured and
prepared for use, and the screen with the appropriate
pattern is in tight contact with it, the inking can be

begun. The ink must be reasonably thick, yet it must
spread through the open areas of the screen. At the
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fig. 4. Arrangement for preparing a screen master from
a Lift-it of a photo copy of a circuit.
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fig. 5. Arrangement for preparing a screen master from
a board drawing positive master.

same time it must be able to be completely removed
from the stencil screen without leaving residues or
damaging the screen. It must dry “‘hard”” — that is,
it must, after drying, be resistant to the etchant.

A bead of ink is spread along the short length of
the circuit to be printed, and then spread along the
image of the circuit. | use a piece of Plexiglass™ or
other transparent acrylic as a spreading tool. It should
be an inch wide or wider, and can be wide enough
to cover the entire width of small boards. (All burrs
and sharp edges should be removed from the spreader
prior to use. To re-use, simply peel off the dried ink.)
Acrylic inks such as the Hunt Permanent Acrylic
Screen Printing Ink or the Liquitex Permanent Acrylic
ink are suitable.

After the printed board is dry, the image can be
touched up by usng pin or a needle to repair breaks,
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or an Xacto knife to scrape away any run-unders that
may have occurred. | usually use a hair dryer with heat
to speed the drying in this phase of production.

| print as many boards as | need in rapid succession
and then wash out the screen master with a thorough
spray of water. (Printing inks are soluble in water un-
til they dry; after drying, they become impervious to
water but can be peeled or scraped off.}

initial artwork preparation

When the photographic screen method is used, it
is necessary to work from some kind of master. These
masters may be those printed in a magazine {either
positive or negative) or some you have prepared from
any of the various commercial materials. Each ap-
proach is discussed here.

A complex circuit or one available as a circuit pat-
tern in an article can be made into a screen by com-
bining a photocopy of the layout with the silk-screen
process. The photocopy can provide increased con-
trast, if necessary, and eliminate the need to cut the
magazine. If the original is positive, make a Lift-it from
the photocopy and use it to expose the screen. If the
original is a negative, make the Lift-it copy and then
print it directly onto a piece of high-contrast 4 x 5 inch
cut film. This will give a positive that can be used to
sensitize the screen again. (With a negative, the print
may be made directly from the Lift-it to the board using
the Hunt preparation if you prefer. This works, par-
ticularly if the hardener is used as described later.)

| make some of my masters on tracing vellum using
extremely thin transfer materials such as those made
by Vector. Ruled India ink lines are suitable for con-
ductors. Transfers used for pads and IC sockets finish
the circuit layout. The result is a simple, direct step-
by-step process.

washing and etching

Washing must be done at several points in this proc-
ess. The boards should be washed thoroughly and
carefully after scouring. The screen material should be
washed thoroughly from both sides to remove any siz-
ing and acrylic ink. With the photo-sensitization proc-
ess, it is spray-washed from both sides to remove the
filler from the pattern.

With both the exposed photo-screen and the inked
screen, | use a discarded spray bottle for washing,
which must be done immediately after completion. A
fine but fairly hard spray is best.

| generally use ferric chloride as an etchant. Either
plastic or glass trays may be used with it; | use
Pryex™ glass trays so | can heat the etchant and
thereby speed the operation. My heater is an electric
plate warmer with two switches added to the line cord,
one with a diode connected across its points for the
convenience of two heat levels.
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After etching, the board should be washed thor-
oughly. You'll find the ink softened enough to peel
off, leaving the copper with the dull appearance of
cuprous oxide. If you wish to apply tinning solution,
the copper must be made bright once again by the use
of 600 grit paper used lightly as needed and scouring.
Hardened ink can be dissolved in lacquer thinner.

hardening

The photo-emulsion image on the screen can be
hardened by treating it with Hunt's ‘‘Permanizer’'™
No. 4529. The developed and dried image on the silk
screen is painted with this material, and the combina-
tion dried with cool air. The use of a water spray wash
with cold water once again opens the mesh where the
pattern is.
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JPC/AZDEN

4000 SERIES
TRANSCEIVERS

10 METERS & DOWN

FM

AZDEN o, .
. n.n-ﬂ_‘"'

COMMERCIAL-GRADE ' S gy ()
QUALITY AT AMATEUR PRICES .

—rn FM 'Ti“ansceiver

EXCLUSIVE 41‘ YEAR LIMITED WARRANTY! COMPARE!

THE 4000 SERIES :

PCS-4800 10-m FM Transceiver

SALE

PLEASE CALLFOR
SPECIAL PRICE :
PCS-300
2m Handheld 5
FM Transceiver 11
142-149.995 MHz .

EXCLUSIVE DISTRIBUTOR:

AMATEUR-WHOLESALE ELECTRONICS

8817 S.W. 129th Terrace. Miami, Florida 33176
MANUFACTURER:

WIDE FREQUENCY COVERAGE: PCS-4000
covers 142.000-149.995 MHz in'selectable steps
of 50r10 kHz. PCS-4200 covers 220.000-224.995
MHz in selectable steps of 5 or 20 kHz. PCS-4300
covers 440.000-449.995 MHz in selectable steps
of 5 or 25 kHz. PCS-4500 covers 50.000-53.995
MHz in selectable steps of 5 or 10 kHz. PCS-4800
covers 28.000-29.990 MHz in selectable steps of
100r20 kHz.

CAP/MARS BUILT IN: PCS-4000 includes cover-
age of CAP and MARS frequencies

TINYSIZE: Only2"H = 5.5'W x 6.8'D. COMPARE!

MICROCOMPUTER CONTROL: At the forefront
of technology!

- UP TO 8 NONSTANDARD SPLITS: Ultimate ver-

satility. COMPARE!

16-CHANNEL MEMORY IN TWO 8-CHANNEL
BANKS: Retains frequency and standard simplex
or plus/minus offsets, Standard offsets are 600 kHz
for PCS-4000, 1.6 MHz for PCS-4200, 5 MHz for
PCS-4300, 1 MHz for PCS-4500, and 100 KHz for
PCS-4800

DUAL MEMORY SCAN: Scan memory banks
either separately or together. COMPARE!

« TWO RANGES OF PROGRAMMABLE BAND

SCANNING: Limits are quickly reset. Scan the two
segments either separately or together. COMPARE!
FREE AND VACANT SCAN MODES: Free scan-
ning stops 5 seconds on a busy channel; auto-
resume can be overridden if desired. Vacant
scanning stops on unoccupied frequencies

+ DISCRIMINATOR SCAN CENTERING (AZDEN

EXCLUSIVE PATENT): Always stops on frequency.
TWO PRIORITY MEMORIES: Either may be
instantly recalled at any time. COMPARE!

NICAD MEMORY BACKUP: Never lose the pro-
grammed channels!

FREQUENCY REVERSE: The touch of a single
button inverts the transmit and receive frequencies,

DEALER INQUIRIES INVITED
TOLL FREE...800-327-3102
Telex: B0-3356

Telephone (305) 233-3631

JAPAN PIEZO CO., LTD.
1-12-17 Kamirenjaku. Mitaka, Tokyo. 181 Japan.

no matter what the offset.

« ILLUMINATED KEYBOARDWITH ACQUISITION
TONE: Unparalleled ease of operation.

« BRIGHT GREEN LED FREQUENCY DISPLAY:
Easily visible, even in direct sunlight

= DIGITAL S/RF METER: Shows Incoming signal
strength and relative power output.

» BUSY-CHANNEL AND TRANSMIT INDICATORS:
Bright LEDs show when a channel is busy and
when you are transmitting.

« FULL 16-KEY TOUCHTONE™ PAD: Keyboard
functions as autopatch when transmitting (except
in PCS-4800)

+ PL TONE: Optional PL tone unit allows access to
private-line repeaters, Deviation andtone frequency
are fully adjustable

« TRUE FM: Not phase modulation. Unsurpassed
intelligibility and audio fidelity

« HIGH/LOW POWER OUTPUT: 25 or 5 watls
selectablein PCS-4000; 10 or 1 watt selectable in
PCS-4200, PCS-4300, PCS-4500, and PCS-4800
Transmitter power is fully adjustable

» SUPERIOR RECEIVER: Sensitivity is 0.2 uVor
better for 20-dB quieting. Circuits are designed and
manufactured to rigorous specifications for excep-
tional performance, second to none. COMPARE!

*« REMOTE-CONTROL MICROPHONE: Memory
A-1 call, up/down manual scan, and memory
address functions may be performed without
touching the front panel! COMPARE!

» OTHER FEATURES: Dynamic microphone, rugged
built-in speaker, mobile mounting bracket, remote
speaker jack, and all cords, plugs, fuses, and
hardware are included

+ ACCESSORIES: CS-7R 7-amp ac power supply,
CS-4.5R 4.5-amp ac power supply, CS-AS remote
speaker, and Communications Specialists SS-32
PL tone module

+ ONE YEAR LIMITED WARRANTY!

Telex: 781-2822452
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Work The World With No Antenna

For the active CW operator, there is nothing more fun than operating with the “Doctor DX" CW DX
simulator. For the person who has never liked CW, Doctor DX will show you what real fun is. Doctor DX
has something for everyone from the aspiring Novice to the experienced Amateur Extra Class licen-
see. And you need no FCC license to operate Doctor DX!

With Doctor DX, all you need is a Commodore-64 computer, a key (or keyer),and a TV set. Thereis no
need for an expensive transceiver, amplifier and antenna farm to enjoy the thrill of working ““rare DX."
No more TVI or dead bands! Doctor DX is more than the most sophisticated CW trainer ever devel-
oped, it is your DXpedition ticket to anywhere in the world at a very affordable price.

Doctor DX simulates real H.F. CW band conditions. All the stations you will work are generated by
the computer. As you tune up and down the particular band you have selected, you will hear realistic
sounding stations in contact with other stations (some within your skip zone). There is also the normal
QRN and QRM one would expect to hear in the real world. All call letters heard are totally random (sub-
ject to the country’s callsign assignment rules). The prefixes are weighted according to the Amateur
Radio population density, with 304 possible countries represented. The speed of stations operating in
the lower portion of the bands is much faster than those operating in the upper band segments. The
“operators'’ are also more polished in the lower portion of the bands.

Radio propagation (programmed for each band) represents what you would expect to hear on a
good propagation day at the peak of the sunspot cycle. The propagation follows the internal real-time
clock that you set before beginning operation. All the simulated stations you hear (with proper pre-
fixes) are at distances you would expect to hear for the time of day and band selected.

You can learn and enhance your CW operating skills with Doctor DX. Doctor DX will not reward bad
habits. AEA even offers an awards program to owners of Doctor DX that work all zones, 100 countries,
5 band Dr DXCC, or Doctor DX Honor Roll.

The Doctor DX CW trainer is a totally new concept in Amateur Radio. See what all the excitement is
about. Send for full details, and see your dealer for a demonstration.

MIDWEST AMATEUR RADIO SUPPLY

3456 Fremont Avenue, North
Minneapolis, MN 55412

Store Hours: Mon.-Fri. 9-6, Saturday 9-3

For service call: (612) 521-4662

For orders call: 1-800-328-6365

Brings you the
Breakthrough!
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For good clean, competitive fun, Doctor DX™ shows your score and QSO rate for continuous moni-
toring of your improved CW operating skills. The DDX-64 can be a vehicle for fairly settling those club
rivalries by competing with your friends under identical operating conditions.

AEA also has two on-going CW contests that you can enter with Doctor DX as your own schedule
permits. The AEA SPRINT CONTEST is a timed non-stop eight hour event and the AEA MARATHON
CONTEST is a timed 24 hour non-stop event. The top 5 contest scores will be published in our future
advertisements and upgraded periodically as new higher scores are achieved.

In addition to the two AEA contests, we are offering award certificates for achieving certain mile-
stones. You will be automatically alerted when you have achieved these milestones by adisplay at the
bottom of the monitor screen.

AEA DrDXCC is achieved when you have worked 100 different countries, regardless of the frequen-
cy band or the amount of time operated. DOCTOR DX WAZ can be earned by working all 40 CQWW
zones of the world, without regard to the band or duration of operating time. The DOCTOR DX HONOR
ROLL is reserved for top notch operators capable of working 250 countries without regard for band or
operating time. Additional endorsement awards are available for each additional 10 countries worked
up to 300 (out of 304 possible) countries. AEA 5 BAND Dr DXCC is a very difficult award to achieve. It re-
quires working 100 countries on each of five different bands, without regard for the amount of operat-
ing time.

Each award can be obtained by filling out a photocopy of the award application form (supplied)
along with the score information and qualifying check sum from your screen display. Please enclose
$3.00 to cover handling costs for each certificate ($1.00 for Honor Roll endorsements). Awards will
only be granted to owners having a Doctor DX warranty card on file.

There is no need to ever be bored with your hobby again just because the bands are dead or you are
apartment bound. Try Amateur Radio’s own version of Solitaire - DOCTOR DX.

MIDWEST AMATEUR RADIO SUPPLY
3456 Fremont Avenue, North
Minneapolis, MN 55412
Store Hours: Mon.-Fri. 9-6, Saturday 9-3
For service call: (612) 521-4662
For orders call: 1-800-328-6365

v 186
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COVER BEFORE WINTER!

Use covers with “Flo Thru™ air vents for humidity control

&QU'CK WEATHER PROTECTION PRODUCTS & ANTENNA ACCESSORIES 3

a
.F.*ex.-b!e Magnetic Media

Life Time Warranty - 100% Certified

51 80 < ea 5%"'SSDD s
QTY 10 5% "DSDD ea. » QTY10
Packaged in polybags of 10 with
labels, reinforced hubs and Tyvek
envelopes.

MM:-5 holds 50 5%" disks

MM-3 holds 30 3%"-3%"

disks. Units have sell locking

covers with easy-carry hand-

les, adjustable tab dividers

and many other featlures
Great buy!

MM-3 51285 MM.5513.95 MEDIA-MATE

Free shipping in Continental US it arder over
$25, else add $2.50. COD add $3.00

Visa and MasterCard. Personal checks take 10
days to clear. Flornda residents add 5%

DISCOUNT DISCS

P.O. Box 1231 Shalimar, FL 32579
(904) 651-4550 v 144

PRODUCT & DESCRIPTION MODEL
wanl
QIK-ON o lenr (White)
Polarotor, LNAS
LNA LNA-A
Wire Terminal L:A'DCB
shitalio LNA-A /LNA-DCB twi'ggf'
Down Converter A UV resistant rubber boot designed to cover the .
‘Weather Bools polarotor-LNA and lerminals and also seals tight \1 [ winda 1 J
with “Flo Thru' air enough to keep oul bees, birds or hornels. Vented to d
antafar huml:d: relieve condensation. The exclusive QIK-PRO pleated (Black)
control Y end Is for easy installation and tight seal (lock band doetiat ! §1 (K
oy 3 included). The bool hides equipmen! and improves r'
it e overall looks. No signal loss LNA-DCP
QIK-MOUNT It wanl * Accepts most Down Converters
(Universal) H | * Keeps DC and terminals dry
Down Converter f o * Prevents grounding Biack
Plate & Boot | The umiversal mounting plate is rubber covered
with "Flo Thru" perforated metal and a ight sealing rubber cover
air venls with wire exits
QIK-COVER A UV resistan! rubber cover that has the exclusive
Motor Bools QiKk. PRO end thatl allows the boo! 10 pul on (Black)
with “Flo Thru" guickly and ightly seal on the drive unit. Rubber | MB
airvents netltutes y Iips on bottom for wire exit (Lock band included ) | MBO
Pat Panting
went vani weni A
A eqular
nmnms- 01000002 , LOCOT | 15" 0rve
s, — weni o4
QIK-PRO Regular wnlh ‘Limit Switch” 111%™ Actualors |
Actuator Boots ! Basic System 48
L » A solt, pliable UV resistant expandable weather bool that covers the | 54
with “Flo Thru" air il end of th it . 2 y
vahils small end of the actuator protecting it from ice, rain, salt water, or dust. | 60
Pk e Withstands high heat and very low temperatures. (2 lock ties included.) | f. r
For drives using limit switch designate "limit switch” {same price) 18 Small
N e ™
QIK-LIMIT Uriversal limit switches mounted in
Universal Limit 3 an insulated bracket that clamps on | Boxed
Switch all standard actuators quickly (DC
g QUICK & ACCURATE AC  winng dhagram included )
MOST ACCURATE FEEDHORN ALIGNMENT TOOL MADE' !
Extends
QIK-ALIGN s 25 1047
Feed Hom Bo»ed

Alignment Tool

Par Pendong

* Hooks flush on tesdhom to am & align (o exact
conter of
* Jrenlahced adustatie trangulating legs can be set 44
at local Bistance & point at center of dish in one easy setling

IF YOU COMBINE 1.3 - 1296 and 249.95 WHAT DO YOU GET?
A COMBINATION THAT YOU CAN'T BEAT.

T1la COUNTER

1.3 1S THE FREQUENCY
: 1296 1S THE BAND
s $§249.95 IS THE PRICE

ars)— .

» Frequency Range 10Hz to 1 3Ghs i‘l(llf:h} + 1 ppm {.0001)
« 4" B |']-IH LED C » Reads 1296 Mhz Band

= Auto - ity + 1 ppm/hour
5% x6" x 2" all metal case « Stabilty + 1ppm/Mo

* 115v operaton
» Temp + dppm 20 10 50 C

50 ohm above 100 Mhz
15 DAY - NO HASSLE
RETURN GUARANTEE
636 Shendan Drive, Tonawanda,
New York 14150 (716) B74-5848

* Bt in pre-scaler
* | year warranty
# [nput impedance M ohm/20 pf to 100 Mhz
MASTER CARD DR VISA ACCEPTED
CALL T16-B74-5848 or WRITE:

DIGITAL wirenets e

Ter

ms: Cash, Certified check, Money order, Money lransier

Prices ellective 6-1.84

.
i' " Fresght: UPS, COD. KO8 Paullin Industries, 1446 State Ries. 60, Ashland, Ohio 44805

. 'If » 197
1 }
SEMICONDUCTORS: P.C. BOARDS FOR MOTOROLA BULLETINS
MRF-208 1200  MHW-252 53.00 AN-762 14.00
MRF-240 1840  MHW-710-1 61.00 EB-27A 1400  AN-791 10.00
MRF-247 3480 MPSH-81 50 EB-63 1400 EB-67 14.00
MRF-309 33.80 MNWV2205 58 KEMET CHIP CAPACITORS: 56 pf, 82 pl.
MRF-422 4140  7BLOBCP 50 100 pf, 390 pi, 470 pt 50 ea
MRAF-454 ..2000 2N44a01 75 680 pf. 1000 pf 55 ea
MRF-901 ... 175 2N5190 1.50 5600 pf. 6800 pl, 1 ut 1.00 ea
SBL-1 Double-Balance Mixer 6.50 33 uf 1.90 ea. .68 ul 3.90 ea
CAMBION RF CHOKES: .15 uh, .22 uh, 33 uh, 4.7 uh, 10 uh 1.20 ea
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS: AN-762. EB-27A. EB-63
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS: 5pf, 10p!. 15pt, 25pi, 30pf
40pf, 56pl, 60pl, 68pl. BOp!, 91pt, 100pt, 200pi, 250p!, 390pf, 470pt, 1000p!
We also carry a line of VHF, UHF amplifiers and ATV equipment. ~ 135

Call or write for our free catalog.

m munication

oncepts Inc.

2648 North Aragon Ave.* Daylon, Ohio 45420#(513) 296-1411
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INCREDIBLE CODE!!

Learn the International Morse Code
by the patented

“‘WORD METHOD"'

NO

Just listen and learn! the **WORD METHOD"'
is based on the latest scientific and psycho-
logical techniques. You can zoom past 13 WPM
in less than HALF THE USUAL TIME!!

The kit contains two cassete tapes, over TWO
HOURS of unique instruction by internationally
famed educator Russ Farnsworth. Complete
satisfaction guaranteed.

Available at local Electronic Dealers, or send
check or money order for $18.50 plus $1.50
for postage and handling to:

EPSILON RECORDS
P.O. Box 71581
New Orleans, LA 70172

BOOKS
CARDS
VISUAL AIDS
GIMMICKS

Tell ‘'em you saw it in HAM RADIO!




Rob, WA3QLS Katherine, KA31YO Paul, WA3QPX

Delaware
Hmatear Sapply

71 Meadow Road, New Castle, Del. 19720 302-328-7728
Factory Authorized Dealer! 9-5 Daily, 9-8 Friday, 9-3 Saturday

KENWOOD YAESU ICOM TENTEC
MICROLOG KDK SANTEC KANTRONICS

800-441-7008

Order & Pricing
New Equipment

Large Inventory Daily UPS Service

All Other Calls
302-328-7728

iy 4 No Sales Tax

fﬂ__ i in Delaware!
o ¥ 7~ One mile off 1-95
o

More Details? CHECK — OFF Page 158 o~ 140 November 1984 91



winter DX

The winter DX season is here. One
characteristic of winter is a steep rise
in the daily MUF peak followed by an
early decline to a deeper predawn min-
imum. This makes for shorter daytime
DX operating time in the higher HF
bands, but for more nighttime DX on
the lower frequency bands. Signal
strengths are higher because of lower
absorption of energy and less propa-
gated or local atmospheric noise (by
this time of year, thunderstorms are
fewer and more distant).

Absorption is a result of the loss of
energy from the signal as it collides
with ions on its path through the D
region {about 100-120 miles, or 60-80
km, above the earth). How much
energy is absorbed per transit of the
D region depends on the location of
the sun, and is a function of casine X,
the zenith angle to the sun. Maximum
absorption occurs at the subsolar point
(directly under the sun); absorption de-
creases as the signal transit moves
away from the subsolar point in any di-
rection. In our winter the subsolar
point moves down to 23 degrees south
latitude, resulting in less absorption. At
the same time the earth is closer to the
sun by 2 percent. The net result is still
less absorption in winter. The degree
of absorption is related to and follows
the changes in the ultraviolet output of
the sun. (It takes slightly over 8 min-
utes for a change on the sun to begin
affecting our ionosphere.) A measure
of this is the daily solar filux at 2800
MHz recorded in Ottawa, Canada, and
broadcast at 18 minutes after the hour
by radio station WWV. Another
source of absorption, caused by in-
creased particle influx during geomag-

92 November 1984

DX
FORECASTER

Garth Stonehocker, KORYW

netic storms, occurs on propagation
paths through or along the auroral
zone (60-80 degrees latitude). An in-
dication of this cause is an increase in
the geomagnetic K (greater than 4)
and A (greater than 30} indices, also
broadcast from WWV.

On any propagation path, absorp-
tion increases with the number of tran-
sits of the D region and also varies in-
versely with frequency. Therefore in
working DX it pays to use the higher
frequency bands to obtain more dis-
tance per hop {resulting in fewer tran-
sits) and less signal loss. This is why
we generally think of 6, 10, or 15
meters for DXing. But in winter, we
have the opportunity to work DX on
the lower frequency bands with less
QRN and lower signal loss than at any
other time of the year.

Lower signal loss is something to
look forward to, but you can’t count
on it. Sometimes in winter, signals are
poor for several days at a time. This
is caused by anomalous absorption,
which will be discussed in next
month’s column.

last-minute forecast

The low HF bands, 160 through 30
meters, are expected to be the favored
bands of operation during the first two
weeks of November, with higher
bands providing the best DX during
the last two weeks of the month. The
solar radio flux should be about the
same as last year’s values, yet higher
than it’s been in the last month or two.
Some possibility of recurrent geomag-
netic storms still exists, with greatest
probability of occurrence on Novem-
ber 4, 9, 14, 18, and 28. Remember:
even though disturbances affect signal

strength and produce fading condi-
tions for some paths, conditions on
other paths may actually improve.

November is the month during
which numerous meteor showers oc-
cur. Shower activity should begin on
October 26 and last until November 22.
A shower maximum of ten per hour is
expected during the Taurids meteor
shower from the 3rd through the 10th.
Lunar perigee is on the 20th; full moon
is the 8th.

A total eclipse of the sun will occur
on November 22 and 23 in the south
Pacific, starting at 2013 UT in the
Philippines and New Zealand, travel-
ing east to Antarctica, and ending at
0133 UT. You might want to schedule
some contacts with ZL and KC4 land
for some unusual DX.

band-by-band summary

Ten, fifteen, and twenty meters will be
open from morning to early evening al-
most every day, and to most areas of
the world. The openings on the higher
of these bands will be shorter and will
occur closer to local noon. Transequa-
torial propagation on these bands will
more likely occur toward evening dur-
ing conditions of high solar flux and a
disturbed geomagnetic field. Absorp-
tion effects are not too noticeable.

Thirty and forty meters will be useful
almost 24 hours a day. Daytime con-
ditions will resemble those on 20
meters. Skip distances and signal
strength may decrease during midday
on those days that coincide with high
solar flux values. Nighttime DX will be
good except after days of very high
MUF conditions and the winter
anomaly. The usable distance is ex-
pected to be somewhat greater than
that achieved on 80 at night.

Eighty and one-sixty meters are the
nighttime DXer's bands. The bands
open just before sunset and last until
the sun comes up on the path of in-
terest. Except for daytime short-skip
signal strengths, high solar flux values
don't affect these bands much. The
anomaly will affect day and night sig-
nal strength on some days.

ham radio
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides the MUF during “normal” hours.

*Look at next higher band for possible openings.
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RADIO WAREHOUSE

Division of HARDIN Electronics

NO FRILLS—JUST LOW PRICES
CALL FOR SPECIAL PRICES ON—

KENWOOD YAESU

ICOM TEN-TEC

DAIWA METERS-KEYERS - AUDIO FILTERS
CUSHCRAFT LINE OF ANTENNAS

| CALL TOLL FREE o~
@ &)

1-800-433-3203 ==

INTEXAS CALL 817-496-9000
5635 EAST ROSEDALE

FT. WORTH, TEXAS 76112

V\g co°  ERIICOM] o, e

!5“ _ 4no,
: Ns

END OF SUMMER CLEARANCE IC-745 ur Base SUPER SAVINGS !!!
ontact us lor all ol your omatewr rodio needs.........

hamlronics: e

ICOM, AEA, LARSEN, VAN GORDEN, VIBROPLEX,
HIGH QUALITY MODULES FOR R e e v i e R
REPEATERS, LINKS, TELEMETRY, ETC. PROWRITER, ELEPHANT DISKS, RAMSEY ELECT
915 North Main Street Wictoun, o Youk's finasl  socatiur. radis doati !
Jamestown, New York 14701~ 2* PH.(716)664-6345

MICA COMMUNICATIONS CONSOLES

58 wWide

DEALER
INQUIRIES
ARE INVITED
»~ 128

FL:.h,nu"—.L coohing fan system -/
Break Wire duct wire labels etc
Communications

Systems, Inc.

5817 S W 21st Street Dept HRM « Hollywood Florida 33023
Phone (3051 989 2371
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DISTRIBUTORS
UNITED STATES

A-TECH
Kansas 913-582-5819

BROOKS (Franchise)
201-583-2800

CAYSON ELECT.

Mississippi 601-862-2132
DULANEY's

Oklahoma 405-528-0511
ECHOSPHERE

880-338-5477
800-521-9282

Sacramento, Ca.
Englewood, Co.

Dallas, Tx. 800-521-9282

Knoxville, Tn. 880-223-1507
HOOSIER
ELECTRONICS, INC.

Terre Haute, In.  800-457-3330
I.Z.C.C.

Arkansas 501-771-2800
KAUL-TRONICS

Wisconsin 608-647-8902
NAT'L MICRO DYNAMICS

Tennessee 615-892-3901
SATELLITE DATA

Florida 813-823-7669
SAT-VIEW DISTRIBUTORS

New York 315-822-6900

SATELLITE EARTH STATIONS

Louisiana 800-762-2110
Texas 512-385-0738
D.H. SATELLITE
T.V. INC.

Prairie Du Chien, Wi.
608-326-8406

S.R.C. INDUSTRIES
Ontario, Or. 503-889-7261

SATELLITE MARKETING
Douglasville, Ga. 800-438-2807

TENN-SAT
Tennessee

M & M VIDEO
Carson City, Nv.

CANADA

STARSCAN
Kelowna, B.C.

C.L. BLUE
Saskatoon, Sask. 306-242-5133

CANADIAN MICRO-TECH
Ontario

WESTERN and
EASTERN SATELLITE

v 233

415-349-7180

702-882-5786

604-763-4266

Tell ‘em you saw it in HAM RADIO!
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more
for a good deal
less

MANUFACTURED BY WESTERN & EASTERN SATELLITE
WESTERN SATELLITE EASTERN SATELLITE

916-337-6202 904-224-8965
Orders only — 800-243-3019
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SANTEC
presents

the smarter

FOR 144 VHF, 220 VHF & 440 UHF

THE HANDHELD TRANSCEVERS

© 1983, Encomm, Inc.
l 2000 Avenue G, Suite BOO, Plano, Texas 75074
Phone (214) 4230024 » TLX 79-4783 ENCOMM DAL

Repairs, Parts & Services Available ... [T5]
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SANTEC: the
ITEC models
pur SANTEC
franscevers.

SANTEC Handhelds just got a little smarter, with new com-
puter-control software designed by U.S. Hams who are also
professional programmers. Now SANTEC Handhelds, which
were the first to offer you varactor diode tuning in a hand-
held, first to offer you thick-film technology, first to provide
3.5W as a selectable handheld option and first to give you the
time of day on a handheld read-out, have made another user-
friendly leap forward in the logical progression of computer-
controlled handhelds.

Now three SANTEC Handhelds can lock out selected memory
channels from the memory scan, allowing you to check your
favorite frequencies much faster, without interruption from
less commonly used ones or from unprogrammed memory
channels. SANTEC Handheld'’s new operating programs now
allow you to store variable offset values in all 10 user-written
memory channels; and, as always with SANTEC Handhelds,
your stored offset automatically comes back when you select
a channel through the memory mode, and the plus or minus
indication shows on the LCD display.

Other new features are the provision in Memory 9 for split
memory offset operation, for those really unusual offset situa-
tions, and the capacity for hardware storage of a special PL
tone for each memory channel (requires an optional
encoder, available December, 1983). The new SANTEC Hand-
helds will also accept the keyboard input of all frequencies as
either short, fast 4-digit numbers or the familiar 6-digit ver-
sions: your SANTEC Handheld is smart enough to know what
you want, either way.

The handhelds with the most now have more for you. Don’t
you dare settle for anything less: get your hands on a SANTEC
Handheld today!

¢ . :E'ﬁ
= 3

The Smarter Handhelds, clockwise from upper left: ST-142 VHF Transceiver;
ST-442 UHF Transceiver; ST-222 VHF Transceiver, operating from the ST-4QC
Quick-Charge Battery Charger & Power Supply; SFLC Leather Case and
Strap; ST-MC Mobile Charger; M5-505 Remote Speaker; 5T-50083
Rechargeable 500 mAhr NiCd Battery Pack; ST-EC External Charge Adapter;
SM-3 Speaker Mic; STHA-1/HBM-1 Head Set Boom Mic & Adapter,




Joe's done it again — a column of interest
to HF'ers and VHF'ers alike. — Ed.

VHF/UHF WORLD

high dynamic range
receivers

Mention high dynamic range and
you'll really get a discussion going.
Everyone has a story and a solution.
We'd all like to believe that our re-
ceivers or transmitters are always
clean, and that any splatter or other
obnoxious noise has to be coming
from somebody else’s poor receiver or
dirty or overdriven linear amplifier.
Because all aspects of the situation,
both on the transmit and receive side,
are seldom separated, the problem is
rarely resolved.

A few years ago, after lots of arm-
twisting by Jim Stitt, WASONQ, |
tackled this dilemma. The main goal
was to improve Jim's 6-meter receiver
sufficiently so he could be sure it
wasn't the culprit in these situations.
Then his station could be more com-
petitive in the VHF contests and he'd
be able to operate alongside the strong
local transmitters — assuming they
were also clean {(more on this later).

The end product was a high dy-
namic range 6-meter receive converter
with an extra transmitter LO (local
oscillator) output. Since this month’s
ham radio emphasizes receivers, |
decided to discuss this subject in some
detail and examine some of the prob-
lems, limitations, and solutions for
such a design. Typical recommended
circuits for a 6-meter receive converter
will then be shown.

high dynamic range

What is high dynamic range? One
answer is that it describes transmitter
or receiver design that allows copying
weak DX signals in close proximity to

strong signals. It sounds simple
enough, but how strong is that local?
Let's assume that a big 6-meter station
is only 1 mile (1.6 km) distant and runs
the legal limit of 1.5 kW PEP output
through a feedline with a 1 dB loss to
a 10 dB gain antenna pointed at your
receiving antenna. If you're using a
dipole receiving antenna broadside to
this signal and have no feedline loss,
the signal at the input to your receiver
will be approximately 0 dBm or 1
milliwatt, about 130 dB above the
noise floor in a typical VHF receiver!
If you also have a 10 dB gain antenna,
the signal received {when aimed at this
source) will be +10 dBm (10 milli-
watts) — more power than is used for
the LO in most Amateur receivers! If
the distance between stations is doubl-
ed, the signal will drop by 6 dB but still
be quite respectable.

Recently | tested the dynamic range
of a well-designed Amateur 6-meter
converter that uses a single JFET
preamplifier and a standard level ( +7
dBm or 5 milliwatts) DBM (doubly-
balanced mixer). When two equal
signals of —20 dBm (23 millivolts or 10
microwatts) were present at the input
to the converter, spurious signals or
IMD (intermodulation distortion) were
generated and only 30 dB below the
desired outputs. This is hardly high
dynamic range! These spurs or IMD
products usually appear as sidebands
or additional signals spaced equally
above and below the normal signals by
the difference between the input fre-
quencies (see fig. 1). When the IMD
gets worse, additional spurs appear
alongside the first sidebands as is also
seen in the photo in fig. 1.

All is not lost. The antennas can be
part of the solution. If you use a direc-
tional antenna with a clean pattern,
moving your antenna back and forth
can place a null on a strong signal.’ If
overload is still present, one solution
is to place an attenuator at your
receiver input (more on this later); on
VHF, especially on 6 meters, where the
local ambient noise is usually high, the
weak signal will still be good copy
while the local (interfering signal) will
have been ““knocked’’ down.

is the receiver at fault?

Before proceeding, it may be worth
mentioning the transmitter. Typically
speaking, it would be desirable for all
Amateurs to transmit a clean signal.
But what is a clean transmitted signal?
Typical Amateur linears call for IMD
products to be at least 30 dB below the
desired signals. However, if the re-
ceived signal is 130 dB above the
noise, 30 dB IMD isn't going to be
much help 3 kHz from the other sta-
tion’s frequency. You'll just have to
QSY further away.

Therefore, before you accuse the
other station of ““hitting it too hard,”
perform one simple test. First observe
the splatter several kHz away on a
relative basis or on your receiver “S”’
meter. Next, place an appropriate at-
tenuator (10 dB recommended, see
fig. 2) at the input to your receiver or
converter (or use the internal attenua-
tor if one is an integral part of your
receiver) and then recheck the splat-
ter level. If the received level drops by
approximately the insertion loss of the
attenuator, the transmitter is the
culprit and the transmitting station is
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REF 10.0 dBm

12 dB/

28.106 MHz
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CENTER 28.13%1 M-z
RES Bw 10 kg
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YBw 19 wHgz

MR 29,106 M-z
~4.20 a@m
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|
|y R' " |
SPAN 1,000 M-y
Sw? 30 wmeec

fig. 1. A spectrum analyzer shows the 28 MHz (F output of a typical 6-meter converter as
described in the text. Input signals are approximately 50.1 and 50.2 MHz at — 20 dBm each.

either overdriving its equipment or
your frequency is just too close for
comfort. However, if the splatter drops
by more than the attenuator value (it
could be up to 3 times less!), your
receiver is surely part of the problem.
Assuming that the problem is the
receiver (maybe in some future column
we’'ll examine transmitter and power
amplifier requirements in greater de-
tail), there are design approaches that
will enhance receiver performance.

general receiver
design requirements

The old saw “If you can’t hear them,
you can’t work them” still applies to
high dynamic range receivers. Low
noise figure, sufficient RF selectivity to
reject images and undesired out of
band signals plus a clean local oscilla-
tor are still required.

In order to obtain low noise figure,
a preamplifier is usually required ahead
of the first mixer. Herein lies the prob-
lem. Any gain ahead of the mixer will
decrease the dynamic range. There-
fore, the preamplifier gain must be
kept as low as possible, consistent
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fig. 2. Typical 10 dB attenuator pads for
testing or improving the dynamic range
of a receiver.

with obtaining the desired noise figure.
The desired or total system noise
figure can be determined from:

NF (total) ~ NFI + (NF2—-1)/G1
+ (NF3-1)/GIG2, etc. (1)

where G is gain and NF is noise fac-

tor {a numeric-not dB) for each stage
in succession.

For example, a 3 dB noise figure
preamplifier with 9-10 dB of gain
feeding a mixer with a 10 dB noise
figure will yield an overall system noise
figure of less than 5 dB. Fortunately,
we can live with lower sensitivity
receivers, especially on 6 meters,
where a noise figure less than 5 to 10
dB is usually wasted since the typical
ambient noise is usually very high.” At
2 meters the problem is more acute,
but the level and number of signals are
usually somewhat less of a problem.
For the computer-minded Amateur, a
computer program is available for eq.
1 so that you can quickly iterate
various combinations of gain and noise
figure to determine your own optimum
case.? Before leaving the subject,
remember that a preamplifier must
have high output power capability in
order not to distort the signals prior to
the first mixer {more on this later).

For good performance you need
adequate RF selectivity ahead of the
mixer, which means additional losses
that further increase the noise figure.
Again, these losses can be handled (as
we shall soon see) by the proper
choice of RF filter characteristics and
by optimizing the location of the filters
in the receiver chain.

Let's not forget the choice of IF and
its effect on selectivity, images and
spurious responses. For 6 meters | per-
sonally favor a 28 MHz IF with a 22
MHz LO, rather than a 14 MHz IF with
the 36 MHz LO used on some of the
older converters. Spurious signal
analysis reveals that a 28 MHz IF is
slightly less susceptible to “'birdies.”’?
Also, a 28 MHz IF is far less likely to
respond to IF breakthrough. The lat-
ter term refers to leakage at the IF fre-
guency that permits normal signals in
this spectrum to also be received. The
20-meter band is a good example since
propagation yields signals of high in-
tensity, especially during the days
when 6 meters is hot. Although
10-meter IF breakthrough can be a

*Everything’s relative - Joe, who aiso operates 160
meters, would probably agree that in contrast, 6 meter
ambient noise is low - Editor



problem, the number and strength of
stations present is usually less,
especially below 28.3 MHz.

High dynamic range mixers that re-
quire moderate LO power (10-100 milli-
watts) are usually required. Also the
LO must be very clean with low phase
noise {(more on this later) and should
be followed by an amplifier to boost
the level high enough to adequately
drive the mixer. .

Finally, if the overall system noise
figure is to be realized, the mixer must
usually be followed by a low noise
figure postamplifier with a high
dynamic range. The IF receiver should
also have high dynamic range and a
moderate (10 dB or so) noise figure.

preamplifiers

Surely the preampilifier is one of the
most important aspects of a good
receiver. However, obtaining high
dynamic range and low noise figure
simultaneously and with a reasonable
input and output VSWR is difficult.
Devices (transistor, FET, etc.) with low
inherent noise figure are common.
However, increasing preamplifier
dynamic range usually requires in-
creased device current or a device with
greater current-carrying capacity. This,
in turn, usually increases the noise
figure and the overall gain, the exact
opposite of the desired effect!

Before discussing different pre-
amplifiers in detail, it may be well to
mention the subject of the linearity in
an active device. Just because an am-
plifier is operated in class “A’’ doesn’t
mean it is free from distortion. Every
amplifier, regardless of its type and
power, has a point beyond which the
output signal will no longer be an ex-
act replica of the input signal. Hence
distortion will occur.

Over the years various methods
have been devised to measure distor-
tion. The most frequently used test is
for 1 dB compression. This is defined
as the CW power level where the out-
put signal increases 9 dB for an input
power increase of 10 dB. Most class
"A’" amplifiers can only increase out-
put power by 2-6 dB beyond this level,
as shown in fig. 3. Amplifiers often are
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fig. 3. A high dynamic range preamplifier
{fig. 6} input versus output level response
with typical IMD levels and compression
levels.

heavily distorting a signal 5-10 dB
before it reaches compression levels;
consequently, this is not a good point
for referencing distortion. Further-
more, some devices are more non-
linear than others, especially when ap-
proaching the compression point.

In 1967, McVay wrote his classic ref-
erence paper on the third-order in-
tercept point, a new method of
measuring dynamic range.* Basically,
what this method does is to determine
distortion based on a two-signal IMD
test performed in a similar manner to
that used to specify single sideband
linear amplifiers. The third-order in-
tercept point is then determined either
mathematically or by use of nomo-
graph (see fig. 3). The distortion can
then be calculated or read off the
nomograph for any power level on any
device if the third-order intercept point
is known. Suitable nomographs are
available in reference 4 and from most
commercial amplifier manufacturers.

In most of the work | have done on
high dynamic range, | have used the
intercept point test method. Several
things are immediately apparent. The
IMD products increase at three times
the rate of the desired output signal

level change. Hence, the ratio between
the output signal level and distortion
will change on a 2 for 1 basis. For ex-
ample, if the IMD products from two
equal level signals are 60 dB below the
desired output signal level and the
signal level is increased by 1 dB, the
IMD products will now be only 58 dB
below the desired output level. A 10
dB input signal increase will decrease
the IMD difference by 20 dB. This can
be seen graphically in fig. 3. There-
fore, once IMD becomes apparent, it
will usually degrade very rapidly, per-
haps even on a greater than 2-to-1
basis, with increased signal level! This
is common on many active devices
whenever the IMD is less than 60 dB
below the output levels.

A search was launched for the ideal
preamplifier. First a low-gain (12-13
dB) grounded-gate J310 JFET pream-
plifier was designed (after all, FETs are
supposed to have such great dynamic
range and low noise figures). The re-
sults were fair. On a typical circuit the
output compression point was + 14
dBm (250 milliwatts). The IMD was
down 60 dB for —-3.5 dBm (0.45
milliwatts) output per signal for an out-
put third-order intercept point of
+26.5 dBm (450 milliwatts). However,
the noise figure was over 4 dB with no
input matching. When input noise
figure matching was added, the gain
increased and the input impedance
match degraded — both detrimental to
the desired results. Also, the overall
selectivity for this preamplifier was in-
adequate for the final converter.

Before proceeding with the next
preamplifier design, some re-examina-
tion was in order. Previous experience
with modular circuits led to the con-
clusion that in a high dynamic range
receiver all circuits should have good
input and output VSWR ata common
impedance such as 50 ohms.® This
would allow easy interchange between
filters, amplifiers, mixers, and LOs, as
well as facilitate any future improve-
ments or changes, especially when
new or improved devices became
available.

With this in mind, the search for a
low-noise high dynamic range pre-
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fig. 4. A high dynamic range 14 dB
gain preamplifier using RF feedback for
wide bandwidth. (See text for complete
specifications.)

for —60 dB IMD were —4 dBm (0.4
milliwatts) for an output intercept point
of +26 dBm (400 milliwatts). Higher
output power could be obtained with
still higher l.. Unfortunately, when
high feedback and high I; are used,
the noise figure also increases. In this
case the noise figure was already
about 4 dB for an I of 26 mA. Adding
more current or a 4:1 output trans-
former would have resulted in an
undesirable increased noise figure and
equally undesirable increased gain.
Not being totally content with this
amplifier, | tried one of the less expen-
sive (approximately $8.25 each) broad-
band hybrid amplifiers, a Motorola
MWA 130, which exhibitsa + 13 dBm
{95 milliwatts) compression point. For
60 dB IMD, the outputs were +4.77

fig. 5. A spectrum analyzer photograph of the output of the high dynamic range amplifier
{fig. 6.) with two equal fevel input signals at approximately 50.1 and 50.2 MHz at
0 dBm each.

amplifier with good input and output
VSWR began. A preamplifier was de-
signed around the 2N5109 transistor,
a CATV favorite, using shunt and
series feedback to obtain a matched in-
put and output impedance (fig. 4).
The VSWR was less than 1.5:1 from
1 to 70 MHz range while the IMD was
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acceptable but only with high {25 mA)
I {collector current). Typical outputs
dBm (3 milliwatts) for an output in-
tercept point of +34.8 dBm (3 watts),
a substantial improvement over the
home-brew circuit. However, the cur-
rent drain was 60 mA and the noise
figure was about 6.5 dB at 50 MHz,

similar to the performance of the
2N5109 circuit just described, when its
current was raised to the same level.
Also, the gain — over 15 dB — was
too high for this application.

| finally tested one of my favorite
preamplifiers, a single transformer
lossless feedback type using a com-
mon base circuit similar to the one
designed by Norton.® Although it is
more complex to construct, the results
are well worth the effort. Using a
medium gain (9 dB) configuration, the
output power and IMD were outstan-
ding, provided the emitter current was
moderate (17 mA). Output compres-
sion was typically +20 dBm (100
milliwatts). IMD was down 60 dB for
+9 dBm (8 milliwatts) output, for an
output intercept point of +39 dBm (8
watts)! The typical IMD versus input
and output for this circuit is shown in
fig. 3 and a typical two-tone spectrum
display is shown in fig. 5. As a bonus,
if the preamplifier is properly con-
structed, the bandwidth is greater than
1.8 to 200 MHz with a 2:1 maximum
VSWR and 10-150 MHz for a 1.2:1
VSWRI! Truly this was the circuit | was
searching for (fig. 6).

A big key to the success of a high
dynamic range preamplifier is the type
of transistor chosen. Many RF devices
will work well but not always have the
same noise figure, bandwidth, or IMD.
In the lossless feedback case, the noise
figure was typically 1.5 to 2 dB max-
imum when using the NEC NE41632B
transistor, but a 2N5109 had a noise
figure of 2.5 to 3 dB in the same cir-
cuit. In addition, previous work show-
ed that the most linear transistors were
those which were specifically design-
ed for CATV and class A" linear
operation with a very constant DC cur-
rent gain (hy,) over a wide range of
collector current. In the CATV busi-
ness, which is particularly interested in
IMD, these devices are frequently re-
ferred to as large area multiple emitter
structures. The NE41632B and the
2N5109 are both included in this cate-
gory. (For those who do not have easy
access to the NE41632B transistor or
the balun core shown in fig. 6B, | have
made arrangements for PROTO-FAB,



74 Wedgemere Drive, Lowell, Massa-
chusetts 01852, to provide them at a
nominal cost. Write them for price and
delivery information.)

Caution: This circuit has been
modified and has a higher dynamic
range than the original Norton circuit.
However, his original circuit is
patented (U.S.Patent No. 3,891,934,
issued June 24, 1975, to David E. Nor-
ton and Allen F. Podell). Therefore,
any attempt to duplicate this circuit for
profit may violate the rights held by the
Anzac Division of Adams Russell, Inc.

RF filtering

It goes without saying that high
dynamic range cannot be obtained if
spurious frequencies or high power
out-of-band signals are present in the
receiver. Hence RF filtering is very im-
portant. It was pointed out in a prior
article that the type of input filtering
chosen can lessen the chances of
destruction from HF signals or light-
ning entering the first preamplifier of
a receiver.®

In my August column | discussed
the problems of multiple pole filtering
such as VSWR distortion and increas-
ed losses. Hence it was decided to use
a simple low-loss single pole bandpass
filter with a pseudo-highpass response
at the input to the receiver.” In this
case a 5 MHz bandwidth was chosen
because it would allow reception of 48
MHz European video carriers as well as
52 MHz VK/ZL. DX with little degrada-
tion at either frequency, but still reject
other services. This filter has a nominal
insertion loss of 0.75 dB, less than a
multi-section type. The schematic is
shown in fig. 7, with its typical fre-
quency response in fig. 8. The input
filter chosen doesn’t have sufficient
out-of-band rejection by itself. Hence
a post filter (fig. 9) with the same
bandwidth (6 MHz) but higher inser-
tion loss (2 dB typical) is required. Its
frequency response is shown in fig.
10. The filter topography may be
somewhat new; it was developed by
this author and William K. Talley while
at the Mitre Corporation in an effort to
obtain a symmetrical attenuation ver-
sus frequency response.” This filter
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fig. 6A. A low-noise wide bandwidth high dynamic range preamplifier using transformer
coupled lossless feedback. (See text for further specifications.)

design is available in computer-aided
design form in reference 2. Since this
filter is placed after the preamplifier,
the loss has a minimal impact on
overall system noise figure. As a
bonus, the extra insertion loss of the
filter will improve the overall system
dynamic range accordingly.

mixers

In prior work | had experienced poor
dynamic range with the more common
Amateur type of mixers such as dual-
gate MOSFETs and single-ended bi-
polar and JFET mixers. However, de-
spite conversion loss, DBMs have al-
ways performed very well in my circuit
designs.®282 Hence, when striving for
high dynamic range, | decided from
my prior experience that DBMs “‘are
the only way to fly.”” They are easy to
drive with a reasonable 50-ohm impe-
dance match at all ports, a goal stated
earlier. Also, because of their balanced
structure, they tend to cancel any AM
present on the local oscillator, a prob-
lem which is particularly prevalent if
phase-locked LOs are used.

However, when striving for high dy-
namic range, DBMs must be treated
properly. Attenuator pads on the RF
and LO ports are a must to terminate
undesired mixer generated products
and the LO as well as to terminate any

M O

Construction details.

1. Fust wind one complete turn of No. 32 AWG enameled wire through the

balun core from point A to

2 Wind three complete turns of the same wire from point C to D. To aid in
when the is place a small knot in the

wire at starting point C

3 Wind § complete turns of the same wire {rom points D to .

4. Strip end points D. twist together. and solder

5. Strip and tin the remaining wires and connect them to the proper point in the

circuit. To prevent connecting the transformer incorrectly, leave the small knot on

the B+ lead intact until the final wires are soldered in piace.

fig. 6B. Balun core is available from
PROTO-FAB, 74 Wedgemere Drive,
Lowell, Massachusetts 01852, at nominal
cost.
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item description
C1  2-20 pF variable capacitor.

L1  approximately 0.28 uH. 9 turns No. 24 AWG enameled wire on
Micrometals type T50-10 or equivalent toroid.

fig. 7. A recommended input filter for a
6-meter high dynamic range receive con-
verter. (See text for specifications.)
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fig. 8. The attenuation-versus-frequency response of the bandpass filter shown in
fig. 7.
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item description

I

€123 2-20 pF trimmer capacitor.
£1,23 approximately 0.42 LH inductor. 11 turns of No. 24 AWG
enameled wire on Micrometals type T50-10 or equivalent toroid.

fig. 9. A recommended three-section bandpass filter for a 6-meter receive converter.
(See text for specifications.}

L

21

-0

-20

-30

d8 DOWN

-40

~-s0

FREQUENCY IN MHz
fig. 10. The attenuation-versus frequency response of the 6-meter bandpass filter shown
in fig. 9.
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in-line filters in their proper impe-
dances.® Likewise, a diplexer should be
added to the IF output port if low IMD
is to be maintained.®°

Many DBMs were tested, with the
Mini-Circuits Labs TAK-1H selected as
the best overall mixer on a cost-versus-
performance basis. For comparison,
some of the data taken on this and
some other popular DBMs are
summed up on table 1. The final cir-
cuit using the TAK-1H is shown in fig.
11. This mixer requires higher LO
power (+17 dBm or 50 milliwatts)
than the more common DBMs usual-
ly seen in Amateur equipment, but this
is a definite need if high dynamic range
is to be obtained. Due to the 3 dB pad
on the LO port of the DBM, the LO
power required by the overall circuit in
fig. 11 is +20 dBm (100 milliwatts).
The RF and LO bandwidth are 2 to 500
MHz. Hence, this circuit has consid-
erably more capability than meets the
eye.

A few final remarks on DBMs are in
order. Aithough the so-called high dy-
namic range mixers (those specified
for use with + 17 dBm or 50 milliwatts
LO), are recommended, the typical
DBMs specified with a +7 dBm (5
milliwatts) LO can be used, but with
5 to 10 dB fower LO and dynamic
range. Sometimes DBMs are not read-
ily available in single quantity. This can
often be handled by getting a group of
persons together to buy the minimum
quantity. PROTO-FAB, as mentioned
earlier, has also agreed to make the
TAK-1H DBM available at a reasonable
price. Finally, many DBMs are now
showing up at flea markets at some
pretty good prices, so shop around.
You may not find the exact DBM de-
sired but you may be willing to accept
slightly lower performance as a com-
promise. If you adopt the modular ap-
proach suggested, it will be easy to
upgrade performance at a later date.

local oscillators

My favorite crystal oscillator is the
overtone Colpitts.®® The frequency of
the LO is determined by the IF chosen,
as discussed above. It has great stabil-
ity and low phase noise, a requirement



table 1. Typical measured data on commonly used DBMs. Input signals are at 50, LO at 22, and IF at 28 MHz.
input output
LO compression intercept approximate

type (dBm) (dBm) {dBm) cost quantity
SBL-1 +7 +2 +14 4.50 {10-49)
MD-108 +7 +4 +16 14.00 (1-5)
SRA-1 +7 +4 +16 11.95 (1-49)
SRA-1H +17 +12 +225 17.95 (5-24)
MHP-106 +17 +13 +22.5 45.00 {1-5)
TAK-1H +17 +16 +28 19.95 {5-24)
MD-139 +20 +17.5 +29 115.00 (1-5)
RAY-3 +23 +16.5 +24 34.95 (4-9)
SAY-1 +23 +20 +32.5 54.95 (1-9)
VAY-1 +27 +24 +36.5 74.95 (1-9)

of any high-performance receiver.

Phase noise, caused by poor design in M

the phase lock loops employed, is e P AL

typically poor in many of the trans- \ K

ceivers presently available. Phase noise A - 8 ] o

generates noise on the LO, which, in

turn, causes strong signals to be heard 300 0 H J"%H{ 00 200

several kHz away. z 2

As shown in reference 8, the output ,L /L

of this LO is only about + 10 dBm (10 s 3

milliwatts). Therefore, an amplifier is Vi OIPLEXER

required if a high level DBM is used. NS ;'

It was decided not to fight the class

“'C"” type of amplifier, but to go class 51 5/ - oureuT

“A"” because there would be improved e description

linearity and less possibility of gen- c1,2 for 14 MHz IF, 220 pF

erating LO noise. Since design of the L1,2 :g: ?3 m ;i lgﬂ,ﬁikwe,y 0.50 uH, 12 turns of No. 24 AWG on ng cz

2N5109 feedback amplifier had already 'Atl)l’c;%m;'t:zls'FTS:‘;;?DZ(;::::J; :?Z.lg?ﬁ’l?’y'lums of No. 24 AWG on 1

. . Micrometals type T50-10 or equivalent toroid.

been completed (fig. 4), the bias M1 Mini-Circuits TAK-1H DBM or equivalent. (See text for suppliers.)

values were modified slightly for use e

?oswt-’;easic:ilf:?flc:;ce);;/eg tsl;rlrs\pzlziz)l/lgei fig. 11. Recommended DBM circuit for a hig.h_ c:lynamic range receiving converter with

a 14 or 28 MHz IF. (See text for full capabilities.)
to keep any harmonics from reaching

the mixer circuitry.”

When the preliminary design was
completed for WABONQ, it was decid-
ed to take the LO output through a
two-way power splitter for use on both
the receive and transmit mixer. This
was more power than required by the
transmit mixer, and also dropped the
output power substantially on the re-
ceive side. So a unigue connection
was made at the output of the oscilla-
tor in conjunction with the attenuator
usually used at this point.? The result
is a secondary output sufficient to
drive a standard level DBM ( + 7 dBm}
in a transverter similar to those designs
in reference 9. If this output is not
needed, terminate it with 51 ohms for

possible future use and to insure that
the oscillator is seeing the proper
match. The final LO schematic is
shown in fig. 12 and delivers +20
dBm (100 milliwatts) at the output con-
nector, the power required by the mix-
er circuit in fig. 11.

postamplification

As already stated, the DBM type of
mixer has conversion loss and, there-
fore, must be followed by a low-noise
postamplifier if the system noise figure
is to be preserved. The signal levels at
this point are about equal to those
present at the input to the preamplifier.

Therefore, the preamplifier already
used is an excellent candidate for this
amplifier since it has a good impe-
dance match, low noise figure and
high dynamic range. This is also a rec-
ommended circuit for HF, 10-meter
OSCAR reception, interface with ex-
isting VHF/UHF converters, or other
applications where moderate gain, low
noise figure and high dynamic range
are required over a broad bandwidth.
In my shack, | have a DPDT coax
switch which allows me to bypass the
postamplifier when strong signals are
present, thereby increasing dynamic
range. — Y- »
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mode crystal mode crystal
8 volt, 3 terminal regulatar. 78L08 or equivalent

L4 6.8 .M AF choke
Q1 2N2222 transistor
Q2 2N5109 transistor

(Use a small gear-type heat sink on 02)
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OUTPUT TO TRANSMITTER MIXER (SEE TEXT)
item 22 MHz (28 MHz IF) 36 MHz (14 MHz IF)
ct 50 pf 24 pF
cz 200 pF 100 pF
c3 33 pf 20 pF
C4.C6 150 pF 100 pF
cs 300 pF 200 pF
L1 71 turns No. 24 on 150-10 toraid 9 turns No. 24 on T50-10 toroid
L2.L3 10 turns No. 24 on T50-10 forord & turns No. 24 on T150-10 toroid
Xt 22 MRz third overlone series 36 MHz third overtone series

fig. 12. Recommended 22 or 36 MHz LO for a 6-meter high dynamic range receive converter. {See text for output levels.)

IF requirements

At this point it must be obvious that
the converter presented has to be fol-
lowed by a high dynamic range IF re-
ceiver if the true capabilities are to be
realized. Bypassing the postamplifier
or inserting an adjustable attenuator
after the receive converter can also
help improve dynamic range, but the
ultimate limits will probably be limited
by the IF receiver. Fortunately, the
commercial manufacturers are improv-
ing the HF gear that is now being mar-
keted. Furthermore, a converter of the
type just described, in conjunction
with one of the more modern HF re-
ceivers, will definitely outperform any
presently available equipment that is
solely devoted to the VHF or UHF
spectrum.

construction

The 6-meter converter was designed
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using a modular approach.® The final
block diagram is shown in fig. 13.
Each circuit was placed in a cast alu-
minum box such as the Pomona 2417,
Bud CU 123/124 or equivalent with
BNC type input/output connectors

and feedthrough-type capacitors on
the power supply lines. Each box has
a piece of double-clad PC board at-
tached to the cover for point-to-point
wiring and grounded, as previously
discussed in reference 8. The final

INPUT -
INFUT 8.p - PRE - 8.p. MIXER POST - iF
’ FIL’TE'R A" AMPLIFIER FILTER OIPLEXER AMPLIFIER ouTPUT
+20d8Bm (100 MILLIWATTS)
L.O
b——————O +7d8m TO TRANSMITTER MIXER
Qr 2N5109 or equivalent.

fig. 13. Overall block diagram of a recommended high dynamic range 6-meter converter.




result is a versatile unit with no ap-
parent RF pickup or interaction be-
tween modules.

Construction of the circuits is quite
straightforward. Leads should be kept
short, especially on the filters. High-
quality trimmers with low lead induc-
tance such as the ceramic, mylar, or
teflon types should be used. The trans-
former construction hints (fig. 6B) for
the preamplifier should be followed
carefully and the leads on the capaci-
tors, especially on the base bypass,
should be kept as short as possible. If
a different DBM is used, check the pin
designations as some manufacturers
use different pin-outs.

tune-up and performance

Very little tuning is required. The in-
put filter can be easily aligned by tun-
ing for maximum signal at 50.1 MHz.
The second filter may require more ef-
fort. It is best tuned with a sweep set-
up. However, on the tests | conduct-
ed, it was very close to nominal if all
capacitors are tuned for maximum sig-
nal at 50 MHz in a matched test setup
and then inserted in the chain. All the
LO requires is to be tuned for maxi-
mum output. Properly aligned, the
converter described has typically a 5
MHz bandwidth, a gain of about 4 to
6 dB and a noise figure less than 6 dB.

future designs

The state of the art is constantly im-
proving. If a modular approach is used
on this receive converter, new or im-
proved circuits can be easily added or
changed as prices decrease or parts
become available. If you don’t change
the IF frequency, you’ll probably never
have to build another LO. If a lower LO
power is required, just add an appro-
priate attenuator on the output. Higher
dynamic range mixers are slowly de-
creasing in price while increasing in
performance. Table 1 can be used as
a guide to selection of DBMs.

Finally, our IF receivers must be im-
proved, especially on dynamic range
and phase noise. Ultimately, | think
that the best receiver will be one that
uses a high dynamic range converter
directly feeding a narrow bandwidth
crystal filter. However, this will require

a variable LO and some additional
design to prevent phase noise and
birdies.

Again, | have rambled on and writ-
ten a more lengthy column than | in-
tended. However, | feel that the
material presented is broad enough in
scope and should be worthwhile re-
gardless of frequency. As stated
earlier, even using more conventional
circuits such as standard level DBMs
and JFETs, a substantial improvement
can be made over most existing re-
ceive converters. After all, the prin-
ciples discussed are usable at any fre-
quency if time and money are no
object!

| hope this material will encourage
you and others to try to improve re-
ceiver dynamic range and thereby
make life more enjoyable. The cost to
build such a high dynamic range re-
ceive converter is really not that much
more than that of a conventional con-
verter. If the dynamic range of the
receive circuits is improved, transmit-
ters can be evaluated more effective-
ly. Who knows, you too may find a
way to improve these circuits! (Is there
any interest in designs for higher
bands?)
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important VHF/UHF events

in November, 1984

November 2: 0330 UTC, predicted
peak of Taurids
meteor shower

2100 UTC, predicted
peak of Leonids
meteor shower

EME perigee

November 16:

November 21:

e

ham radio

808 N. Main Street e Evansville, IN 47711

®NEW IC-02A/T

ICOM’s new
IC-02A/T represents

the latest in state-of-
the-art handheld ra-
dios. The IC-02AIT
uses a microproces-
ser to control this ra-
dio. The IC-02A/T will
scan, has 10 memor-
ies, stores offset fre-
quency In memory,
has keyboard selectable PL tones
and an internal lithium battery
memory back up.

Uses IC-2 series accessories.
Standard 3 watts or 5 watts with
optional high power battery pack.

Call Ham Shack today for more information
and your price on this and the rest of the
ICOM radho line

| == (812)422-023189___|

SAY YOU SAWIT
IN

HAM RADIO
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NAMPA
SATELLITE SYSTEMS

312 12th Ave. So.
Nampa, Idaho 83651
(208) 466-6727
1-800-654-0795

IN HOUSTON, TEXAS
(713) 957-5140
1-800-521-8300

PLUG-IN CONTROL BOARD

3 DIGIT LED READOUT

MANUAL EAST-WEST CONTROL
RESET TO -000

36 VOLT DC MOTOR

125" CONTROL CABLE

ZINC PLATED FINISH

COMPLETE UNIT

$250.00

Control your dish from your
living room . . . rain or shine.

.

NSS PB3
MOTOR DRIVE

CONTROL
CONSOLE ONLY

$150.00

CONTROL CONSOLE
ONLY (in kit form)

- 191

RTTY TODAY

MODERN GUIDE TO
AMATEUR RADIOTELETYPE
by Dave Ingram, K4TWJ

This brand new book 1s the only RTTY handbook available that covers
all facets of RTTY operation from the “‘green key' generation to per
sonal computers. Author Dave Ingram. KATWJ, noted RTTY enthusiast
writes in a personable, easy-to-understand style that will appeal to all
levels of RTTY interest. RTTY TODAY is fully illustrated with photos
diagrams, RTTY station set ups and equipment to help ensure full under
standing of the material. 11 chapters cover: an overview of RTTY opera
tion, operating parameters, home computers, equipment you can build
dedicated systems and complete chapters on RTTY  SWLing with
frequencies, codes and other helptul hints and tips. Old time RTTY users
and novices alike will find this book extremely useful. - 1984

95 illustrations. 1st edition 8% x 11 $ 95
8 plus $1 75 shipping

UNIVERSAL ELECTRONICS

4555 Groves Rd. = Suite 3  Columbus, OH 43232
(614) 866-4605

Dealer Inquines Invited

Order yours today

o 224

ey T TR S et te yo!
PC. BOARDS | o socent
29 3110-29 700 MHz in 10 kHz Steps. 100 ks Repeater Sphit provided “N-D ART SERVICES your product from
AW RF Oul 03 .V lor 12 dfl Sinad. c/w Mic mmle cradie eic FACE DfO'IO 'IYDQS 1o
PLATES ﬁ production,
-
ENCLOSURES s addd
WRITE OR CALL Columbia, TN 38401
: . For Literature or Quotes (615) 381-1143
VISA CARD AR POST

PHEPAID
WORLOWIDE » 154

MASTER CARD
|.M.O. DRAFT

$.M.C. Ltd., Totton, Southampton, S04 4DP, U.K.
v 215
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JRS
Distributors

646 W. Market Street
York, PA 17404
(717) 854-8624

Friendly

Personalized Service

Full Line of
Amateur Radio Equipment.
Factory Authorized
Kenwood and ICOM dealer.
Call us today
Jim, K3JFL Jean K3OAU

Dale, KA3KOL v 173

VIC 20 & C64 USERS

A Powerful MSO!

Now you can own your own M50! Your computer and
any interface plus our menu driven, machine lan-
guage Radio Bulletin Board Service software will give
you and your MSO users a powerful mailbox with the
following features

® Read, write & delete messages

® List a directory of all messages

® Scan directory of messages

® User selectable baud rates

& Automatic date and time keeping

* Automatic time out feature

o Automatic I1D of your call

* Automatic indication of memory used

» 3 modes - MSO, SYSOP & Direct RTTY

* Works with or without disk drive

» Specifically for VIC 20 (8 k min) or C64
Sottware package includes — manual. program dis-
kette or cassette and interface cable

$49.95 plus $1.90 postage
{Kantronics interfaces add $5 00)
Ph. (818) 957-7550
Vid-Com
Communication
3131 Foothill Bivd., #H - La Crescenta, CA 91214

- 228

SANTEC handhelds

sT-142 25Q00

Free $9.95 Mob. Quick Charge Cable
ST-222 H/T (220 mHz) . .. . $279
ST-442 H/T (440 mHz) .. .. 3285
LS-202 (2-M FM/SSB-H/T) $229

(@ KD DK
n 00
e 265
FM-4033 (220-mHz). . .. .. $329
FM-6033 (6-Meters)..... $279
FM-7033 (440-mHz)...... $329

FREE UPS Brown Shipping-Add $1.65 for COD
N.C.Res. Add 4' ;% Sales Tax. Sorry No Cards.

! The Nation's Laraest Moil Order Santec Dealer

ILLIAMS RADIO SALES

600 LAKEDALE ROAD, DEPT. H
COLFAX, N.C. 27235 v 234
(719) 993-5881 Noon to 10 P.M. EST

Tell ‘'em you saw it in HAM RADIO!



TWO LOCATIONS TO SERVE YOU

In Idaho In Texas
312 12th Ave. So. 6012 W. 34th St.
Nampa, Idaho 83651 Houston, Texas 77092
(208) 466-6727 (713) 957-5140

dIlpd

Complete Satellite
Television SYStemS

DOWNLINK SIGNAL — W i
RECEIVING ANTENNA — e )
-— GEOSTATIO

S
— ATELLITE

LOW NOISE
__ AMPLIFIER

FEED ASSEMBLY

TV RECEIVER
/own CONVERTER  RECEIVER L
)o

—‘_—_‘ - I | 560 O

NSS PB 3 MOTORDRIVE

—

Consists of:
3 Wilson YM 1000, 100° LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed Assembly, All
— t — E Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions  tocal $ 1628

WILSON YM1000 SYSTEM )

37 OPTIONS WITH SYSTEM
9 ft. Wilson Mesh ADD . . . $100
NSS Memory Tracker ADD .$100
YM1000 \ 1 O fr. Prodelin ADD $400 | | ft. Radarmesh dish ADD . $250

LUy - ' "
=3 (o WILSON YM400 SYSTEM )

Wilson YM400, 100° LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed Assembly, All
Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions  Toeal SI 393

OPTIONS WITH SYSTEM

9 ft. Wilson Mesh ADD $100
NSS Memory Tracker ADD $100
¥ 10 fr. Prodelin ADD $400 | 1 fr. Radarmesh dish ADD  $250
© - Call Toll Free
” &é‘ Nampa, Idaho Houston, Texas
e 1-800-654-0795 1-800-521-8300

NSS PB3 Motor Drive,



A, The T BU%

“FOLD-OVER”
TOWERS

I EASE OF INSTALLATION

ROHN " Fold-Over" Towers are quickly and
easily installed. The “Fold-Over” is safe
and easy to service.

B AoapTABILITY

ROHN has several sizes lo fit your applica-
tions or you can purchase the “'Fold-Over"”
components to conver! your AOHN lower
into a “*Fold-Dver"".

Il HOT DIP GALVANIZED
All ROHN towers are hot dip galvanized
after labrication.

Il REPUTATION
ROHN is one of the leading tower manufac-
turers, with over 25 years of experience.

Write today for complete details.

JUALITY STEEL PRODUCTS BY

ROHN

Box 2000 Peoria, lllinois 61656
U.S.A.
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the half-wave
transmission line
in bridge measurements
With the increasing availability of in-
expensive, accurate RF impedance
bridges, Amateurs are discovering
how useful such a bridge can be in
building and understanding antenna
systems. However, unless bridge
measurements are taken directly at the
antenna, which is generally imprac-
tical, the effect of line length has to be
taken into consideration when making
calculations to determine the actual
antenna impedance. This can be ac-
complished rigorously (by exact math-
ematical solution)' or in this case,
simplified as in eq. 1. The transmission
line is considered lossless, which for

short lines is a valid assumption.
Zm - fzf: tan ¢

Z"‘Nr = zl) = jzm tan ¢ * Z” {1}

antenna impedance

where 2,4 NT

Z,, = transmission line
impedance
measured at bridge
terminals

Zs = characteristic
transmission line
impedance

¢ = electrical length of
transmission line in
degrees

Now as everyone knows, regardless
of the antenna or transmission line im-
pedance, measurements made in mul-
tiple half-wavelengths repeat — i.e.
the same value is seen regardless of
whether measurements are taken di-

rectly at the antenna terminals or at
an electrical half-wavelength along a
transmission line. This is where | got
into trouble. | measured the antenna
impedance through a transmission line
that was exactly one-half wavelength
(180 degrees) at 3.75 MHz. Then | per-
formed the same measurement (of the
antenna) at 4.0 MHz without chang-
ing the transmission line length. How
much difference could that make?

First off, my 180 degree half wave-
length line at 3.75 MHz is actually
(4.0)(180)/3.75 = 192 degrees elec-
trical length at 4.0 MHz. And my
measured impedance at the end of the
line at 4 MHz was 175 + j 100 ohms
impedance.

Substituting the values in eq. 1, |
found:

175 + 4100 ()50)(0.213) .

(50
50 — (175 + j100)(0.213) ;

Zant
ZANT 70.8 + 4 99.7 ohms impedance

Well, my bridge had measured
175 + j 100 ohms, and my true calcu-
lated antenna impedance actually was
70.8 + j 99.7 ohms! That's really a
large difference, and yet the electrical
length of the line was only 12 degrees
longer, or 6.7 percent longer.

So don’t be fooled as | was into
thinking that if you use an electrical
half wavelength line at mid-band, your
band end measurements will be close
unless you actually correct for the few
degrees as | first neglected to do.

Naturally, all antenna measurement
calculations could have been done
using a Smith chart, but to me the
equation shows the impedance rela-
tionships involved more clearly.

Although the example was given for
the 80-meter band, the same equation
can be used for other bands, either for
a band center half wavelength line, or
as a general equation for use with any
length of coax line, as long as you
know the electrical length. And after
| applied the technique just described,
my previously measured data was
much more meaningful.

reference

1. F.E. Terman, Radio Engineers Handbook, McGraw-
Hill, 1943, page 186. -
William Vissers, K4KI



ham _
radio

Reader Service

For literature or more information, locate
the Reader Service number at the bottom of
the ad, circle the appropriate number on
this card, affix postage and send to us.
We'll hustle your name and address to the
companies you're interested in

101 113 125 137 149 161 173 185 197 209 221 233 245 257 269 281 293 305 317 329 341
102 114 126 138 150 162 174 186 198 210 222 234 246 258 270 282 294 306 318 330 342
103 115 127 139 151 163 175 187 199 211 223 235 247 259 271 283 295 307 319 331 343
104 116 128 140 152 164 176 188 200 212 224 236 248 260 272 284 296 308 320 332 344
105 117 129 141 153 165 177 189 201 213 225 237 249 261 273 285 297 309 321 333 345
106 118 130 142 154 166 178 190 202 214 226 238 250 262 274 286 298 310 322 334 346
107 119 131 143 155 167 179 191 203 215 227 239 251 263 275 287 299 311 323 335 347
108 120 132 144 156 168 180 192 204 216 228 240 252 264 276 288 300 312 324 336 348
109 121 133 145 157 169 181 193 205 217 229 241 253 265 277 289 301 313 325 337 349
110 122 134 146 158 170 182 194 206 218 230 242 254 266 278 290 302 314 326 338 350
111 123 135 147 159 171 183 195 207 219 231 243 255 267 279 291 303 315 327 339
112 124 136 148 160 172 184 196 208 220 232 244 256 268 280 292 304 316 328 340
Limut 15 inquiries per request.
NAME CALL
ADDRESS
CITY STATE ZIP

Please use before December 31, 1984
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Regular SALE

HF Equipment
IC-740* 9-band 200w PEP xcvr w/mic$ 1099.00 899

*FREE PS-740 Internal Power Supply &
$50 Factory Rebate - until gone!

159.00 149*

PS-740 Internal power suppl-, ......

*EX-241 Marker unit,. 20.00
i 2 Erd VIR T T S ———— 39.00
*EX-243 Electronic keyer unit...... 50.00
*FL-45 500 Hz CW filter (Ist IF).... 5950
*FL-54 270 Hz CW filter (1st IF).... 47.50
*FL-52A 500 Hz CW filter (2nd IF) 9650 89
*FL-53A 250 Hz CW filter (2nd IF) 96.50 89
*FL-44A SSB filter (2nd IF) ........ 159.00 144%
SM-5 B.-pin electret desk microphone  39.00
HM-10 Scanning mobile microphone  39.50
MB-12 Mobile mount............... 19.50

*Options also for 1C-745 listed below
I1C-730 8-band 200w PEP xcvr w/mic $829.00 569**

FL-30 SSB filter (passband tunming) 59.50
FL-44A SSB filter (2nd IF) 159.00 144*
FL-45 500 Hz CW filter.. 59,50
EX-195 Marker unit. 39.00
EX-202 LDAnterface; F]U E‘KL ﬂHl 27.50
EX-203 150 Hz CW audio filter ...... 39.00
J EX-205 Transverter switching unit  29.00
SM-5 B-pinelectret desk microphone  39.00
HM-10 Scanning mobile microphone  39.50
MB-5 Mobile mount................ 19.50
IC-720A 9-band xcvr/.1-30 MHz rcvr §1349.00 899%
FL-32 500 Hz CW filter............. 59.50
FL-34 52 kHz AM filter ............ 49.50
SM-5 B-pin electret desk microphone  39.00
MB-5 Mabile mount................ 19.50

IC-745 9-band xcvr w/.1-30 Mhz rcvr $999.00 769

PS-35 Internal power supply.. 160.00 144*
CFJ-455K5 2.8 kHz wide SSB filter  4.00
HM-12 Hand microphone ...... . 3950
SM-6 Desk microphone ............ 39.00

*See 1C-740 list above for other options (*)

IC-751 9-band xcvr/.1-30 MHz revr $1399.00 1199

PS-35 Internal power supply....... 160.00 144%*

FL-32 500 Hz CW filter (st IF)..... 59.50
FL-63 250 Hz CW filter (1st IF)..... 4850
FL-52A 500 Hz CW filter (2nd If)... 96.50 B89%
FL-53A 250 Hz CW filter (2nd IF)... 96.50 B9*
L33 AR o oonnvninsmnmns 31.50
FL-70 2.8 Khz wide SSB filter...... 46.50
HM-12 Hand microphone .......... 39.50
SM-6 Desk microphone ............ 39.00
CR-64 High stability reference xtal 56.00
RC-10 External frequency controller  35.00
MEB-18 Mobile mount............... 19.50

Options: 720/730/740/745/751  Regular SALE

PS-15 20A external power supply..... $149.00 134%
EX-144 Adaptor for CF-1/PS-15....

6.50

Order Toll Free: 1-800-558-0411

Options - continued Regular SALE
CF-1 Cooling fan for PS-15......... 45.00
PS-20 20A switching ps w/speaker ... 229.00 199%
CC-1 Adapt. cable; HF radio/PS-20 10.00
CF-1 Cooling fan for PS-20............ 45.00
EX-310 Voice synth for 751, R-71A  39.95
SP-3 External base station speaker ... 4950
Speaker/Phone patch - specify radio 139.00 129*
BC-10A Memory back-up............. 8.50
EX-2 Relay box with marker .......... 34.00
AT-100 100w B-band automatic ant tuner 349.00 314%
AT-500 500w 9-band automatic ant tuner 449,00 399
MT-100 Manual antenna tuner........ 249.00 224%
AH-1 5-band mobile antenna w/tuner 289.00 259*
PS-30 Systems p/s w/cord, 6-pin plug 259.95 233
GC-4 World clock........coevvvernnnns 9995 94%

HF linear amplifier Regular SALE
IC-2KL w/ps 160-15m solid state amp 1795.00 1299
VHF/UHF base multi-modes Regular SALE
I1C-251A* 2m FM/SSB/CW transceiver $749.00 549%
*$50 Factory Rebate - until gone!
I1C-551D 80 Watt 6m transceiver, ... .. $699.00 599**

PS-20 20A switching ps w/speaker 229.00 199%

EX-106 FM option.........eevennes 125.00 112
BC-10A Memory back-up .......... 850
SM-2 Electret desk microphone .... 39.00

IC-271H 100w 2m FM/SSB/CW xcvr 899.00 799%
IC-471H 75w 430-450 SSB/CW/FM xcvr 1099.00 Call
PS-35 Internal power supply....... 160.00 144
PS-15 20A power supply........... 149.00 134*
IC-271A 25w 2m FM/SSB/CW xcvr... 699.00 619%
AG-20/EX-338 2m preamplifier .... 56.95
IC-471A 25w 430-450 SSB/CW/FMxcvr 799.00 699

PS-25 Internal power supply....... 99.00 89*
EX-310 Voice synthesizer .......... 3995
HM-12 Hand microphone 3950
SM-6 Desk microphone ............ 39.00

VHF/UHF mobile multi-modes

IC-290H 25w 2m SSB/FM xcvr, TTPmic  549.00 489%
IC-490A 10w 430-440 SSB/FM/CWxcvr 649.00 579%
VHF/UHF/1.2 GHz FM Regular SALE

IC-22U 10w 2m FM non-digital xcvr 299.00 249**
EX-199 Remote frequency selector

35.00

Regular NOW

clnsm:mt Itsm
1C-25H 45w, 2m FM w/up-dn TTP mic 389.00 299**

BU-1H Memory back-up ........... 38.50 t100°
1 BU-1H $10 purchased with IC-25H, otherwise $38.50

Hand-held Transceivers

Deluxe models Regular SALE
IC-02A for 2 meters § 319.00 289%
IC-02AT w/DTMF..... 349.00 299*
IC-04A for 440 MHz TBA
IC-04AT w/DTMF..... 379.00 339%

Standard models Regular SALE
IC-2A for 2 meters $ 23950 214%
IC-2AT with TTP ...... 269.50 219%

IC-3A for 220 MHz... 269.95 234

1C-3AT with TTP ... 299.95 239*
IC-4A for 440 MHz ... 26995 234
IC-4AT with TTP ...... 29995 239*

Regular
use BC-35 6750

Accessories for Deluxe models

BP-7 800mah/13.2V Nicad Pak

BP-8 800mah/B.4V Nicad Pak - use BC-35... 6250
BC-35 Drop in desk charger - all batteries.... 69.00
BC-16A Wall charger - BP7/BPS....... ....... 10.00
Accessories for both models Regular
BP-2 425mah/7.2V Nicad Pak - use BC35.... 39.50
BP-3 Extra Std. 250 mah/8 4V Nicad Pak.... 2950
BP-4 Alkaline battery case........coceee vvnees 12.50
BP-5 425mah/10.8V MNicad Pak - use BC35 4950
CP-1 Cig. lighter plug/cord - BP3 or Dix..... 9.50
DC-1 DC operation pak for standard models 17.50
LC-2AT Leather case for standard models.,... 3495
LC-14 Soft case for Deluxe models..... ....... 17.95
HM-9 Speaker microphone ..........c... ... 3450
HS10 Boom microphone/headset...... ....... 19.50
HS-10SA Vox unit for HS-10 (dIx only)..... 19.50
HS-10SB PTT unit for HS-10.. 19.50
ML-1 Zm 2.3w in/ 10w out ampl:het SME 79.95
ML-25 2m 2 3w in 20w out amphrler SALE 179.95
JA-TTN Optional TT Pad - 2A/3A/4A .. ...... 39.50
29.95

§5-32M Commspec 32-tone encoder..........

Shortwave receivers Regular SALE
R-71A 100 Khz-30 Mhz digital receiver $799.00 689

FL-32 500 Hz CW tilter............. 59.50
EX-310 Voice synthesizer .......... 39.95
RC-11 Wireless remote controller... 59.95
CR-64 High stability oscillator xtal  56.00

R-70 100 Khz-30 Mhz digital receiver 749.00 599
EX-257 FMunit.......covvvunnnnnsns 38.00
1C-7072 Transceive interface, 720A 112.50

FL-44A SSB filter (2nd IF).......... 159.00 144*

FL-63 250 Hz CW filter (1st IF)..... 4850

SP-3 External speaker ............. 4950

CK-70 (EX-299) 12v DC option..... 995
19.50

IC-27A Compact 25w 2m FMw/TTP mic 369.00 329**
IC-27H Compact45w 2m FMw/TTP mic 409.00 369*
IC-37A Compact 25w 220 FM, TTP mic  449.00 399"
IC-47A Compact 25w 440 FM, TTP mic 469.00 419%
UT-16/EX-388 Voice synthesizer... 29.95
IC-120 1w 1.2 GHz FM transceiver.... 499.00 449
6m portable Regular SALE
IC-505 3/10w 6m port. SSB/CW xcvr $449.00 399

BP-10 Internal Nicad battery pack 79.50
BP-15 AD Charger......icssasssanns 12.50
49.50

EX-248 FMunit....coooveiinnnianns

LC-10 Leather case ........... 34.95

MB-12 Mobile mount,..............

HOURS: Mon. thru Fri. 9-5:30; Sat. 9-3
Milwaukee WATS line 1-800-558-0411 answered

evenings until 8:00 pm, Monday thru Thursday

Please use WATS line for Placing Orders.
For other information, etc. please use Regular line

In Wisconsin (outside Milwaukee Metro Area)

1-800-242-5195

AMATEUR ELECTRONIC SUPPLY .

4828 W. Fond du Lac Avenue: Milwaukee, W1 53216 - Phone (414) 442-4200
AES BRANCH STORES

WN:KUFFE Ohio 44092
0 Euclid Avenue
e (216) 585-7388

Ohio WATS 1-800-362-0290
it 1.800-321-3594

DOutsic

Flonida

More Details? CHECK —OFF Page 158

ORLANDO., Fla. 32803
6521 Commonwealth Ave
Phone (305) 894-3238

Fla. WATS 1-800-432-9424

1-800-327-1917

CLEARWATER, Fla. 33575
1898 Drew Street
Phone (813) 461-4267
No In-State WATS

No Nationwide WATS

» 110

Phone

Associate Store

LAS VEGAS. Nev. 89106 CHICAGO, lllinois 60630
1072 N. Rancho Drive

(702) 647-3114

No In-State WATS,

Efr\'.?_f 1-800-634-6227 15 min. from O'Hare!

ERICKSON COMMUNICATIONS
5456 N. Milwaukee Avenue
Phone (312) 631-5181
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ASTRON

CORPORATION

2852 Walnut Ave., Unit E
Tustin, CA 92680
(714) 832-7770

Conadian Distributor

Eastcom Industries, Ltd.

4511 Chesswood Dr.

Downsview, Ontario, Canada M3) 2Vé
(416) 638-7995

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 e CHASSIS MOUNT FUSE

* THREE CONDUCTOR POWER CORD

» ONE YEAR WARRANTY » MADE IN U.S.A,

PERFORMARNCE SPECIFICATIONS

* [NPUT VOLTAGE: 105 - 125 VAC

* QUTPUT VOLTAGE: 13.8 VDC £ 0.05 volts
(Internally Adjustable: 11-15 VDC)

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

MODEL RS-50A

MODEL RS-50M

MODEL VS-50M

RM-A Series 19" X 5% RACK MOUNT POWER SUPPLIES
— Continvous Ics* Size (IN) Shipping
Model Duty (AMPS) (AMPS) HXWXD Wt (lbs.)
RM-35A 25 35 5% «19-12'1 38
RM-50A 37 50 5% ~19-12% 50
MODEL RM-35A
B Continuous ICs* Slze (IN) Shipping
RS-A SERIES MODEL Duty (Amps) (Amps) HxWXD Wi (Ibs)
RsE T TN RS-4A 3 4 3% x 6% x 9 5
RS-7A 5 7 3% x 6% x9 9
RS-7B 5 7 47 «10% 10
RS-10A 7.5 10 4x 7Y x 10% 1"
RS-12A 9 12 4Y; x8x9 13
RS-20A 16 20 5x9x10% 18
RS-35A 25 35 S5x11x11 27
MODEL RS-7A RS-50A 37 50 6 x 13% x 11 46
RS-M SERIES
: * Switchable volt and Amp meter
- Continuous ICS* Size (IN) Shipping
MODEL Duty (Amps) (Amps) HxWxD Wt (Ibs)
-RS-12M 9 12 4/ x8x9 13
RS-20M 16 20 5x9x10% 18
RS-35M 25 35 Sx11x11 27
RS-50M 37 50 6x 13% x 11 46
MODEL RS-35M
VS-M SERIES » Seperate Volt and Amp Meters
.  Qutput Voltage adjustable from 2-15 volts
v » Current limit adjustable from 1.5 amps to Full Load
Continuous Duty ICS*
(Amps) (Amps) Size (IN) Shipping
i MODEL @13.8VDCq 10VDC @ SVOC @13.8V HxWxD Wt (Ibs)
i VS-20M 16 9 4 20 5x9x10% 20
VS-35M 25 15 7 35 5x11x11 29
MODEL VS-20M VS-50M 37 22 10 50 6 x 13% x 11 46
RS'S SERIES * Built in speaker
; s Continous ICS* Size (IN) Shipping
MODEL Duty (Amps) Amps HxWxD Wt (Ibs)
RS-7S 5 7 4 x7%x 10% 10
RS-108 1.5 10 4 x 7% x 10% 12
RS-10L(For LTR) 7.5 10 4-.9-13 13
RS-128 9 12 4% x8x9 13
" 1
MODEL RS-12S RS-208 16 20 5x9x10% 18
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design superhet coilsets
with a microcomputer

Improve tracking
with a one-minute
interactive program

The design of superhet coilsets to ensure track-
ing for correct simultaneous tuning of preselector and
oscillator circuits has taken on an undeserved air of
mystery. Some receiver designers have avoided the
problem by resorting to pre-peaked narrow-band cir-
cuits (not exactly ideal) or separate tuning of the pre-
selector circuits, a throwback to the 1920s.

The project that led to this article was a receiver for
150-1560 kHz and 2.5-20 MHz in 6 bands with an IF
of 1650 kHz. All the parts, including a zero-tempera-
ture coefficient (Invar) three-section tuning capacitor,
were available. The specifications for the coilset — in-
volving 18 coils, 18 trimmers, and 6 padders — had
to be calculated. But how?

the one-minute solution

Years ago | found a set of formulae in the literature
that seemed practical to use, although their derivation
was not entirely clear to me. Using them, | wound and
trimmed coilsets for my home-brew receivers. Because
the receivers had worked well | hoped they would also
track reasonably well. The problem was that calculating

a single set took a whole day using a slide-rule and
even after the advent of the pocket calculators, several
hours. Half the time was spent in making mistakes and
a quarter of the time in wondering if | had discovered
all of them. | decided to write a design program based
on the existing formulae to produce faster and more
reliable results. Written in BASIC, the program re-
duced the chore to less than a minute!

Thereafter | added a subprogram for piotting the
actual tracking curve on the screen. Such a curve
shows the difference between the sum of signal and
intermediate frequency on the one hand and the os-
cillator frequency on the other, for an entire tuning
range. ldeally, it should be a straight line of zero error
value. Without the aid of a computer, this would have
taken me many hours to do. With the computer, the
task took only a few seconds. As | watched, aghast,
the errors ran off the screen as the program kept crash-
ing for all types of designs.

After much thought, | concluded that the algorithms
{published in a reliable journal) did not include the
effect of stray capacitances such as coil winding
capacitances. Even a few pF caused substantial track-
ing errors, up to 200 kHz or more.

An exhaustive search of the international literature
led me to believe that tracking equations are avoided
like the plague. Perhaps the subject is thought to be
too boring and too difficult for Amateurs. | did find,
however, two articles that were not over my head, but
neither one could pass the computer test! A third arti-
cle used complex math such as Vieta's theorem and

By Frithjof A.S. Sterrenburg, Westerstraat 47,
Sijbekarspel, The Netherlands

November 1984 113



SMALL LO
ONLY

10EAL
TRACKING

FREQUENCY

MAX. MiN.
TUNING CAP

fig. 1. Why superhets require measures to ensure
tracking.

OSCILLATOR CIRCUIT
S

SIGNAL CIRCUIT

|
7T

fig. 2. Runge’'s Remedy: trimmer and padder.

higher order polynomials, but the values given in the
examples did not check with the formulae supplied!
For instance, a trimmer of 46.36 pF in parallel with a
tuning capacitor of 20-500 pF was said to give a tun-
ing range of 1.5-5.0 MHz, whereas the actual value
would be 1.5-4.3040 MHz. | almost gave up, but finally
— in the absence of any information | could both
understand and trust — | decided to try to work out
the whole thing from the beginning. This is the result,
but as you can imagine, | sometimes wonder how
many published superhet designs really track.

the principle

In a superhet all signals (f;) are mixed with a
variable oscillator frequency (f,) to produce a fixed
intermediate frequency (fj). The better solution is to
choose an LO frequency higher than the incoming sig-
nals (f, = f; + f;) as this reduces spurious responses
due to oscillator harmonics. We will consider this case
only; the alternative (f, < f;) is analagous with the
proviso that the signal and oscillator coils are ex-
changed in the equations. The tuning capacitor will
have identical sections; this is the reason tricks are
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necessary — with different sections for the tuning ca-
pacitor good tracking can be obtained, but such com-
ponents are not readily available. The general equa-
tion for resonance is:

72 = P80 MHz, pFand pt)  (A)
and from this it is clear that tuning is not a linear
function. If the oscillator coil (LO) were given less in-
ductance than the signal coil L; to obtain a high f,,,
the rate of change of f; and f,, would never yield a
constant difference f;. Fig. 1 shows the ideal track-
ing curve and the error resulting from using a smaller
L, only. If the receiver is made to track near the cen-
ter of the tuning range (point C), f, will be too high
at the high end and too low at the low end. This could
mean attenuation of the signal by 30 dB if you were
using potted inductors in the 150-1600 kHz range.

A technique that solves this tracking problem,
patented as far back as 1924 by W.T. Runge, is shown
in fig. 2; a trimmer, C; curtails the tuning capacitor
and has the greatest effect at the high frequency end
of the tuning range while the padder capacitor, Cp,
does the same thing for the low end. This you know
if you have ever aligned a receiver, but it is less wide-
ly known that adjustment of C, and C, only is not
enough. Fig. 3 shows a situation in which perfect
tracking is obtained at both ends of the tuning range
with nevertheless a substantial error in the middle, in
this case because L, is too small. Tracking, therefore,
requires the determination and adjustment of C;, L,,
and C, at three frequencies and the curve will then
approach a straight line with zero error at three points.
Residual errors can be further reduced by shifting the
outer two tracking points to the middle which will then
result in a curve similar to that in fig. 4.

The circuits shown in fig. 2 represent an idealized
case; fig. 5 represents the actual situation including
stray capacitances. As indicated by the vertical lines,
a clear distinction should be made between the left
half {all circuit elements associated with the coils) and
the right half (all capacitances associated with the tun-
ing capacitors and the receiver — for example, input
capacitance of the active elements).

circuit elements

Both for practical and theoretical considerations all
right half receiver sections must be identical. One im-
portant case to be considered is a Colpitts-type
oscillator with capacitive divider, indicated by C, and
C, in fig. 5. An equivalent capacitor, C,, is therefore
added to the signal sections, where

Ce = (Cy - CY/(Cx + Cy) (2)

The winding capacitance of the coils, Cy,, is a problem
because it is largely unpredictable (depending on

Tell 'em you saw it in HAM RADIO!



TWO - POINT TRACKING

IDEAL TRACKING

FREQUENCY

ja———— — TUNING RANGE -— —— ~—#

fig. 3. Two-point tracking is not enough!

—

winding technique) and is different for Ly and L,,. |
solved the problem by combining C,, with C, to form
“‘coil capacitances” C. and C,,. The computer will
ask you whether that value seems realistic; you can
find out by simply winding a trial coil that resonates
at the desired frequency with the tuning capacitor
used. Then find its self-resonant frequency (without
the tuning capacitor) with a dipper and from this derive
its Cy. The same applies to the minimum and maxi-
mum capacitance of the tuning capacitor, C,,;, and
Cnax, and the wiring stray capacitance C;. These are
the known and unknown values of the circuit elements
we shall work with.

calculating the values for
the signal coils
These are easy to calculate. They are tuned by the

combination on the right, which varies with tuning
from a high to a low value:

Cy = Chax + Ci + C, (3)
C; = Chpin + Cs + C, (4)
Using the general resonance formula, it is seen that
if a tuning range starts at f; low frequency, an

idealized coil without C.; would tune to maximum
frequency.

Jm = NV(Cu/CL) - f1 (5

Let the desired top frequency by fy and let R =
Sfu/fL then:

25330/ Lg - (CL + Cgs)
R = 25330/L, - (Cpr + Cos) (6A)

Therefore: R2 = (Cyy + Cp)/(Cr + Ceg) (6B)
or: Cy+ Co = R2- (Cp + Cg) (6C)

and from this it follows that the maximum allowed total
capacitance across the signal coil (trimmer plus
winding capacitance} can be

ACTUAL TRACKING —

1OEAL TRACKING
f2

FREQUENCY

je——————— — TUNING RANGE

fig. 4. Three-point tracking.

ADJUST
Ly AT ff
Ces AT £3

OPTIMAL

. |
—L Cu | TRIMMER 4 —L s
ts ]\ T Ce REPEAT UNTIL
~
¢

cs

p
AV
1 7
Cw
o

(
I
I - ag TRIMMER :

ADWST
Cx

Cp AT H
Cl
Cmin= c
y
cmax

L, AT f2
c, AT 13
fig. 5. The actual tuned circuits,

REPEAT UNTIL
OPTIMAL

——
Ceo

C, = (R2 - C, — Cp)/(1-R2) (6D)

Allowing a reasonable value for the trimmer, you'll
have to determine whether this leaves enough for the
winding capacitance, by employing the procedure
mentioned above — using a trial coil and dipper —
if you're not sure.

example

Design a coil set for the medium wave band that
tunes from 520-1620 kHz and incorporates a non-
Colpitts oscillator. The tuning capacitor to be used pro-
vides from 15-500 pF capacitance and the stray
capacitance is 15 pF. C.; when evaluated turns out
to be 256.7 pF which is a low value for this range. The
medium wave band, with a frequency ratio of over 1:3
requires an approximate 1:10 capacitance ratio and this
leaves little leeway for strays.

The value of the signal coil is:

Ly = 25330/f,2 - Cy (1B)
and in this example Ly = 173.25 uH
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WE HAVE QUALITY PARTS, DISCOUNT PRICES AND FAST SHIPPING!

TRANSFORMERS|RS-232 E}TENSION

120 volt
primaries

5.6 VOLTS (@ 750 MA
6 VOLTS (@ 150 MA
12 VCT @ 200 MA

18 V. @ 650 MA

18 VOLTS @ 1 AMP
24 VOLTS (@ 250 MA
24VCT @1 AMP
42VCT @ 1.2 AMP

“LINE CONNECTED
LINES | THROUGH 8 & 20
D25 MALE TO FEMALE
LOFEET SHIELDED
$11.00 EACH

MIKE
CONNECTOR

D

5 CONDUCTOR IN-LINE PLUG
AND CHASSIS MOUNT JACK
TWIST LOCK STYLE, SAME AS
SWITCHCRAFT 12CL5M
$2.50 PER SET

7 CONDUCTOR
RIBBON CABLE

MULTI-
SWITCHES

WALL
TRANSFORMER

ALL ARE 11§ VAC
PLUG IN

4VDC @ 70 MA
6 VDC @100 MA
6 VDC @ 500 MA
9VAC @1AMP
15 VAC @ 300 MA
16.5 VAC (@ 10 VA $3.50
17 VAC (@ 500 MA $4.00

$2.00
$2.50
$5.00
$3.00
$3.00

3 STATION
NON-INTERLOCKING

EACH OPERATES
INDEPENDENTLY.
142" BETWEEN
MOUNTING CENTERS.
$1.75 EACH

5 STATION
INTERLOCKING

MADE BY ALPS
3-2PDT AND
2-6POT b
SWITCHES ON FULLY

SPRING LEVER
TERMINALS

TWO COLOR
CODED
TERMINALS

ON A STURDY
23040 0 33/4"
BAKELITE PLATE

GREAT FOR SPEAKER ENCLOSURES

OR POWER SUPPLIES

$1.00 EACH  10FOR $900

INTERLOCKING ASSEMBLY
31" BETWEEN
MOUNTING CENTERS
§2.50 EACH

5 STATION
NON-INTERLOCKING
SAME AS ABOVE. EXCEPT
EACH SWITCH OPERATES

INDEPENDENTLY
$2.50 EACH

3. 2PDT SWITCHES

W

METER
0-15 V.D.C.
W THIS 2-1/4"
\]SQUARE METER
MEASURES
0-15 VDC
$4.50 EACH

SPECTRA-STRIP RED MARKER
STRIP. 28 GA STRANDED WIRE
$5.00 PER ROLL (100 FT.)

ACCUTRONICS COIL SPR

SOUND EFFECTS. INPUT

IMPEDANCE 2250 OHMS.

REVERBERATION UNIT
S Tl

$7.50 EACH

ING TYPE UNITS. USED IN

ELECTRONIC ORGANS TO PROVIDE ACOUSTIC DELAY

IMPEDANCE 8 OHMS, QUTPUT
417 x 164" x 1714

@7FOR Tl

COMMUNICATION
MICROPHONE

SUB-MINIATURE
D TYPE
'CONNECTOR

SOLDER TYPE SUB MINIATURE
CONNECTORS USED FOR
COMPUTER HOOK UPS
DB-15 PLUG $2.75
DB-15SQCKET $4.00
0OB-15HOOD
0B-25 PLUG
DB-25 SOCKET
DB-25 HOOD

NEW C.B. STYLE MIKE WITH
PUSH S P.D.T. SWITCH.
$5.00 EACH

r . W T.1.
= »
o
4 INcLUDED.

# M1381-1,

VIDEO SOURCES,
CHANNEL 3 OR 4 SELECTION SWITCH,
OPERATES ON 12 VD,

SOUND AND VIDEO MODULATOR

COMPUTER

DESIGNED FOR USE
COMPUTERS. CAN BE USED WITH
BUILT-IN A/B SWITCH,

HDOK UP DIAGRAM
$10.00 EACH

WITH T. 1.
2K 10 TURN

MULTI-TURN POT

Wj SPECTROL

PHOTO-FLASH
CAPACITORS
170 MFD 330 VOLT

11/8" x7/8"
2FOR $1.50 10FORS$7.00

PUSHBUTTON
POWER SWITCH

,,AL

ﬂ&&

“PARALLEL"
PRINTER
CONNECTOR

ROLDER STYLE
6 PIN MALY

3> JLED ON

2 CHANNEL

LIGHT ORGAN

EASILY HOOKS INTO STEAREO SPEAKERS
AND ALLOWS 110 VAC LIGHTS TO DANCE
WITH MUSIC TWO SEPARATE 110 VAC
OUTPUTSFORHIGH AND LOW FREQUENCY §
AUDIO SIGNALS USE TWO ORGANS FOR

STEREO
$6.50 PER UNIT

COLORLIGHT STRING AVAILABLE $1.7SEA

FREE! FREE!
LINE CORDS

“"IWo WIRE
6 18ga TWO WIRE

3 FOR $1.00
THREE WIRE
18 INCH 18ga THREE WIRE
2 for $1.00
8 FOOT 18ga THREE WIRE
$2.00 EACH

SOLDERING
IRON STAND

SPRING STEEL {

FREE! SEND

KEY
ASSEMBLY
$1.00
EACH

CONTAINS 5 SINGLE-POLE
NORAMALLY OPEN SWITCHES

PARALLEL
[IATA CABLES
$5.50 EACH

DOUBLE POLE POWER SWITCH
PUSH.ON, PUSH-O
$1.00 EACH

#MOO0 534-7161
$5.00 EACH
EDGE
CONNECTORS
m 7,"’ a7
ALL ARE .156" SPACING
10 PIN EDGE

CONNECTOR
TRW 5010420  $2.00 EACH

18/36 GOLD

SWITCHES
MINI-PUSH BUTTON
S.P.S.T. MOMENTARY

1.D.C. MALE

SAME AS ASOVE.

STANDARD
RIEBON CABLE
$8.00 EACH

NORMALLY OPEN
1/4” BUSHING
35¢ EACH
10 FOR $3.25
100 FOR $30.00
SPECIFY COLOR
RED. BLACK, WHITE,
GREEN, YELLOW

FOR

ROTARY
SWITCH

POLE
6 POSITION
1% DIA x 1%2 HIGH
75¢ EACH 10 for $6.00

MEASURES 3 3/4" LONG
6 KEY

$1.25
EACH

CONTAINS 6 SINGLE-POLE
NORMALLY OPEN SWITCHES
MEASURES 4 1:4" LONG

IRON HOLDER
ON WEIGHTED
BASE

$5.00 EACH

TRANSISTORS

2N706 4 FOR $1.00
2N2222A 3 FOR $1.00
PN2222 4 FOR $1.00
2N2904 3 FOR $1.00
2N2905 3FOR $1.00
2N2907 3FOR$1.00

BATTERY
OPERATED
SMOKE DETECTOR

RELAYS

MINIATURE

6 VDC RELAY
=y, SUPER SMALL
1‘ SPDT RELAY
HT GOLD COBALT

CONTACTS

RATED 1 AMP AT 30 VDC
HIGHLY SENSITIVE, TTL
DIRECT DRIVE POSSIBLE
OPERATES FROM 43 TO
6§ V COIL RES 220 OHM

13:16° ~ 13/32" = 7:16
AROMAT # RSD-6V

$1.50 EACH 10 FOR $1350

@

BRK MODEL nmw

UL APPROVED

9 VOLT BATTERY OPERATION
FOR CEILING OR WAL L MOUNT

$8.00 EACH 2 FOR $15.00

13 VOC RELAY

48 PAGE CA

COMPUTER |
GRADE
CAPACITORS

2,000 mfd. 200 VOC
13/4"DIA 5 HIGH

3,600 mfd. 40 VDC
13/8"DIA. - 33/4"HIGH

6,400 mfd. 60 VDC

$1.00

SOLDER EYELET $2.00 EACH
22/44 TIN
$1.50 EACH 10 FOR $14.00

22/44 GOLD
$2.00 EACH
pcsTYE 8200 a0
28/56 GOLD

28:56 GOLD PLATED CONTACTS
156 CONTACT SPACING

$2.50 EACH 10FOR $22.00

TALOG FREE!
SLIDE } POTS

100K linear tape
2° LONG

15/8" TRAVEL  75¢ EACH
500K linear taper

2 7/8" LONG

13/4" TRAVEL  75¢ EACH

DUAL 100K audio taper

3 1/2° LONG

2 1/2” TRAVEL. $1.50 EACH

P.C. STYLE; NO MOUNTING EARS

750 MFD 330 VOLT

2" HIGH * 1 174" DIA
$1.25EACH 10FOR$11.00

. 120V INDICATOR

NEON INDICATOR. RATED
120 V 1/3 W. MOUNTS IN
5/16" HOLE . .. RED LENS
75¢ EACH
10 FOR $7 00
100 FOR $65.00

SOLID STATE
RELAY [&F )

HEINEMANN €LECTRIC
#101-5A-140—5 AMP
CONTROL: 3-32vDC
LOAD. 140VAC 5 AMPS
SIZE: 2" X 1" X %" HIGH
$5.00 10 FOR $45.00

FREE! FREE!

L.E.D.’S
STANDARD JUMBO
DIFFUSED

RED 10 FOR $1.50
GREEN 10 FOR $2.00
YELLOW 10 FOR $2.00

FLASHER LED
5 VOLT OPERATION
% “RED JumBO SIZE
$1.00 EACH

BIPOLARLED

13/8"DIA - 41/4"HIGH
22,000 mfd. 40 vDC
2'DIA - 6 HIGH

31,000 mfd. 15 VOC
13/4"DIA - 4"HIGH

$2.50

$3.00

$2.50

CRYSTALS

CASE STYLE HC33/U

COLORBURST
3579.545 KC

$1.00 EACH

2 MHZ
$3.50 EACH

2 FOR§170

LED HOLDERS

TWO PIECE HOLDER (<]
FOR JUMBO LED
10 FOR 65¢ 200 FOR $10 00

CLEAR CLIPLITE

72,000 mfd. 15 VDC
2 0lA - 4 3/8"HIGH

185,000 mfd. 6 VOC
21/2°01A. - 41/2"HIGH

$3.50
$1.50

CLAMPS YO FIT CAPACITORS 50¢ ea.

METAL OXIDE
VARISTOR

G.E£ 8V82zZAa12

50 VOLTS. NOMINAL D.C
VOLTAGE. 5/8" DIAMETER
2 FOR $1.50

CONTACT SPNC
10 AMP @ 120 VAC
ENERGIZE COIL TO
OPEN CONTACT

COIL 13 VDG 650 OHMS

SPECIAL PRICE $1.00 EACH

POWER SUPPLY W/ PRE-AMP

THIS SUPPLY WAS USED TO POWER

4 PDT RELAY

* 14 pin style
» 3 amp contacts

MINIATURE TOGGLE SWITCHES

ALL ARE RATED 5 AMPS @ 125 VAC

S.P.D.T.
{on-on)
PC STYLE

10 FOR §7 00

D.T.
(on-on)
SOLDER LUG
TERAMINALS
$1.00 EACH
10 FOR $9 0D
100 FOR $80 O

S.P.D.

S.P.D.T.
(on-off-on)
SOLDER LUG
TEAMINALS
$1.00 EACH

10 FOR $9 00

100 FOR $80 00

T.

DER
1 . AKFLH)AFAN(V
ﬁll

INDICATOR CLEAR
4 FOR $1.00
3 1/2 SPEAKER

FULL RANGE
SPLAKER,
8 07 MAGNET.
4" DIAGONAL
MOUNTU\G CENTERS,

$2.50 EACH
10 FOR $20.00

« 24 voltdc or

120 volt a ¢ coil
« Used but fully tested
$1.70 EACH

S.P.D.T.
(on-off-on)

NON-THREADED,
BUSHING

AN 8 TRACK-CASSETTE UNIT IT
WiLL SUPPLY APPROX 18 VDC AND
INCLUDES A SMALL PRE-AMP TO

BOOST SIGNAL LEVEL !
specify coil vollage 00 STYLE $1.00 EACH 1§ 1L COMPATIBL T

D.P.D.T.
RCA PLUGS FOR LINE IN OUT /
LARGE QUANTITIES AVAILABLER ,5¢ gach 10 FoR 390007 o ron si900 ¥ $1.00 EACH

(on-on)
« 106 $4.50 EACH SOCKETS FOR RELAY 50¢ aach 10 FQR §7 00 100 FOA $80 00 100 FOR $180 oo 10 FOR $9.00

SOLDER LUG
R ALL ELECTRONICS CORP. i
[

TERAMINALS
1-800-826-5432 MINIMUM ORDER $10.00 s
905 S. VERMONT AVE. P.Q.BOX 20406 LOS ANGELES, CA 90006

$2.00 EACH
(ORDER ONLY) USA: 52.50 SHIPPING
\) 6228 SEPULVEDA BLVD. VAN NUYS, CA 91411

SOLID STATE
& BUZZER

STAR #5MB 06!
6 vDC

{(on-on)
PC LUGS
THREADED
BUSHING

(IN CALIFORNIA: 1-800-258-6666) FOREI!GN ORDERS:

ALASKA, HAWAN INCLUDE SUFFICIENT
. v SHIPPING

OR INFORMATION CALIF. RES. ADD 6 1/2%

(213) 380-8000 NO C.O.D.!

-
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The signal circuits are now completely defined; addi-
tional preselector circuits must be identical.

determining the tracking points

One tracking point must be at the center of the
range. This can be found by taking the geometric
means of the two end frequencies: V f; - fy. The
outer tracking points must be shifted slightly toward
the center. The amount will vary with the tuning range.
Empirically, the following factor gives good results:

Q =1+ (fH/40 fL) (7)

You can easily change this factor in the program and
observe the result on the display. The greatest devia-
tion will occur at the high end, which is acceptable
because the bandwidth of the signal coils is also a
maximum there. The tracking (and trim-} paints are:

J1 =11 Q(lowend) (8)
J> = VS1L - fu (center) (9)
f3 = fu/Q (top end) (10)

which calculates to be 560, 918, and 1503 kHz, respec-
tively in the examplie outlined earlier. As the operator
tunes to these frequencies, he will set the tuning ca-
pacitor to values that can be calculated from the res-
onance formula after subtracting C.,. These values
(for the right half of the signal sections) are:

cl = ;1—52%3 - C, (1)
s
_ 25330 - ¢ (12)
C2 = == €5
fzz'Ls
_ 25330 - ¢ (13)
C3 = === cs
f32'Ls

In the oscillator section, the total capacitance to the
right will be the same as above (C; and C, are iden-
tical), so with the three capacitances C/, C2, and C3
the oscillator must tune to f; + f;, /2 + fiand f3 + f,.

determining the
oscillator circuit elements
Taking into account the total coil capacitance for

the oscillator circuit and the padder, gives the follow-
ing three equations:

C, G,
fi+ fi= 25330/\/ C.o + Cfr(i - L, (14)

C, C .
fo + fi = 25330/ / C.o + C,,LJTC% L, (18)

It

25330// Ceo + Cp:Cs -1, (16)

B+ i C, + G

The solution to these equations means that the track-
ing error is indeed made equal to zero at these points.

Let's tackle the padder first. Define the ratio (f; .,

fi)/(f; + f;) as “A” and call (f> + fi)/(fs + fi) as
“B,’" then by dividing eq. 14/eq. 16 we find that:

Az Cp - CUCy + C1) = (Cp - CIYNC) + Cy)

Ceo = | - A2

(17)
Similarly, division of eq. 15 by eq. 16 yields:
C Cg/(c + Cz} - (C C_;//(C + C_;}

Ceo = o
18)

These two equations can be used to solve for Cp:

C/CoB2 ~ A2 + C/C3(A2B? - BY + CyC3(A? ~ A2BY)

Co = " CyA? T A2B2 + Cy(A2B? - BY v CyB? — A%

{This looks neater when the terms in parentheses are
called X, Y, and Z respectively, as in the program.)
C¢o is found by entering C;, in eq. 17 or 18 and then:

Loy= —— 2330 9

Gy, C
(2 +.ﬁ) : < co C' ;’Z%)

This completes the coilset design. In this example:
Cp = 385.7pF, Coo = 41.9PF, L, =
84.66 uH for f; = 450 kHz.

tracking curve

Plotting the tracking curve on the screen depends
on the graphic capability of your microcomputer. High
resolution plotting in assembly language is definitely
not necessary: what you want to see is the general
trend and the peak errors, not an accurate graph. The
method used in plotting the tracking curve is described
below.

First the tuning range is divided into as many equal
sections as the micro has columns. Because of
rounding off, the range must be extended above fx;
otherwise, the plot sometimes won’t reach this value.
For a 40-column machine and half a column extra
margin the command would be:
forf = f_ to fy + (fy ~ f )/80 step (fy — f)/40

For each f calculate the total capacitance across the
signal coil:
C = 25330/(Ls - f?) (1C)

So the capacitance to the right of the lines is equal
to C, = C — C,. From this we can calculate the
oscillator frequency correspnding to f:

25330
-/ . 20
Jo / C Cv (20)
LolCy + C" ¥ C,

Then print f,
table or use f,

— f — fitogether with ffor a tracking
— f — fi as the row- and f as the
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! AEA \

BRINGS YOU ANOTHER

BREAKTHROUGH

THE TI-1
RTTY TUNING INDICATOR

SHOWN ACTUAL SIZE

* TRUE SPECTRAL DISPLAY SHOWS BOTH MARK AND SPACE TONES
* 10hz RESOLUTION FOR THE TUNING ACCURACY OF A SCOPE
* WITHOUT THE EXPENSE OF A SCOPE

e ALLOWS FAST AND EASY TUNING OF RTTY SIGNALS

* IDEAL FOR DIFFICULT TO TUNE AMTOR SIGNALS

* DISPLAYS 170, 425 AND 850hz STANDARD SHIFTS

* SHOWS NON-STANDARD SHIFTS FOR EASY TUNING

* AUDIO DRIVEN - EASY TO HOOK UP - COMPACT SIZE

* BUILT IN SPEAKER - CAN BE SWITCHED ON OR OFF

* WORKS WITH ANY INTERFACE

* DOES NOT REQUIRE SCOPE OUTPUTS

* REQUIRES 12vdc AT LESS THAN 60ma

* COMPLETE WITH MANUAL AND CONNECTORS

* SUGGESTED RETAIL $§119.95

C & A ROBERTS, INC. AEA: s
18511 Hawthorne Blvd., Torrance, CA 90504
\ 213-370-7451 24 Hours call 213-834-5868 )
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IDENTICAL FOR
ALL SECTIONS

b
51

17

fig. 6. Series and parallel bandspreading.

column parameter. To avoid crashing from incorrect
row data, first display the table and examine the size
of the error values, then enter a corrective mulftiplica-
tion factor via an INPUT command if necessary.

For this example the errors {rounded off} were
—3.2, +4.26, -6.97 and +8.5 kHz. This indicates
excellent tracking and implies that everything is cor-
rect — an assurance | never had before.

the program

The program listing in table 1 was written for the
T1-99/4A which is suitable for this application because
of its upper and lower case capability, which makes
for easy reading, its wide choice of variables, and high
degree of precision in mathematics. Note that when
the program runs, very small values are subtracted
from other very small values so that you may have to
use double precision. | have left out everything that
is not essential and used the simplest BASIC com-
mands for easy translation. One version | have draws
all coils and capacitors in HiRes and inserts their values
next to them for added finese. The listing takes less
than 4k of memory, and can still be adapted for your
particular machine. A printer is not necessary; the pro-
gram warns you to “NOTE'’ the values displayed.

bandspreading

As supplied, the program already includes parallel
bandspreading, because parallel capacitance is added
in the form of C,; by your independent choice of fy.
But let’s look at bandspreading in more detail {fig. 6).

Parallel bandspreading with Cy,, improves the tuning
curve. Ordinary tuning capacitors provide logarithmic
coverage, with compression at the high end. For
straight-line frequency coverage you need a tuning
capacitor with pointed plates {the BC-221 has one),
but these are exceptionally rare. Adding Cp,, reduces
the top end compression. The disadvantage of adding
parallel capacitance is that the L/C ratio of the tuned
circuit is lowered and Q is reduced, especially at the
high end. You may assume that the effect on the Q
is acceptable if Cp, is smaller than:

2 - {C; + reasonable value for trimmer (e.g. 15 pF)
+ value found for C,}
Series bandspreading Cy; raises the L/C ratio, but

table 1. Program listing for superhet coilset design.

100 CALL CLEAR

110 PRINT " SUPERHETERODYNE COLLSETS": : : : : : " for Ham Radio Magazine':
: :"by Frithjof A.S. Sterrenburg": : : :" L E L L N

120 FOR DELAY=] TO 1000

130 NEXT DELAY

140 CALL CLEAR

145 REM for colpitts type oscillator

150 INPUT “does the oscillator have a capacitive divider? y/n":A$

160 JF A$="y" THEN 170 ELSE 230

170 INPUT "enter Cx,Cy ":CX,CY

80 CE=(CX*CY)/(CX+CY)

190 CALL CLEAR

200 PRINT "an extra parallel condenser Ce of";CE,"pF will be specificd for thesi
gna) sections in the finalprint-out”

J1G FOR DELAY=1 10 1000

2200 KEXT DELAY

S CALE CEPAR

23% REM define tuning range

FAh INPUT nter minimum capacitance oftuning condenser (pF) TOM]

25U PRINT &
260 INPUT "enter maximum capacitance oftuning condenser (pi'} "CMA

270 PRINT @ 3

S80CINPUT Menter estimated stray capa- citance in pF ":08

200 PRINT 2™ catontated earlier will  be printed at the end il it was veguired

00 CL=CM 40

31O CH=CMASCh CF

320 INPET "enter Tower Srequency of tu-ning sange in Miz i)

330PRINT ¢ s

360 FU=SURCCH/CL) #FL

150 PRINT "the tuning range would he';FL;"(o™ 1M "MHz without Crimmer or wind-im
4 vapacitance’s

360 INPUT "enler desited Lop frequency of tuning range ":Fil

400 PRINT NOTE:": :"tnial desired coil copacitor{irimmer + voil capa
Plance =" 00s M
410 TN - s seew feasible” y/n ":B§

4200 [F BE="n" THEN 160
430 CALL CLEAR

440 CL=CLAUCS

450 =

GO0 1= 25330 CVLAZE(CHD) )

465 REM total specification of signal coils

470G PRINT " NOTE: " :"s=" 08" miceall™: Massumed stray capacitaoces
TR tMrimmer + coil capacitances 008 pEY e

4R00 PRINT "far all preselector sectionsadd extra paradlel capacitorat ™ CH " pl(

Yo
4000 INPIY Menter ¢ to continue "iC%
SO0 =" THEN 510 ELSE 490
510 = LeCHIEL #0025

[#

Gh% KEN dete o the Lracking polnts and bpsei)lastor components
S60r PRINT ™ NOTE:": "low trimpoint="3F1:" MHz":"mid trimpoint="";F2;"
Mz s or

BHY CL=(253307 (12
SR 02=( 25580/ 112 218 5 )-C0S
M FIRZH Sy )00
Teater interaedinte froquency o Mie el
COFL+E L)/ (F3+81))
((F24ET)/(F34F 1))

I (FECE R (RFC) R (YR02))
ATCRCTY/CCP4CE ) - 3/ (CP+E3Y)/(1-A")
W/ LLERFDAZSCCOH ((CPE0 /(CIEL2)) )

AR

Oyt CAL AR
695 REA total specilication oscillalor «omponents

700 PRINT " NOTE:"”: Upaddor="300 " pF": Mrimmer vac bading winding
capacitance=";100;"pF":

710 PRINT "Ctor signal coil";CC8:"pb was atlowed)™ s 3"Lo="110;"microtl" s :"eapac
Uive divider" ;CX;™and" ;073"
720 INPUT "enter 1 for next
THON K GOTO 1Aty 740,820,950
Fau CALL CLEAR

2 for tracking table,d for graph, 4 to end "iK

TAS REM prowtont of Cracking errors for range,tor 30 frequencies
V50 FOR FlTO FHCRH=FLY /60 STEP (F=11.) /30
76l =

O/ (1575720
T e
IR0 FO=SORC 2SO0/ CLOFC0COH( CCEHOV N (CEOVY )y

790 PRINT 1000, (F4+11-FO)* Lo

8OO NEXT F

810 GOTO 7.0

3200 CALL CHEAR

827 REM plot ot tracking curve for 24 bines/30 colunns

330 INPUT "far error piot enter multi- plication tactor,maximum de-viation=10 “:
M

H40 CALL CLEAR

445 REM deaw plotting geid (tor 197445

850 CALL CHAKCIZ8, 1010 1010FF101010™)

86U PRINT TAB(I6);"factor="st: :

B70 CALL HCHARCL3,1,128,31)

B8O CALL VCHAKUL, 16,128, 24)

890 =1

895 REM  for 30-columnn machine this is identical to 750-740 inclusive and can b

Fl. TO FH+(Fl-FL)/60 STEP (FU-FL)/30
(LS*FA2)

S
930 FO=SQR( 25330/ (LO*(CCO+( (CP*CV)/(CP+CV)))))
940 X=(F+FI-FO)*1000%M
945 REM plot asterisks
950 CALL HCHAR(12+4X,Y,42)
960 Y=Y+l
970 NEXT F
980 GOTO 720
990 END
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A LIMITED INTRODUCTORY

FREE OFFER

FOR HAMS ONLY

DURING NOVEMBER 1984

For only S12 (one-third off our
regular price) we’ll send you one
year (4 issues) of Audio Amateur
and a free gift—a pair of self-powered
speaker overload indicator Kits
worth $10. Just for trying Audio
Amateur! And we guarantee your
satisfaction. Money back if you're
not satisfied for any reason. Keep
the kits, keep the magazines. You
can’t lose.

At Audio Amateur
we're just as serious
about high quality
sound as you are about
clean transmissions.

For 15 years now we’'ve been pub-
lishing very high quality audio sys-
tem circuits that are fun to build,
outstanding in performance and low
cost. Plus lots of mod articles on up-
dating old gear for superior perfor-
mance. If you like building ham proj-
ects, you'll like Audio Amateur
magazine.

Send one year of Audio Amateur at 812 and
my free kits. I enclose Ulcheck CIMC [Visa.

NAME

ADDRESS T

ary 7T - T T stAaTE | zip
CARD NUMBER T
CARDHOLDER SIGNATURE T EXPIRE DATE

Audio Amateur, Peterborough, N. H. 03458
Outside USA add $4.00 per year for postage.
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tuning at the top end is even more compressed. Series
and parallel bandspread techniques can, of course, be
combined. For series bandspreading, a series capacitor
Cys is added to the right hand side and this is identi-
cal for all tuning capacitor sections. In fact, we con-
struct a new tuning capacitor with different C,;,, and
Ciayx and then run the program as normally.

To determine Cy, for a desired range we define new
constants. Let C.; = j, desiredrange k = fy/f1, m
= Cy, n = C; and the unknown bandspread
capacitor = b. Then starting with the equation for the
tuning range:

. b-m
J Yt T
k2 =" btm (21A)
y bon
J b+ n
you will arrive at this:
(b -mj-(b+n —(b+ m-
[k2-n+ (k2 -1)-j}
b+ (k2-1)-j -nf=0 (21B)

Now let's call k2 - n + (k2 — 1) - j = p and
(k2 —1)-j-n = gq, then:

b2 - m+b-m-n-

(g - b2+p-b+qg -m-b+p-m=0 (21C)
2 m:-n—-p-q-m ., p-m_
or b? + (m = q) b= m=—q =0

(21D)

If we call the two fractions ‘r’’and “s”’ respective-
ly, this is the common equation b2 + r - b — s = 0.
One root is negative, the other is the value of the band-
spread capacitor:

)
+
BN
%

Cpg = —LFVFT 4S8 (22)

Although all bandspread capacitors have been lumped
with the right hand half of the circuits in this deriva-
tion, they are switched for other ranges and will there-
fore be physically present in the left hand half (in the
coil cans, for instance). In the end, you can properly
combine all the capacitances calculated.

conclusion

Although any coilset can now be designed in a few
minutes, the main value of this project was something
else. For the first time, | could plot tracking curves,
and these showed that all the literature | could lay
hands on gave unreliable formulas! The microcom-
puter freed me from the nightmare of calculating, so
I could begin to think and rediscover a bit of neglected
theory for myself. A microcomputer may have its prac-
tical uses, but above all, it's a powerful tool for
learning!

ham radio



B. 6. MICRO

25152569

6500

4.50 6545
6.95 6551

STATIC RAM

2016-2KX8 200 n.s. ......
2101-1 - 256X4 500 n.s.
21L02-1 350 n.s.

2102AL-4 L.P. 450 n.s.
2111-1 256X4 500 n.s. .......
2114L-3 1KX4 300 n.s.

3.00

6502
6522

8/32.00

2125A-2 1KX1 70 n.s.
2142-3 1KX4 300 n.s.
TMS4044 (MCM6641 C-25)
4KX1 250 n.s.
5101 - 256X4 - CMOS
6116P-4-2KX8
200 n.s. CMOS
6501-5 256X4 - CMOS

TERMS: (Unless specitied slsewhere) Add $1.50 postage, we pay balance. Orders over $30.00 add B3¢ for insurance No C.0.D. Texas Res. add 6%

6800

6802 5.00
6803 10.00
6808EP 10.00
6810 2.00
6820 3.25

EPROM

2708 1KX8 450 n.s. .......... 2.20
27A08 1KX8 350 n.s.
2758 1KX8 +5V 450 n.s

2716 2KX8

2716-1 2KX8 350 n.s.
2732 4KX8 450 n.s.

2532 4K X8 450 n.s.

4K STATIC RAMS

LESS THAN 50¢ EACH
MK4104J-4 - 250 N.S. 18 Pin
Ceramic Computer Mfg.
Surptus. PRIME. Fully Static.
Easy 1o Use. Has Same Pin Out
as TMS4044, but slightly
different timing. With Specs.
(Mostek)

8 tor 5.00 32 for 15.95
VERY LOW POWER!

EPROM SPECIAL

We bought a large quantity of 2708s
from a computer manutacturer who
redesigned their boards. We
removed them from sockels, erased
and verified them, and now we offer
the savings to you. Complete
satisfaction guaranteed.
2708
1.49 or 10/$12.00

AY3-8910
W/60 Page Manual
New Price — $7.00

v 122

P. 0. Box 280298 Dallas, Texas 75228

(214) 271-5546 (=) oo [

DYNAMIC RAM

2108-4 8KX1

2118-4 16KX1-5Volt
4027-4KX1-250 n.s.
4116-16KX1-250 n.s. ......
4116-16KX1-200 n.s. ..... 8/11.50
4116 16KX1-150 n.s. ..... 8/12.95
4164- +5v 64K 200 n.s. ... 8/42.00
MK4516-15 16KX1-5Volt . 1.50
5280N-5 (2107B-4 « TMSA4060)

TR16028 (COM 2017)

1863 +5v

IM6402-+5v High speed
UART-AY5-1013 pin out

INS 82508

Z80 2.5 MHZ CPU
Z80CTC
Z80DMA-DMA
Z80PI10
Z80S10/0
ZB8OA-4MHZ CPU
Z80A DART
Z80A-PIO

Z80A S10/0
Z80B 6 MHZ CPU

1771 Single Density
1791 Double Density

CONTROLLER SET

THREE CHIP SET
1797, 2143-03, 1691 by W.D.
Compare at up to 86.85.
B.G. SPECIAL
Ali 3 tor only $29.95

5.95
24.95
175.00
20.00

29.95 8085A
5.00 8086-2
§.00 8087-3
2.00 8088

28002
8035
8039
8080A

8202A
8212
8214
8216
8228
8237-5
82508

15.95
1.50
2.00
1.75
3.25

10.50
9.95

SPECIALS

8251
8257
8259A
8275
8287
8288

SOCKETS

Low Profile SOLDER TAIL

6 Pin 14/1.00

8 Pin 13/1.00
14 Pin 10/1.00
16 Pin 8/1.00
18 Pin 8/1.00
20 Pin 7/1.00
24 Pin 6/1.00
28 Pin 6/1.00
40 Pin 5/1.00

BUY $10
GET $1.00 - FREE CHOICE

2114 SPECIAL!

COMPUTER
MANUFACTURERS
EXCESS INVENTORY
SALE!
PRIME! 2114-300 n.s.
INCREDIBLE PRICE!
YOU SAVE!
8/$9.00

GUARANTEED

CRYSTALS

32.768 Khz SPECIAL
262.144

300.000

307.200

1.5432 Mhz .. ..
1.8432

2.000000 ....

4.9152

4.916 Bd. Rate
5.000000
5.0688 ....
5.616

6.000

6.176 ...
7.164112.
7.3728 ..
8.000

. 90 Day Money Back

Guarantee on sll tems. A}l jtems subject to prior sale. Prices subject to change without natice. Foreign order - US funds only. We cannot ship to Mexico. Countrias other than

Canads, add $3.30 shipping and handling.

More Details? CHECK — OFF Page 158
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B G M l c R o P. 0. Box 280298 Dallas, Texas 75228
¢ R | (214) 271-5546 @ ;
Big Computer Mfg. Makes $900,000 Goof!!

COMPUTER/DISK DRIVE
SWITCHING POWER SUPPLY

ORIGINALLY DESIGNED TO RUN A Z-80
BASED SINGLE BOARD COMPUTER
WITH TWO 5-1/4 IN. DISK DRIVES AND
CRT MONITOR.

BRAND NEW: UNUsED!  $3750_ | 3 ror $9500

ADD $1.50 PER UNIT FOR UPS

SPECS: + 5VDC 5 AMPS MAX
#1 + 12 VDC 2.8 AMPS MAX
#2 + 12 VDC 2.0 AMPS MAX
-12 VDC .5 AMPS MAX

INPUT: 115 or 230 VAC 60Hz

SMALL SIZE: 6-1/8 x 7-3/8 In.
HIGH EFFICIENCY SWITCHER MFG.
BY CAL. DC IN USA!

The poor Purchasing Agent bought about 10 times as many of these DC
switchers as his company would ever use! We were told that even in
10,000 piece lots they paid over $72 each for these muiti-output
switchers. When this large computer manufacturer discontinued their
Z-80 Computer, guess what the Big Boss found in the back warehouse;
several truckloads of unused $72.00 power supplies. Fortunately we
heard about the deal and made the surplus buy of the decade. Even
though we bought a huge quantity, please order early to avoid
disappointment. Please do not confuse these high quality American
made power supplies with the cheap import units sold by others.

v 123

TERMS: (Unless specified elsewhere) Add $1.50 postage, we pay balance. Orders over $50.00 add 85¢ for insurance. No C.0.D. Texas Res. add 6% Tax. 90 Day Money Back
Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds only. We cannot ship to Mexico. Countries other than
Canada, add $3.50 shipping and handling.
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B G M Ic Ro P. 0. Box 280298 Dallas, Texas 75228
214) 271-5546 | =
¢ o (e ~—] B H"&J

Z80* SINGLE BOARD COMPUTER!

64K RAM — 80 x 24 VIDEO DISPLAY — FLOPPY DISK CONTROLLER
RUNS CP/M* 2.2!

$29-95 J!EV_V_PR’CE?

(BLANK BOARD WITH —_—
DATA AND ROM'S.)

GROUP SPECIAL.:
BUY 6 FOR $165L

BOARD MEASURES
112" x 122"

USES EASY
TO GET PARTS!

ALL ORDERS WILL BE
PROCESSED ON A STRICT,

FIRST COME, FIRST SERVED
BASIS! ORDER EARLY!

GIANT COMPUTER MANUFACTURER’S SURPLUS!
UNBELIEVABLE LOW PRICE!"!

Recently Xerox Corp. changed designs on
their popular 820° computer. These prime,

new, 820-1 PC boards were declared as
surplus and sold. Their loss is your gain! These WE'VE GOT EM!
boards are 4 layers for lower noise, are solder 5-1/4"

masked, and have a silk screened component
legend. They are absolutely some of the best HALF SIZE DRIVES

quality PC boards we have seen, and all have

passed final vendor QC. Please note, however, « 40 Track per side
these surplus boards were sold by Xerox to us + Double-sided,
on an AS IS basis and they will not warranty double density
nor support this part. « Same as SA455

We provide complete schematics, ROM'S, o Lalest head & ths
and parts lists. If you are an EXPERIENCED drive technology =

computer hacker, this board is for you! Fast access lime

Remember, these are prime, unused PC

Two of These Hall Size Drives will

boards! But since we have no control over the

quality of parts used to populate the blank FIEW 0w Beme Spece s’ el Bize Drtve!
board, we must sell these boards as is, without $159.95
warranty. You will have to do any debugging, if Compars at up 10 $345 ea

ADD $3.00 UPS PER DRIVE

necessary, yourself!.

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada)

“CP/M TM OF DIGITAL RESEARCH INC. (CALIF.) 820 TM OF XEROX CORP. Z80 TM OF ZILOG

124

TERMS: Orders over $50 add 85¢ insurance. No COD. Tex. Res. Add 6% Sales T ax. Subject to prior sale. Foreign orders: US funds only. We cannot ship
to Mexico. Foreign countries other than Canada add $6 per board shipping.

More Details? CHECK — OFF Page 158 November 1984 [@ 123



receiver sweep alignment system

No sweep generator?
Try these handy
throwaway circuits

SAWTOOTH

NN

OSCILLATOR

| —

HORIZONTAL

CRT
DIsPLAY

VERTICAL OI00E RF
]

SWEEP GENFRATOR

VOLTAGE

RF

CONTROLLED
- RF

OSCILLATOR
(vco)

RF/IF
FILTER
(UNIT UNDER

TEST)

DETECTOR

I

fig. 1. Sweep generator; the CRT (Cathode Ray Tube)
displays relative amplitude of the swept filter output.

RF
SIGNAL

GENERATOR

N

:’VAnAcran TUNED Lo )

RECEIVER
1F

ouT

(Fi6.3) !

DIODE
ODETECTOR
(FiG. 6)

SAWTOOTH
OSCILLATOR
(FIG.5)

OSCILLOSCOPE

] 5:/:; VERT
N ) N

P ——

fig. 2. Minimal configuration sweep system uses the
receiver LO (Local Oscillator] as the VCO {Voltage
Controlled Oscillator).
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When a circuit just "doesn’t sound right,”’ the ob-
vious solution is to use a sweep generator to evaluate
and align the filters. But a sweep generator may not
be available; for most of us, it's too expensive a piece
of equipment for the occasional use it receives.

This article describes how | approached this problem
in the development of an SSB receiver by adding a
few extra circuits during construction, then removing
and discarding them after use. A separate signal gen-
erator and oscilloscope were also required.

sweep measurement basics

Fig. 1illustrates a typical sweep measurement sys-
tem. The sawtooth oscillator generates a voltage
“ramp’’ which tunes the voltage controlled oscillator
frequency across the filter passband. For small fre-
quency changes, the voltage controlled oscillator often
uses a varactor (“'varicap’’) diode to change circuit
capacitance. The amplitude of the RF/IF signal com-
ing through the filter varies with (and helps define —
Ed.) the filter's frequency response, and is detected
by the diode detector. The detector output is displayed
by the oscilloscope vertical channel while the sawtooth
oscillator drives the oscilloscope horizontal channel in
step. The resulting display plots the filter's amplitude
versus frequency response. This display is used to
align filters since it gives an instant indication of cir-
cuit adjustment results. This is very handy when a
large number of interrelated circuit manipulations must
be made.

The proposed minimal sweep alignment system uses
the existing receiver local oscillator as the voltage con-
trolled oscillator. This is similar to a panoramic receiver
with a much smaller sweep range. Fig. 2 shows this
scheme as implemented in an HF SSB receiver proj-
ect. Three new circuits are added; a varactor tuning
diode, a diode AM detector, and a sawtooth oscillator
circuit.

detailed circuit description
Because the three circuits were designed to be dis-

By CIiff Klinert, WB6BIH, 1126 Division Street,
National City, California 92050



carded after use, careful consideration was given to
parts availability.

The familiar 1N4000-series of silicon rectifiers make
good ‘“‘varactor’’ diodes when biased in the linear
region. Fig. 3 shows the varactor tuning circuit using
a TN4007 connected to a typical 5 MHz oscillator tank
circuit. The circuit was tested by applying an adjust-
able DC bias voltage and measuring the correspond-
ing frequency with a counter. Fig. 4 shows the results
of this experiment for DC bias voltages from 14 to al-
maost 28 volts. Nate that the curve is almost linear.
Good linearity throughout the sweep system is re-
quired to provide an undistorted picture of the filter’'s
passband response.

The sawtooth oscillator, the heart of the system,
generates a periodic linearly increasing voltage ramp
waveform. If the oscilloscope used in this project had

35pF

TRIMMER
S MHz 100k .
—— . A AN °
71
RECEIVER 0C 8/AS OR
INdgO7 SAWTOOTH

4 L
Lo SIGNAL
o | /]7 5

fig. 3. The varactor diode acting as a voltage variable
capacitor changes the resonant frequency of an LC cir-
cuit in step with a varying DC bias.

provided a sweep output connection, the external os-
cillator might not have been required. The varactor cir-
cuit requires a linear sawtooth voltage providing a 14
to 24 volt ramp per frequency sweep. Simple sawtooth
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VARACTOR DIODE BIAS VOLTAGE (VOLTS)
fig. 4. Varactor diode tuning curve is a plot of actual data
taken from the circuit of fig. 3. The range of the swept
frequency is adequate for the SSB filter tested.

+24vDC
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2.2%
10k 0.22
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14.7 &

CONTROL

)

Mylar capacitors are used for best results.

SCOPE TRIGGER
P Y

fig. 5. The sawtooth oscillator uses an inexpensive 1C {MC1458) to both generate the ramp waveform and buffer its output.
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oscillator circuits are normally designed around uni-
junction transistors and in this case, to keep costs
down, a less expensive IC, an MC1458, (U1 of fig. 5),
was used. The 0.22 uF capacitor is charged by a
2N2222 constant current source until the MC1458
“triggers’’ and briefly shorts the capacitor back to the
positive supply voltage line. The cycle is then im-
mediately repeated. Since the 2N2222 collector cur-
rent is determined by its base and emitter bias circuit,
it is nearly constant while charging the 0.22 uF capac-
itor. This constant current ensures a linear capacitor
voltage rise with time. The other half of the MC1458,
U1B, is used as a voltage follower and provides a low

impedance, higher current version of the sawtooth
voltage at its output. The 2.5 Megohm potentiometer
controls the amount of frequency excursion, while the
25 kilohm potentiometer tunes the voltage controlled
oscillator frequency.

The diode detector provides a DC voltage that is
proportional to the RF swept signal output amplitude.
A hot carrier diode such as a TN5711, shown in fig.
6A, can be used. If a hot carrier diode is not available,
an inexpensive germanium diode that is slightly for-
ward biased can be used in its place as shown in fig.
6B. A DC return is required for the biased diode, and
the diode impedance decreases as the current in-

fig. 7. Oscilloscope photographs. Unless otherwise noted, the sweep speed is 5 milliseconds per division and vertical sensitivity
is 0.1 volt per division. The unit under test is a 9.0 MHz SSB IF amplifier using an MC1350 and surplus crystal filter.

fig. 7A. This shows a typical frequency sweep about 3.5 kHz
wide.

@uuAcH! oscwioscore v-3ozF [N

fig. 7C. The sweep speed is too low (10 milliseconds per
division). This indicates that the speed should be adjusted
to provide the desired display.
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fig. 7B. The second channel is used to display the sawtooth
signal showing its relationship to the frequency sweep.

fig. 7D. The IF amplifier is “flat topping.”” The gain or input
signal must be reduced to remove the distortion at the top
of the display.



creases. A high impedance tuned circuit will be “short-
ed out’’ by the biased diode. Adjusting the diode bias
control will produce a sharp peak in the detected signal
output. Reducing the control’s resistance near zero
will, of course, destroy the diode. A silicon diode such
as a TN914 works very poorly as a detector.

construction and installation
proceed smoothly

The circuit requires 24 volts DC which can be pro-
vided by either a bench power supply or batteries.
Connect the varactor circuit (fig. 3) to the receiver
local oscillator. Apply a variable DC bias voltage and

- adjust the varactor-tuned circuit to achieve results sim-
ilar to those in fig. 4. Make a notation of the voltage
variation required to obtain the full frequency sweep.

fig. 7E. Crystal filter load impedance is too low, resulting in
a noticeable loss of audio frequency response and confusion
in setting the BFO frequency.

OSCILLOS

I

fig. 7F. The crystal filter load impedance is high, about 6000
ohms.
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fig. 6. The diode detector is connected between the IF
or filter output coupling link and the oscilloscope ver-
tical input. The detector can also be used at the audio
output.

Assemble the sawtooth oscillator (fig. 5) and check
the results with the oscilloscope. The output voltage
should be capable of a swing nearly equal to the power
supply limits with a period of approximately 50 milli-
seconds. The circuit can be assembled on a circuit
board, but for temporary use, just solder the compo-
nents together by their leads on the bench. Stray noise
pickup may be a problem, but the large signal makes
this unlikely. The varactor diode circuit is quite sensi-
tive because of its high impedance, but no problems
were encountered when connected to the sawtooth
oscillator output.

Connect the detector probe (fig. 6) to the receiver
IF amplifier output at a point of maximum available
signal. Some experimentation is necessary with a sig-
nal generator and oscilloscope to obtain the maximum
detected output without saturating the IF amplifier.

fig. 7G. The best response was obtained with approximately
3000 ohms load impedance. This is an unusually high load im-
pedance for a crystal filter, and may indicate some problem
in the filter.
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WHAT’'S REALLY HAPPENING
IN HOME SATELLITE TV?

SATELLITE
TELEVISION
~MAGAZINE

A monthly of 100-plus pages, has all you
need to know about where to find equip-
ment, how it performs, how to install it,
legal viewpoint, & industry insights.

® $24.95 per yr. (12 monthly issues)
® $ 2.00 for Sample Issue

MONEY BACK GUARANTEE if not
satisfied (subsription orders only).
Keep first issue with our compliments.

If you already have a dish, then you need

—the best in satellite TV programming.

* Weekly Updated Listings
% All Scheduled Channels
% Complete Movie Listing
* All Sports Specials

* Prime Time Highlights

e $39.00 per yr. (52 weekly issues)
® 3 1.00 for Sample Copy

Visa® MasterCard® accepted (sub-
scription orders only). All prices in US
funds only. Write for foreign rates.

Send this ad along with your order to:

STV™/OnSat™
P.O. Box 2384 - Dept. PS
Shelby, NC 28151-2384

Subscription calls only
Toll Free 1-800-438-2020

v 211

HR
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The oscilloscope must be DC coupled with at least 0.1
volt per cm sensitivity.

Connect the sawtooth oscillator output to the varac-
tor circuit. It's easier to start with a relatively low
sweep amplitude when finding the frequency, so re-
duce the sweep signal amplitude in the beginning.
Connect the diode detector output to the oscilloscope
vertical input and synchronize the oscilloscope sweep
from the sawtooth oscillator signal. The sawtooth sig-
nal could also be connected to the oscilloscope hori-
zontal amplifier input if access is available. Tune the
receiver to the signal generator frequency and make
adjustments as required. Slowly increase the sawtooth
signal amplitude until a sweep display indication is ob-
tained. Fig. 7 shows the results obtained from an SSB
crystal filter sweep. In this case, the crystal filter out-
put impedance was varied with a potentiometer in
series with the filter output. The photographs show
IF sweeps, but similar results were obtained by con-
necting the detector to the outputs of the product de-
tector and audio amplifier. This provides analysis of
other points in the receiving system that would be use-
ful for. troubleshooting or design evaluation.

conclusions

This article presented the concept of using expend-
able circuits as built-in test equipment for use during
project construction. A handy sawtooth oscillator was
presented for those who collect simple circuits for
afternoon projects. This oscillator will find many ap-
plications in oscilloscope or spectrum analysis projects.
No construction details were presented, since the con-
cept was to show that circuits can be assembled with-
out circuit boards for prototype or temporary use and
discarded later.

ham radio
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COMPUTER PROGRAMS FOR THE 9,

RADIO AMATEUR S
by Wayne Overbeck, N6NB, and Jim
Steffen, KC6A
NOW WITH DISKS

Here's the first source book of computer programs for the
Radio Amateur. Besides covering computer basics, this
book gives you programs that will help you log, determine
sunrise/sunset times, track the Moon's path across the
sky, use Greyline propagation and set up record systems
for WAS, DXCC and VUCC, or any other award. You can
either buy the book alone or you can buy the book with
the programs already on disk. Take full advantage of your
computer with this well written source book. ©1984, 1st

edition, 327 pages.
[JHA-0657 Softbound $16.95

[(JHA-0657 with program $29.95
specify computer {see list below)
[Program disk alone $19.95

Programs available for: Apple Il (DOS and CP/M), 1BM
(D0S), TRS-80 Model | and Mode! lll and Commodore
C-64. Please mark your order with the program disk you
want.




Uncle Ben says...

“| give you
much more than
just the lowest price...

When you get that exciting new piece of
equipment from me, you know you are
going to be completely happy...

| see to it, personally! | also give - - ;

you earliest delivery, greatest trade-in U”C!erf?e’;ef;f::;' OV:J?SOH
allowances, my friendly assistance i

in every possible way. IlAnnISON

Just ask any of the many thousands of “HAM HEADQUARTERS,
hams all over the world who have been USA=" .. Since 1925!
enjoying my friendly good service
for over a half a century. 73, Uncle Ben, W2SOH
e CALL ME... e WRITE ME... ¢ SEE ME...
(516) 293-7995 For my prompt, At one of the world's largest

“ personal reply. Ham Supply Centers!
HARRISO T

HAS THEM ALL! | N &=
KENWOOD KENWOOD

TH-21A
ToEm vioE

KENWOOD
TR-2600

KENWOOD TS-830

NEW

KENWOOD

KENWOOD TS-430S KENWOOD TH-21AT

TH-41AT

- E Im Iso“ 5 “HA“ HEADQUARTERS. USA"”
@ 2263 Route 110 (at Smith St.)
n RADIO E Farmingdale, NY 11735

1-(516) 293-7995

CHARGE IT! Since 1925/

More Details? CHECK — OFF Page 158 ~ 164 November 1984 [l 129



2525252605252525 2525250525252 525252 5252522525052 SRR 552 2SRt PRS2 S25e 525252525 2525252525252505252525252525¢2

ﬁ?j!ﬂj?&dj

G2 G 22 G 252252525052 525 2505 252525252525250 525250 5252525250 52525252545¢2 5?.7.«5’5?L'.J'\.r".éEE'_-?j?.SE'}':‘_‘f\‘_Y?_S?_‘n 252525252525252525¢,,

e:.ﬂ.ew!.ewsasesﬁ'ae_sesa5es¢s§.as¢ses-’J0hn J Me S hna J r P I nc -

152525252525252525¢5252525052525252525¢

‘5\“ 1\"*
o"“

19” HI-RESOLUTION
COLOR X—Y DISPLAY

Thru a special purchase we got hold of 50 brand new 18"
color displays. They were made by Wells Gardner for one
of the largest arcade video game manufacturers in the world.
The displays feature built in red, green and blue amplifiers,
19" color tube made by Wells Gardner, User supplied
external horizontal and vertical scan oscillators which allows
precise user control over screen resolution. A real plus!
Requires 25V - 0 - 25 V input for amps, available separately.
Some spec’s for you technical people: signal inputs “'X"
horizontal 16 V. P-P +8V, “Y" vertical 12V P-P +6V:

“Z" beam drive, 4 V max brightness, 1.0 volt black level.
Writing rates “X" amp is .05 inch/usec, “Y" amp is

.0375 inch/usec. Great for making your own video games,
oscilloscope monitors, or adapting for home computer use.
Supplied with schematic. $199.00 ea.
Shpg. WL. 45 Lbs. MOT-19C 2/83756.00
Supplied with schematic. Quantity pricing available.
Shpg. Wt. 45 Lbs. MOT-19C $199.00 ea, $375.00/2

TRANSFORMER FOR ABOVE Shpg. Wt. 15 Lbs, $12.00

19 Allerton Street « Lvnn. MA 01904 « Tel: (617) 595-2275

Multi-Voltage
MICRO-
PROCESSOR
POWER
SUPPLY
BOARD

This regulated multi-voltage switching power supply board
is made by KEPCO (their part no. MRM 174 KF) and is still
in production (. . .
part of the Zorba portable PC. The four outputs are as
follows: & +5VDC@5A, +12VDC @2 8A, +12VDC G2A,
and —12VDC @ 5A. The +12VDC @ 2 A is very heavily
filtered so it could be used on a glitch free monitor. The
—12VDC @ 5 A can be changed to —5 VDC just by changing
the onboard 7912 regulator chip toa 7905.
lightweight and small size should make it perfect for many
projects. All new and provided with a schematic. The
input is jumper selectable 110/220, New, unused.
Quanity prices available.
Shpg. Wt, 2 Lbs. ea.

regular price $124.95). It was originally

The board’s

$49.95

SPL-471-33B 2/$90.00

EPSON
PRINTERS

Two surplus printers
made for the
computer industry
by Shimshu Seiki/
Epson. One prints
alpha-numeric
characters and the
other prints numer-
ic characters plus
other symbols. These
may have been intended for use in cash registers but other
uses come to mind. Good enough to print program listings,
using hard copy verification on timing devices or just for
parts. Heck, the price is right. Runson +5V and 12V,

CAD CAM KEYBOARD

. ﬁ’@u . o .l

We only have a very limited quantity of these high reliability,
beautifully layed out 8 bit, serial output keyboards. These
were made by Keytronics for use in a Cad-Cam system. The
board is made up of 3 sections. The typewriter format
section has 2 control keys plus full upper and lower case
alpha-numerics. The 42 keyswitch pad, when used with
appropriate logic, allows extensive, precise manipulations

of displayed data such as close up, moving information,
sketching, etc. The third section consists of 27 keys

which include a numeric scratch pad, 4 way cursor control
plus some command keys. On board are 3 LSI's including
an Intersit IM6402, INS8048, and NS2716 UV PROM
which contains the programs for manipulating data, plus
other circuitry and an alert beeper. The keyboard requires
+5V and —12V. Each one will come with schematics. New
and unused. Shpg. Wt. 4 Lbs. KYBRD No. 6§ $45.00

Less than 100 on hand - Order Now!

With pinout data. Shpg. Wt. 8 Lbs. (either printer).

2 New, surpl
50/60 Hz. inputs, fully regulated and filtered d. ¢. outputs, built-in ad-
!Iu’:taue overvoltage protection, and built-in adjustable current limiting

Dual Outputs: +12 or +15 vde 3 amps and - 12 or = 15 vdc 3 amps
shpg. weight 6 Ib. Model no. PS5 A
'I‘risple Outputs: 5 vdc6

Alpha numeric type SPL-466-33 A $17.50
Numeric only SPL-466-33 A $15.00
::::-::"::_%‘};;‘:.‘ S 5
LOGIC and
DISC DRIVE
POWER SUPPLIES

us power supplies made by N, J. E. . Both feature 115/230

e supplies are enclosed and come with data. 2 models listed below.

$30.00
+12 or+15 vdc 1 amp and - 12 or

vde 1 amp. Shpg wt. 6 Ib. Model no, PS6 A $35.00

Send for our free 72 page catalogue jam packed with goodies.

PHONE ORDERS for FASTEST SERVICE!
call (617) 595-2275 and Charge It!
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John J Meshna Jr, Inc.

19 Allerton Street « Lyvnn, MA 01904 = Tel: (6171 595-2275

DUAL FLOPPY DISC DRIVES
BRAND NEW, single sided, dual floppy disc drives made for Digital Equip-
ment Corp. (DEC). This beautiful piece of computer hardware consists of 2
Shugart compatible TEAC 40 track, double density, 5% mini-floppy disc
drives brand new in the case with their own regulated, switching power sup-
ply, cooling fan & on/off switch. Each unit also comes with a line cord &
documentation. These were made for DEC, Lut are also compatible with
other personal computers such as IBM, TRS 80 models |, |1, & the Color
Computer, and other Snugart compatible interfaces. Naturally, you supply
the cables and disc controller card to suit your particular system. The RX-
180 AB runs off of 115/230 VAC 50/60 Hz. w/out any modifications to
the drives. Each system comes in the original factory box and are guaran-
teed functional. A blockbuster of a buy !!
Shpg. wt. 21 Ib. stock no. RX 180AB $250.00
RX 180 AB modified to run w/ the T1 99/4A $285.00
Disc drive cable for Radio Shack Model | $15.00

HIGH SPEED KSR PRINTER TERMINAL

World famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are
now in stock ready for shipment to you. This has to be one of the finest letter qual-
ity printers ever offered at a bargain price. These terminals can be used as an RS 232
asynchronous communications terminal or used in the local mode as a typewriter.
The terminals were removed from service for upgrading. Highlights of these machines
are: Standard RS 232, full duplex, asynchronous data comm., fully formed upper and
lower case letters, 128 character ASCII set, selectable baud rates of 110, 300, or 1200
BPS, 80 columns on pin feed paper, and less weight & size than an ASR 35 teletype —
with far less racket. They are virtually electronically foolproof as every pc board is

Pico fuse protected. Should your machine not work, just check the on board fuses & f

9 out of 10 times that is where the problem lies. Schematics are provided w/ each ma-

chine sold. Current price of this machine new is over $2000.00 ! Our meager price for

this fantastic printer is only 10% of this: $200.00 each!!! Visually inspected prior to

shipment to insure completeness. Shpd. truck freight collect.  $200.00

IBM 745 SELECTRIC BASED These rugged, handsome printers were made for one of the giants
. of the computer industry, They can be used as a standard type-
TYPEWRITER PRINTERS writer or as a printer in a word processing system for true

letter quality printing. Solenoids were added to the selectric mechanism
which disabled the manual repeat function but still allows electronic
repeatl functions. It uses standard [BM typing balls. The voltage
requirements are standard 115 VAC, 5 VDC at 100 ma, and 24 VDC at

4 amps. All are new in factory boxes, but may require adjustments.

We provide literature and schematics with 1 ribbon and cleaning tools.
With the addition of our Centronics to Selectric [/O adapter, you could
easily interface this printer to almost any micro computer system.
Typewriter Printer stock no. RE 1000 A $§375.00, 745 manual $30.00
Shpg wt approx, 80 Lbs, shpd by truck, collect.

CENTRONICS TO SELECTRIC INTERFACE

This interface will adapt a Redactron Selectric 1/O typewriter mechanism
to be used as a parallel ASCII compatible printer. The parallel input

port provides compatibility to Centronics standards for both ““busy”

and “acknowledge” protocols. The interface requires only +5 VDC at
350 ma. This interface is fully buiit, less power supply, is guarenteed
operational, and comes with data. Shpg wt. 15 Ibs DE 201 A ,$245.00

Send S.A.S.E. for free data sheet

These compact, lightweight switching power supply boards
were originally made for the Texas Instrument 99 /4 A

micro computer. It measures only 4-3/4 x 4-1/8 x 1-1/4"
and putsour 45 VDC @ 1.2A, —5VDC @0.120 A, and
+12VDC @ 350A. Inputisl4 4VAC to21.6 VAC. A simple
transformer or plug in the wall adapter will do. Our

SPL 461-33 supply listed below is perfect for this board.
Each one is new, individually packaged with data, For

REGULATED
LOGIC N
POWER @
SUPPLY

TEwEm
short money, you can get a nice little power supply or BOARD VISA |
spare parts for your T1 99 /4 A, Shpg. Wt. 1 Lb. ——
Power Supply Board ~ SP53A $10.00 for -

TI 99/4A =T
AC Adapter for same, Shpg, Wt. 2 Lbs. o -

SP-461-33 £6.50

Phone Orders accepted on MC, VISA, or AMEX Syrplus Electronic Material ~ Send for our free 72 page catalogue jam
No COD’s. Tel. 1-617-595-2275 v 182 packed with goodies.



TUBES

TYPE PRICE TYPE PRICE TYPE PRICE

2C39/7289 $ 34.00 1182/4600A $500.00 ML7815AL $ 60.00
2E26 7.95 4600A 500.00 7843 107.00
2K28 200.00 4624 310.00 7854 130.00
3-5007 102.00 4657 84.00 ML7855KAL 125.00
3-1000Z/8164 400.00 4662 100.00 7984 14.95
3B28/866A 9.50 4665 500.00 8072 84.00
3CX400U7/8961 255.00 4687 P.0.R. 8106 5.00
3CX1000A7/8283 526.00 5675 42.00 8117A 225.00
3CX3000F1/8239 567.00 5721 250.00 8121 110.00
3CW30000H7 1700.00 5768 125.00 8122 110.00
3X2500A3 473.00 5819 119.00 8134 470.00
3X3000F1 567.00 5836 232.50 8156 12.00
4-65A/8165 69.00 5837 232.50 8233 60.00
4-125A/4D21 79.00 5861 140.00 8236 35.00
4-250A/5022 98.00 5867A 185.00 8295/PL172 500.00
4-400A/8438 98.00 5868/AX9902 270.00 8458 35.00
4-4008/7527 110.00 5876/A 42.00 8462 130.00
4-400C/6775 110.00 5881/6L6 8.00 8505A 95.00
4-1000A/8166 444.00 5893 60.00 8533W 136.00
4CX2508/7203 54.00 5894/A 54.00 8560/A 75.00
4CX250FG/8621 75.00 58948/8737 54.00 8560AS 100.00
4CX250K/8245 125.00 5946 395.00 8608 38.00
4CX250R/7580W 90.00 6083/A79909 95.00 8624 100.00
4CX300A/8167 170.00 6146/6146A 8.50 8637 70.00
4CX350A/8321 110.00 6146B/8298 10.50 8643 83.00
4CX350F /8322 115.00 6146W/7212 17.95 8647 168.00
4CX350FJ3/8904 140.00 6156 110.00 8683 95.00
4CX600J/8809 835.00 6159 13.85 8877 465.00
4CX1000A/8168 242.50* 61598 23.50 8908 13.00
4CX1000A/8168 485.00 6161 325.00 8950 13.00
4CX15008/8660 555.00 6280 42.50 8930 137.00
4CX5000A/8170 1100.00 6291 180.00 6L6 Metal 25.00
4CXx100000/8171 1255.00 6293 24.00 6L6GC 5.03
4CX15000A/8281 1500.00 6326 P.0.R. 6CA7/EL34 5.38
4CWBO0F 710.00 6360/A 5.75 6CLE 3.50
4D32 240.00 6399 540.00 60J8 2.50
4E27A/5-1258 240.00 6550A 10.00 6DQ5 6.58
4PR60A 200.00 6883B/8032A/8552 10.00 6GF5 5.85
4PR60B 345.00 6897 160.00 6GJ5A 6.20
4PR65A/8187 175.00 6907 79.00 6GK6 6.00
4PR1000A/8189 590.00 6922/6DJ8 5.00 6HBS 6.00
4X150A/7034 60.00 6939 22.00 6HF5 8.73
4X1500/7609 95.00 7094 250.00 6JG6A 6.28
4X2508 45.00 7117 38.50 6JM6 6.00
4X250F 45,00 7203 P.0.R. 6JN6 6.00
4X500A 412.00 7211 100.00 6JS6C 7.25
5CX1500A 660.00 7213 300.00* 6KN6 5.05
K188 27.50 7214 300.00* 6KD6 8.25
4168 45.00 7271 135.00 6LF6 7.00
416C 62.50 7289/2C39 34.00 6LQ6 G.E. 7.00
572B/T160L 49.95 7325 P.0.R. 6LQ6/6MI6 Sylvania 9.00
592/3-200A3 211.00 7360 13.50 6ME6 8.90
807 8.50 7377 85.00 12AT7 3.50
811A 15.00 7408 2.50 12AX7 3.00
812A 29.00 7609 95.00 12BY7 5.00
813 50.00 7735 36.00 12JB6A 6.50
NOTE * = USED TUBE NOTE P.O.R. = PRICE ON REQUEST

"ALL PARTS MAY BE NEW, USED, OR SURPLUS.

ARE OUT OF STOCK OF AN ITEM.

NOTICE:

Toll Free Number
800-528-0180
(For orders only)

“All parts may be new or
surplus, and parts may be
substituted with comparable parts
if we are out of stock of an item.”

ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE.

PARTS MAY BE SUBSTITUTED WITH COMPARABLE PARTS IF WE

For information call: (602) 242-3037

cM“H z electronscy

PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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“FILTERS”

COLLINS Mechanical Filter #526-9724-010 MODEL Fu455Z32F

455KHZ at 3.2KHz wide. May be other models but equivalent. May be used or new, $15.99
ATLAS Crystal Filters

5.595-2.7/8/1SB, 5.595-2.7/1SB )

8 pole 2.7KHz wide Upper sideband. Impedence 800cohms 15pf In/800chms Opf out. 19,99
5.595-2.7/8/U, 5.595-2.7/USB

8 pole 2.7khz wide Upper sideband. Impedence 800chms 15pf In/800chms Opf out. 19,99
5.595~.500/4, 5.595-.500/4/CW

4 pole 500 cycles wide CW. Impedance 800chms 15pf In/800chms Opf out. 19.99
9.0USB/CW

6 pole 2.7KHz wide at 6dB. Impedance 680otms 7pf In/300ohms 8pf out. CW-1599Hz 19.99

KOKUSAI ELECTRIC CO, Mechanical Filter #MF-455-ZL/ZU-21H
455KHz at Center Frequency of 453,5KC. Carrier Frequency of 455KHz 2,36KC Bandwidth,
Upper sideband. (ZU) 19.99
lower sidebard. (ZL) 19.99

AR R R RS R R R R R R R SR 2 2222222222 2SR RS SRS RS R R 2R A RS2 R R R AR R R RS L SR

CRYSTAL FILTERS

NIKKO FX-07800C 7.3MHz $10.00
TEW FEC-103-2 10.6935MHz 10.00
SDK SCH-113A 11.2735MHz 10,00
TAMA TF-31H250 CF 3179.3KHz 19.99
TYCO/CD 001019880 10.7MHz 2pole 15KHz bandwidth 5,00
MOTOROLA 4884863B01 11.7MHz 2pole 15KHz bandwidth 5.00
PTI 5350C 12MHz 2pole 15KHz bandwidth 5.00
PTI 5426C 21.4MHz 2pole 15KHz bandwidth 5.00
PTI 1479 10.7MHz 8pole bardwidth 7,5KHz at 3dB, S5KHz at 6dB 20.00
COMTECH Al0300 45MHz 2pole 15KHz bandwidth 6.00
FRC ERXF-15700 20.6MHz 36KHz wide 10.00
FILTECH 2131 CF 7.825MHz 10.00

LRSS EEREEEESEIEEZAE SRS SRR R SRR RREE R SRR R AR R R R R R R R EEEEEERSE]R.]

CERAMIC FILTERS

AXEL 4F449 12.6KC Bardpass Filter 3dB bandwidth 1,6KHz from 11.8-13.4KHz 10.00
CLEVITE TO-01A 455KHz+~2KHz bandwidth 4-7% at 3dB 5.00
TCF4-12D36A 455KHz+—~1KHz bandwidth 6dB min 12KHz, 60dB max 36KHz 10.00
MURATA BFB455B 455Ktz 2.50
BFB455L 455KHz 3.50
CFM455E 455KHz +5.5KHz at 3dB , +-8KHz at 64B , +-16KHz at 50dB 6.65
CFM455D 455KHz +-7KHz at 3dB , +-10KHz at 6dB , +-20KHz at 50dB 6.65
CFRA55E 455KHz +5.5KHz at 3dB , +8KHz at 6dB , +-16KHz at 60dB 8.00
CFU455B 455KHz +-2KHz bandwidth +-15KHz at 6dB, +-30KHz at 40dB 2.90
CFU455C 455KHz +-2KHz bandwidth +-12.5KHz at 64B , +-24KHz at 40dB 2.90
CFU455G 455KHz +1KHz bandwidth +-4,5KHz at 64dB , +10KHz at 40d4B 2.90
CFU455H 455KHz +1KHz bandwidth +-3Kliz at 6dB , +-9KHz at 40dB 2,90
CFU4551 455KHz +-1KHz bandwidth +-2KHz at 6dB , +-6KHz at 40dB 2.90
CFW455D 455KHz +-10KHz at 6dB , +-20KHz at 40dB 2.90
CFW455H 455KHz +-3KHz at 64B , +-9KHz at 40dB 2.90
SFB455D 455KHz 2.50
SFD455D 455KHz +-2KHz , 3dB bandwidth 4.5KHz +-1KHz 5.00
SFE10.7MA 10.7MHz 280KHz +-50KHz at 3dB , 650KHz at 20dB 2.50
SFE10.7MS 10,7MHz 230KHz +-50KHz at 33B , 570KHz at 20dB 2.50
SFG10.7MA 10.7MHZ 10.00
NIPPON LF-B4/CFU4551  455KHz +-1KHz 2.90
LF-B6/CFU455H 455KHz +-1KHz 2,90
LF-B8 455KHz 2.90
LF-C18 455KHz 10.00
TOKIN CF455A/BFU455K 455KHz +—-2KHz 5.00
MATSUSHIRA EFC-LA55K 455KHz 7.00
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SPECTRA PHYSICS INC, Model 088 HeNe LASER TUBES

POWER OUTPUT 1.6MW, BEAM DIA. .75MM BEAM DIR. 2.7MR 8KV STARTING VOLTAGE DC
68K OHM 1WATT BALLAST 1000VDC +-100VDC At 3.7MA $59.99

ROTRON MUFFIN FANS Mode]l MARK4/MU2AL

115 VAC 14WATTS ) 50/60CPS IMPEDENCE PROTECTED-F 88CFM at 50CPS S
105CFM at 60CPS THESE ARE NEW

7.99

Toll Free Numbe
&\l“le electronicsg 800-526.0180

PRICES SUBJECT TO CHANGE WITHOUT NOTICE (FOl’ orders °n|Y)

"All parts may be new or
surplus, and parts may be
substituted with comparable parts
it we are out of stock of an item "

For information call: (602) 242-3037

More Details? CHECK — OFF Page 158 November 1984 133




RF TRANSISTORS

TYPE, PRICE TYPE PRICE TYPE PRICE TYPE PRICE
2N1561 $25.00 2N5920 $ 70.00 40608 RCA $ 2,48 BFY90 $ 1.50
2N1562 25.00 2N5921 80.00 40673 RCA 2.50  BLW60CS 15.00
2N1692 25.00 2N5922 10.00 40894 RCA 1.00 BLX67 12.25
2N2857 1.55 2N59273 25.00 60247 RCA 25.00  BLX67C3 12,25
2N2857JAN 4,10 2N5941 23.00 61206 RCA 100.00  BLX93C3 22,21
IN2857JANTY 4,50 2N5942 40.00 628004 RCA 60.00  BLY87A 7.50
2N2876 13,50 2N5Y44 10.35 62803 RCA 100.00  BLY88C3 13.08
2N2947 18.35 2N5945 10.00 430414/3990RCA 50.00  BLY89C 13.00
2N2948 13.00 2N5946 12.00 3457159 RCA 20.00  BLY90 45,00
2N2949 15.50 2N5947 9.20 3729685-2 RCA 75,00  BLY92 13.30
2N3118 5.00 2N6080 6.00 3729701-2 RCA 50,00  BLY94C 45,00
2N3119 4.00 2N6081 7.00 3753883 RCA 50.00  BLY351 10.00
2N3134 1.15 2N6082 9.00 615467-902 25.00 BLY568C/CF 30.00
2N3287 4.90 236083 9.50 615467-903 40,00 C2M70-28R 92.70
IN3288 4.40 2AN6084 12.00 25¢568 2.50 C25-28 57.00
2N 3309 4.85 2N6094 11.00 28C703 36.00  C4005 2.50
2N3375 17.10 2N6095 12.00 2SC756A 7.50  CD1659 20.00
2N3478 2.13 2N6096 16.10 28C781 2.80  CD1899 20.00
2N3553 1.55 2N6097 20.70 28Cl1018 1.00  ¢D1920 10,00
2N3553JAN 2.90 2N6105 21,00 25C1042 24,00  Ccp2188 18,00
2N3632 15.50 2N6136 21.85 2S5C1070 2.50 CD2545 24,00
2N3733 11.00 2Nb166 40,24 25C1216 2.50  CD2664A 16.00
2N3818 5.00 2N6267 142.00 28C1239 2.50 Cch3i67 92.70
2N3866 1.30 2N6304 1.50 28C1251 24,00 CD3353 95,00
2N3866JAN 2.20 2N6368 30.00 25C1306 2.90 CD3435 26.30
2N3866JANTX 3.80 2N6439 55.31 258C1307 5.50  CD3900 152.95
2N3866JANTXV  4.70 2N6459 18.00 2SC1424 2.80  CM25-12 20.00
IN3866AJANTXV  5.30 2N6567 10.06 28C1600 5.00  CM40-12 27.90
2N3924 3.35 2N6603 13.50 25C1678 2,00 CM40-28 56,90
2N3926 16,10 2N6604 13.50 25C1729 32,40 CME50-12 30,00
2N3927 17.25 2N6679 44.00 25€1760 1.50  CTC2001 42,00
2N3948 1.75 2N6680 80,00 25C1909 4.00 CTC2005 55.00
2N3950 25.00 021~ 15.00 28C1945 10.00  CTC3005 70.00
2N3959 3.85 01-80703T4 65.00 28C1946 40,00  CTC3460 20,00
2N4012 11.00 35C05 15.00 25C1947 10,00 DV2820S 25.00
2N4037 2.00 102~ 28.00 28C1970 2.50 DXL1003P70 22.00
2N404 1 14.00 103-1 28.00 28C1974 4,00  DXL2001P70 19.00
2N4072 1.80 103-2 28.00 25C2166 5.50  DXL2002P70 14,00
2N40BO 4,53 104P 1 18.00 28C2237 32.00 DXL350LAPIOOF 47,00
2N4127 21.00 163pP1 10.00 25C2695 47.00  EFJ4015 12.00
2N44 L6 2.25 181-13 15.00 A2X1698 POR EFJ4017 24,00
2N4427 1.25 210-2 10.00 A3-12 14,45 EFJ4021 24,00
2N4428 1.85 269-1 18.00 A50-12 24,00  EFJ4026 35.00
2N44 30 11.80 281-1 15,00 A209 10.00  EN15745 20.00
2N4927 3.90 282-1 30.00 A283 6.00  FJ9540 16.00
IN4957 3.45 482 7.50 A2873B 6.00  FSX52WF 58,00
2N4959 2,30 564-1 25,00 A1610 19.00 65739 25.00
2N5016 18,40 698-3 15.00 AF102 2.50 (65386 25,00
2N5026 15.00 703-1 15.00 AFY12 2.50  (MO290A 2.50
2N5070 18.40 704 4.00 AR7115 20.00 HEPT76 4.95
2N5090 13.80 709-2 11.00 AT41435-5 6.35  HEPS3002 11.40
2N5108 3.45 711 4.00 B2-8Z 10.70  HEPS3003 30.00
INS109 1.70 733-2 15.00 B3-12 10.85 HEPS3005 i10.00
2N5160 3.45 798-2 25.00 B12-12 15.70  HEPS3006 19.90
2N5177 21.62 3421 28.00 BALO204125 152.95 HEPS$3007 25.00
2N5179 1.04 3683P1 15.00 BF25~35 56.25 HEPS3010 11,34
2N5216 56,00 3992 25.00 B40~12 19,25 HF8003 10.00
2N5470 75.00 4164P) 15.00 B70~12 55.00 HFET2204 112.00
2N5583 3.45 4243pP1 28.00 BF272A 2.50  HP35821 38,00
2N5589 9.77 4340P3 18.00 BF(85 2.50 HP35826B 32.00
2N5590 10.92 4387P1 27.50 BFR21 2.50 HP35826E 32.00
2N5591 13.80 7104-1 28.00 BFR9O 1.00 HP35831E 30,00
2N5596 99.00 7249-2 10.50 BFR91 1.65 HP35832E 50.00
2N5636 12,00 7283-1 37.50 BFR99 2.50 HP35833E 50,00
2N5627 15.50 75361 30.00 BFTJ2 2.50 HP35859E 75,00
2N5641 12,42 7794~1 10. 50 BFW16A 2.50 HP35866E 44,00
2N5642 14,03 7795 15.00 BFWL7 2.50  HXTR2101 44,90
2N5643 25.50 7795-1 15.00 BFW92 1.50  HXTR3101 7.00
2N5645 13.80 7796~1 24,00 BFX44 2.50 HXTR5101 31.00
2N5646 20.70 7797-1 36.00 BFX48 2,50 HXTR6104 68.00
2N5651 11,05 40081 RCA 5.00 BFX65 2.50  HXTR6105 31,00
2N5691 18.00 40279 RCA 10.00 RFX84 2.50 HXTR6106 33.00
2N5764 27,00 40280 RCA 4,62 BFX85 2.50 1310 1.00
2N5836 3.45 40281 RCA 10,00 BFX86 2.50  J02000 10.00
2N5842 8.45 40282 RCA 20.00 BFX89 1.00  Jo2001 25.00
2N5847 19.90 40290 RCA 2.80 RFYILL 2.50  JO4045 24,00
2N5849 20.00 40292 RCA 13.05 BFY L8 2.50  KD5522 25.00
2N5913 3.25 40294 RCA 2.50 BFY19 2,50 KJ5522 25.00
2N5916 36.00 40341 RCA 21.00 BFY 39 2.50 M1106 13.75
Toll Free Number .., ...c may oe new o PRICES SUBJECT TO CHANGE WITHOUT NOTICE

800'528"01 80 z:t:s::jxédam:?n cpoarT::)SararSIzi)azz m
(FOr orders on'y) it we are out of stock of an item.” z electroq’cs

For information call: (602) 242-3037
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M1107
M1131
M1132
M1134
MIllé
M9579
M9580
M9587
M9588
M9622
M9623
M9624
M9625
M9630
M9740
MI741
M9755
M9780
M9827
M9848
M9850
M9851
M9860
M9887
M9908
M9965
MM1500
MML 550
MM1552
MMLE553
MM1607
MM1614
MM1810
MM1810
MM1943
MM2608
MM3375A
MM4429
MM8000
MM8006
MMBO11
MPSU31
MRA2023-1.5
MRF 134
MRF136
MRF171
MRF208
MRE2[2
MR¥221
MRF223
MRIF224
MRF227
MRF230
MRF231
MRF2 32
MRF237
MRF238
MRF239
MRF245
MREZ247
MRF 304
MRF 306
MRF313
MRF314
MRF315
MRF316
MRF317
MRF412
MRE420
MRF421
MRF422
MRF427
MRF428
MRF433
MRF449/A
MRF450/A
MRF452 /A
MRF453/4
MRF454 /A
MRF455/A

$16.75
5.15
7.25
13,40
29.10
6.00
7.95
7.00

7.95

20.12
16.00

Toll Free Number

800-528-0180

(For orders only)

surplus,

RF TRANSISTORS (CONTINUED)

MRF458
MRF464
MRF466
MRF472
MRF475
MRF476
MRF477
MRF479
MRF492
MRF502
MRFS503
MRF504
MRF509
MRF511
MRF515
MRF517
MRF525
MRF559
MRF587
MRF605
MRF618
MRF626
MRF628
MRF629
MRF641
MRF644
MRF646
MRF648
MRF816
MRF823
MRF846
MRF892
MRF894
MRF901 3 Lead
MRF901 &4 Lead
MRF902/2N6603JAN
MRF902B
MRF904
MRF905
MRF9 11
MRF965
MRF966
MRF1000MA
MRF 1004M
MRF2001
MRF2005
MRF5176
MRF8004
MSC1720-12
MSC1821-3
MSC1821-10
MSC2001
MSC2010
MSC2223-10
MSC2302
MSC3000
MSC3001
MSC72002
MSC73001
MS5C80064
MSC80091
MSC80099
MSC80593
MSC80758
MSC82001
MSC82014
MSC82020M
MSC82030
MSC83001
MSC83003
MSC83005
MSC83026
MSC83303
MSC84900
MT4150
MT5])26

MT 5596 (2N)
MT5768(2N)
MT8762
NEO2136

$20.70
25.30
18,97
1.50
3.10
3.16
20.00
8.05
23.00
1.04
6.00
7.00
5.00
10.69
2.00
2.00
3.45
.76
11.00
20.00
25.00
12,00
8.65
3.45
25,30
27.60
29,90
33.35
15.00
20.00
44,85
35,50
46,00
1.00
2,00
15,00
18.40
2,30
2.55
2.50
2.55
3.55
32,77
31.05
41.74
54.97
24,00
2,10
225,00
125.00
225,00
30.00
93.00
245,00
POR
35.00
38.00
POR
POR
35.00
10.00
3.00
POR
POR
33.00
33.00
130.00
33.00
40,00
82.00
70.00
POR
POR
60,00
14,40
25,00
99.00
95.00
25.00
2,00

““All parts may be new or

and parts may be

substituted with comparable parts

if we are out of stock of an item.”

For information cal!: (602) 242-3037

NE0O2160ER
NE021350
NE13783
NE21889
NE57835
NE64360ER-A
NE64480 (B)
NE73436
NE77362ER
NE98260ER
PRT8637
PT3127A
PT3127B
PT3127C
PT3127D
PT3127E
PT3190
PT3194
PT3195
PT3537
PT4166E
PT4L76D
PT41868
PT4209
PT4209C/ 5645
PT4556
PT4570
PT4577
PT4590
bPT4612
PT4628
PT4640
PT&4642
PT5632
PT5749
PTE612
PT6619
PT6708
PT6709
P16720
PT8510
P18524
PT8609
PT8633
PT8639
PT8659
PT8679
PT8708
PT8709
PT8727
PT8731
P18742
pPT8787
PT8828
PT9700
PT9702
PT9783
PT9784
PT9790
Pratngs
PT31962
PTX6680
REA754
RE3789
RF35
RF85
RFL10
550-12
53006
53007
$3031
SCA3522
SCA3523
SD345
SD44S
SDL004
SDL007
SD1007-2
SD1007-4
SD1007-5

$100.00
5.30
61.00
43,00
5.70
100.00
94.00
2.50
100.00
100.00
25,00
5.00
5.00
20.00
20.00
20,00
20.00
20.00
20.00
7.80
20.00
25,00
5.00
25.00
25,00
24,60
7.50
20.00
5.00
20,00
20.00
20.00
20.00

5.00
15.00
15.00
15.00
15.00
15.00

SD1009
SD1009-2
SD1012
SD1012-3
Splol2-5
SD1013
SD1013-3
SD1013-7
Sblol6
SD1016~5
SD1018-~4
SD1018-6
SD1018-7
SD1018-15
SD1020-5
sp1028
SD1030
SD1030-2
SD1040
SD1040-2
SD1040-4
SD1040-6
SD1043
SD1043-1
SD1045
SB1049-1
SD1053
sSDL0OS7
SD1065
SD1068
SD1074-2
SD1074-4
SD1074-5
SD1076
sD1077
SDI1077-4
SD1077~-6
SD1078-6
SD1080-7
SD1080-8
SH1080-9
SD1084
SD1087
SD1088
sSn1088-8
SD1089-5
SD1090
501094
SD1095
5010981
Sh1100
SD1109
SD1115-2
SDI115-3
SD1115-7
Sniité
SD1118
Spitlyg
Spl1124
SD1132-1
SD1132-4
Sp1133
Spil33-1
S01134-1
SD1134-4
SD1134-17
Sp1135
Spi135-3
SD1136
SD1136-2
SD1143-1
SD1143-3
SD1144
SD1145-5
SD1146
SD1147
SD1188
SD1189
SD1200
SD1201-2

$15.00
15,00
10.00
10.00
10,00
10.00
10,00
10.00
15,00
15.00
13.00
13.00
13.00
13.00
10.00
15,00
12,00
12,00
5.00
20.00
10.00
5.00
12.00
10.00
3.75
2.00
4.00
10.00
4,75
15.00
18.00
28,00
28,00
18,50
4,00
4.00
4.00
24,00
7.50
6.00
3.00
8,00
15,00
22.00
22.00
15.00
15.00
15,00
15.00
36.00
5.00
18.00
7.50
7.50
2,10
5.00
22.00
5,00
50.00
15.00
12.00
9.50
10.00
2.50
12.00
12.00
10.25
12.00
12.50
12.50
10,00
17.00
4.00
15.00
15.00
15.00
10.00
24,00
1.50
15.00

SMH z electronicy

PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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RF Tra nsistors (contlnued)

13.00 SKF2917
ARFI9I8
SRr2919
Flaziry
006
5 501317 BOAL 554132
S01218 sDi Mg TAT68S
SDI219-4 5013438 TARSS9
SD1219-3 ShlAT-1 TABSS
SD1219-8 S0 TABSEZ
013655 i SD1430-2 TABSH)
501173 I8.00  5DI&}4 SLA0L-59 TABSHA
5013754 18,00 SDI& M-y SLY01-41) TABRSL
5 - 8.00 SD14 4= 1714 TIS 189
501 380~ 1 10.00 5014 sRriiz ™2
S0l ye0- 3 10,80 sDlasl SAFIS TrIOL&
S01380-7 SDIAs2 SRFIS0 TFiO28
SD140% SDI&4A SRFT69N TRE]
SD1408 SDaka=B SRFBATR TXVFZ201/HF
SD140% SDI&44-Y SRP9E9N v212-2
i SDI&As SAF100% VAIOIE
sD1830-1 SREIDIN vils
sD1es) SRFLOTA
BNC To Banana Plug Coax Cable RG-58 36 inch or BNC to N Coax Cable RG-58 36 inch.
$7.99 or 2 For $13.99 or 10 For $50. SB.99 or 2 For $15.99 or 10 For $60.00
)
s
u 1 COAXIAL RELAY SWITCHES SPDT
4’_ Amphenol FXR FXR
Part # 316-10102-8 Part & 300-11182 Parc # 300-11173
18101058 115Vac Type BNC DC to 3 GHaz. 120Vac Type BNC DC to 4 GHz. 120Vac Type BNC Same
CRALE FSN 5985-543-1225 FSN 5985-543-1850

r. [ u ! $29,99 $39.99 §39.99

TERMS DOH(SHC Prapaid, COD. of Creait Card
MGM: Prapaid only, US Funds, Money Order, or Cashier's Chack Only

»

coos .u:upt Ietephone of Paymant from custome: will be by Cash, Money Order, or Cashier's Check We s sorry  POSTAGE: M diing in the U.S., Canada, lndh:lcoln”ﬂ)luwwnoamp
But we cannot mltm"'wbﬂblCODﬂnmmwnrMWMW'-ﬂ"@w ments. all ather countriea 11{5.':0 Alr rates ai r?nailnbh al the t time of your order allfu»gm
FIRMING ORDERS: Vo wosd peater Nt corllrming ordars not be sant alar 8 lalephcre cide Nas bewn placed if company gmti’ Include 25% of the ordered amount for shipping and handling. C.O.D's are shi
whc neceasiiales & confirming order, plesse mark FIRMING™ bokdly on tha orde It Mm o duplicate shipmants oc
10 &N order which I8 ol progerly marked, tha customer will ba hekd reponsible for sy charges |ncurmed, phus & 15%
-moor charge on the miurned pars PREPAID ORDERS: Orders musl be accompanied by a check .
COROIT CARDS: We are.now acospiing MARTERCAND, VIRA, AMD AMEMGAN ENFRERS PRICES: Prices are subject 10 change withoul notice

DATA BHEETS: When we have dats shests in s10Ck On Jevices wa wiil supDly Iherm eilh Ihe ofder

DEFECTIVE MATERIALS: All ciaime for defectrvs materials musi be made within 30 DAYS after receipt of ihe parcel All ciaims P URCHASE ORDERS: We accept purchase orders only when they are accompanied by a check

st inciude tha dotective matenal Tead PUrpOses). & cOPy Of 0wl INVOICE, 8Nd & feturn BUthONZsHon Number which must be o~ ™

abtmined 1o shippang the wmﬂgm-?ﬁ o us. This can be obtained by e nna M?uw o sending us & wum RESTOCK C# It parts are to MHZ ELECTRONICS, INC. due to customer om:tbgh
Dus 19 actures warTanties we are unable 10 replace of issus credil on ilems been soldered o or have been  cusiomer will ba held responsibie for all fees Incurred and will be charged a 15% RESTOCK
ahtared in any way. All refurn feme must be packed propery of 1t will vosd afl warrantion w-m N1 RSB reaponsinitity o ship CHARGE with the remainder in CREDIT ONLY. The following must accompany any lvlm A copy of
Plag ahd handiing charges incurred our invoice, return authorization number which must be ob for to

AY: Ordors arm usualty shipped (he sama day they ar placed of the nax business day, Unkss we ar out of stock on an  back. Returna must be done within 10 DAYS of receipt of parcel. Raturn ailiarizetion aumbete ot
Wﬂw :mrum:t.:ll m_m».rm by post card it -'. -':'wnq 10 backonde: (he ilem Our na'v)u pping method s UPS o US b oblained by calling (802) 2428918 or notitying us by posi card. Return authorizations will not be
Mail e mmmlmma the pachage Tesi Equipmant s shipped ondy by air and is Treight coflect. unless 0A0F  given out on our number
v st Approeed

FOREIGH ORDERS: All loreign orders musl te prepeid with 8 Cashiers Ghock, of Money Ored made o in US FUNDS ONLY  SALES TAX: ARIZONA residents must m 6% sales tax, unless a signed ARIZONA resale lax card

W are sofry tut C.OD. is not available 10 forsign countries and isflers of credil am unaccaptabie an & fom of paymant Further |8 curmently on file with us. All otm&! by persons outside of ARIZONA, but delivered to per-
Information is svailatie on meguest sons in ARIZONA are subject to the 6% sales fax
HOOURE: Monsiy Tl Priey B30 R, 0 £00 A8 Batdhge 30 4. 10 k00 0 SHORTAGE OR DAMAGE: All claims for shortages or damages must be made within 5 DAYS of

INSURANCE: Plaane inciude 25¢ tor sach additional §100 00 over $100.00, LIPS ONLY Al insured packages are shipped thiu UPS  raceipl of parcel. Claims must include a copy ol our involce, along with a return authorizalion

anly I you wish 1o have if shipged through tha post office thers s & §5.00 fes which is sddifional o Ihe shipoing. handiing and ' nyumber which can be obtained by contacting us al (602) 2428916 o ding a post card.

i tions cannol be on our B0O number. All items must be property un:luod I lt.m‘:.w r':m pr::'lrly

OPEN ACCOUNTS: We » A e— packed make sure 1o contact the carrier so thal they can come out and I#Icl the package before
ho i sbrlodeindonet sl . it is returned to us, leonmmchdomlnotlfy ulwllmnminlmm will be hold responsibile

ORDER FORMS: Now order forma arm inchuded wilh asch order for your convenence Addilional order forma ars wwslable 00 for the gntire order as we will consider the order complet

reguen

ARTS: sorve the right 1o substitut ace any item with a part of equal or comparable OUR BO0 NUMBER IS STRICTLY Fon ORDEFB ONLY (800) 528-0180. INFORMATION CALLS ARE
:psclhcmmm i LA PR & TAKEN ON (602) 2428916 or (602) 242-303

===
S8 =
===

z e For information call: (602) 242-3037
All parts may be new or
surplus. and parls may be Toll Free Number

elec‘ro ICH substituted with comparable parts
2111 W. CAMELBACK ROAD IIL WO e DUl Ot Shon SURR T .’.‘:’.ﬁ"’ﬁ."’l’ﬂmw

PHOENIX, ARIZONA 85015
% PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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Griranttass Even Further
WAS $39.95 retail

\ NOW $9.95

SAVE 75% off the
regular retail price

SUPER deal with the publisher allows us to drop the price of the Bill
Orr RADIO HANDBOOK to the low, low price of just $9.95!

RADIO HANDBOOK by Wiliam Orr, WeSAI

Some selected subjects covered include:

Electronic Fundamentals FM and Repeaters HF General Purpose Antennas
Semiconductor Devices RFI Fixed Directive Arrays

Vacuum Tube Principles Equipment Design Rotary Beam Antennas

Special Microwave Tubes Transmitter Keying and Control VHF & UHF Antennas

Radio Frequency Power Amplifiers ~ Power Supplies Test Equipment

SSB Transmission and Reception Radiation and Propagation The Oscilloscope

Amplification of RF Energy The Transmission Line Construction Practices

Frequency Synthesis Antenna Matching Systems Electronics Math and Calculations

This book certainly is one of the finest reference sources available today. The
22nd edition reflects the very latest in state-of-the-art techniques in a compre-
hensive single source reference book. Invaluable for hams, electronics techni-
cians, design engineers, and hobbyists alike. Over 1,000 pages of information
found in earlier editions plus more on antennas, amplifiers, theory, and semi-
conductors to name just a few of the updated sections. The Radio Handbook is
chock-full of practical, tested projects that run from high powered RF amplifiers
and state-of-the-art equipment to ‘‘Weekender’’ type projects to upgrade overall
station performance. This book will be of interest to all levels of electronic ex-
pertise. At this special price, you can’t afford to pass up a value like this. Order
yours today. 1136 pages. ©1981. 22nd edition.

(121874 Hardbound Limited quantities are available. Order now. $9.95

Please add $3.00 to cover shipping & handling.
This is the very latest edition. No new edition is about to be issued. This is not a close out.

r3dio.... BOOKSTORE

GREENVILLE, NH 03048 (603) 878-1441

More Details? CHECK — OFF Page 158 November 1984 [ 137



THE FIRST NAME IN
ELECTRONIC TEST GEAR

il 4

| a ] ® i gy
20 MHz llUAI. THAGE DSBII.I.I]SGUPE 45 MHz DUAL SWEEP OSCILLOSCOPE

quality al an price, the Ramsey oscilloscope s 95 * The Ramsey 625 & 8 Ousl lme base, Ostayed bweep uiil Ihat inChaes § Dull-n sgnal *
cornmms o others costing hundreds more. Fealures include a com- 399 delay kne 10 permil Cleer viewing dunng very shor e imes of high Wequency wave: sng”
ponent testing circuil lor resistor, capacitor, digital cirewil and diode Ymn II'J!'I-r 'b-mf)v- n_:\nn'::m g l\m!t. A 0 .;».Enm l‘-wl-‘m- ranges
festing «"TV oo sync e » wide Sancidh & Nigh sensily s i e St G I 41 e BISAD T A o o 2

ternal graticule » front panel trace rotator = Z axis * high sensitivity o T et g tunin sl pebers el giore s mmm*:'m; -

xy mode = regulated power supply * buill-in calibrator » rock solid * Sweep QUE Bnd TWeep DU * BuID KCUS * Single Bweep *USA — sdd 1000 per

Ir ing. *USA — add $10.00 per unit for postage, overseas orders i lor poSIage, Overseas oroee dd 15% of lotel order ko msured surlace mad

add 15% of lolal order for insured surtace mail

RAMSEY D-1100 NEW RAMSEY 1200 .\ RAMSEY D-3100
VOM MULTITESTER VOM MULTITESTER DIGITAL MULTIMETER

Compact and reliable, designed o Check transistors, diodes and = hmes Reliable, sccurate digital mea
service a wide variaty of equipmeni i SUre al an amazingly low
patures inc |u(lo ® mirros K b || color coded push
t cC 18, speeds range selection
uble ove: rI(].I"J _ . s 34" mirrored scale ¢ N 34 plastic 1ilt stand ¢ recessed
1 ideal low cost un.rr W polarity swilch ® 20 measuring ¥ inpul jacks ® overioad prolection
pf OF &5 @ spare back-up - ranges * salely probes » high | s all ranges ® 3% digil LCD dis
. impact plastic case 4 play with auto zero, auto polarity

- . & low BAT indicator
tost leads and
5 batlery included S, 4 ™ s 2 4 95 et ".:‘T.Lf.ﬂm . 34 995 eads and

ry included

CT-70 7 DIGIT 525 MHz CT-90 9 DIGIT 600 MHz CT-125 9 DIGIT 1.2 GHz
COUNTER COUNTER COUNTER

r ce Foatures The most versatile lor less than $300. Features ! A 9 digit counter that will oulperform units cost 5 # lab bench counter wilh optional
uency ranges sach with pre amp * dual selectable g limes * 9 digits ® gale indic ing hundréds more. ® gate ingicator ® 24mV @ . 3 frequancy adapter, which turns the CT
gate limes ® gate aclivily indicator ® display hold ® 25mV @ 150 MHZ typ I sen 150 MHz typical se ity ® 9 digit display 50 into a dig readout lor Mos! any receiver
50 MHZ typiCal Sensitivity ® wide sitivity ® 10 M2 tmabase tor WWYV bration * 1 ppm accuracy ® display hold ® dual inputs * 5 mV @ ) MHz typical sensitivity = B digit
ange ® % ppM ACCUTACY * 1 ppm accuracy with preamps display ® 1 ppm accuracy

Il d lude: wod include:
s-| 1995 i $14995 ;o $16995 ;o $16995 ...
70 kit ;| CT-90 kit $120.95 BP-4 nicad pach | CT-50 kit

N.'. 4 nicad pack A OV-1 01 PPM oven hmabase 59.95 AA-1 receiver adapler kit
BP-4 nicad pack B.95

| === o
| I

PS-2 AUDIO MULTIPLIER PR-2 COUNTER PREAMP PS-1B 600 MHz PRESCALER

| quality at obbyist price I The P5-2 is handy tor high resolu i The PR-2 is ideal tor m pik 5 Extends tha range ol your presant counter 1o
26 diftare i d5 resalution measurements, multij " . from 10 000 MHz # fial ] : 600 MHz * 2 stage preamp ® divide by 10 cir
easurL connectors ¢ greal lor -\r..llm; AF « ideal Cuitry ® sensitivity. 25mV @ 150 MHz ® BNC

s m 10 or 100 © 001 H Sution 8 receiver/TV preamp connecions ® drives any counler

- ) nal preamp/conditiones
$1 1 995 e $4995 . 54495 i $5995 i

P52 kil

T TEAMS: = satislaction guaranteed = examine lor 10 days. il not pleased, return in
AGCESSORIES FOR N“MSE" COUNTEHS k original form for refund = add 6% lor shipping and insurance to a maximum of
Telescopic whip antenna—BNC plug .. $§ 8.95 $10.00 » pverseas add 15°: lor surlace mail » COD add $2.50 (COD in USA only)

High impedance probe, lightloading . .. 16.95 IPHONE ORDERS CALL - orders unser $1500 360 $150 « KY residents add 7° sales lax « 80 day paris

warranty on all kils « | year paris & labor warranty on all wired units

Low pass probe, audio use . . . 16.95
Direct probe, general purpose use ‘ 7'6-586-3950 RAMSEY ELECTRONICS, INC.
Tilt bail, for CT-70, 90, 125 enans 38 2575 Baird Rd.
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products

the Century 22

Ten-Tec has announced the return of the Ten-
Tec Century transceiver. The Century 22 is a
50-watt, 6-band CW transceiver that features a
variable audio filter, automatic gain control, an
SWR bridge, automatic level control, and an
electronically switched "“S" meter.

The Century 22 measures 4 x 10 x 10.5in-
ches (256 x 101 x 29 cm), weighs 6 pounds (2.7
kg), and is priced at $389.

For information, contact Ten-Tec, Inc.,
Sevierville, Tennessee 37862,

7-band scanning radio

Heath Company has introduced the only kit-
built scanner to cover aircraft, marine and public
service bands, all in one unit. The GR-740
40-Channel Scanning Radio covers all seven
UHF/VHF radio bands, scans 40 user-selected
frequencies and provides direct access to any
frequency in the seven bands.

The 24-key keyboard is divided into program
and operate sections for simplified operation.
Forty different channels (frequencies) are easi-
ly programmed into the two 20-channel memory
banks. Either bank can be scanned at five or 15
channels per second; the GR-740's search can
be programmed or changed at the touch of a
button. A priority channel can be sampled every
two seconds, with interruption when a signal is
detected.

Patented track tuning permits receiving fre-
quencies across the full band without ad-
justments; circuitry is automatically aligned to
each monitored frequency. A large digital, front-
panel display shows the channels and features
selected. All circuit boards are factory-assembled
and pre-aligned to ensure that even the first-time
kit builder can build and operate one of the
world’'s best scanning radios, with a minimum
of time and at a substantial savings.

For more information about the GR-740
40-Channel Scanning Radio, contact Heath
Company, Dept. 150-315, Benton Harbor,
Michigan 49022.

Circle #3071 on Reader Service Card.

TAPR packet radio
controller

Advanced Electronic Applications, Inc. has an-
nounced the introduction of the Model PKT-1,
packet radio controller, through an arrangement
with Tucson Amateur Packet Radio, Inc.
(TAPR), Tucson, Arizona. While the end user
price is $589.95, Amateur Radio operators can
take advantage of a discounted price of $499.95
through participating AEA dealers.

The PKT-1is a packaged and warranted ver-
sion of the well-known do-it-yourself TAPR kit
board with version 3.1 software. The purchase
price includes application assistance and a year's
conditional warranty.

Packet Radio is a burst mode of data or text
transmission utilizing AFSK, FSK, or PSK
maodulation. On VHF it runs at 1200 Baud typical-
ly and uses CRC error checking, ensuring an ex-
tremely low error rate. Multiple users may share
a simplex or duplex channel simultaneously on
a timeshare multiplexed basis.

Any packet station using the PKT-1 may
operate as a store-and-forward repeater
(Digipeater) for someone else's transmission
while concurrently functioning as a regular
packet station. Up to 8 Digipeating stations may
be used between two terminal stations.
Digipeating allows routing the transmission path
around physical obstacles blocking a line-of-sight
radio path and allows extending the link beyond
line-of-sight distances.

For detailed information, contact Advanced
Electronic Applications, Inc., P.O. Box C2160,
Lynnwood, Washington 98036-0918

Circle /304 on Reader Service Card.

TOUCHTONE"
DECODER KIT

DTMF Receiver Kit .

! p .Hl e all 16 star
ar |!| MF digt
t or.. tront and Diters
veded
.']J!: itmther hiex

RO e it
® CMOS low power [2 @ 12VD0DC)
| speach immur

BEND CHECK OR MONEY ORDER TO:
ENGINEERING CONSULTING
E83 CANDLEWOOD 87T, BREA, CA BRER1
714/871-2008

FREE CATALOG!

Features Hard-to-Find Tools
and Test Equipment

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, laboratories and government
agencies. Call or write for your free copy
today.

7815 S. 46th Street

JENSGN Phoenix, AZ 85040

TOOLS INC. | (602) 968-6231

NS BN S BN BN BN B .
w172

COMMODORE
-USER WRITTEN SOFTWARE-
Supporting all COMMODORE computers
‘Writtan by users. for users
* GAMES % UTILITIES % EDUCATIONAL %
VIC 20"
Vic 20 collections ® 1 thru 11
50 + pmq:-ams per collection- Tape/Disk $10.00 sach
MMODORE 64"
Bd collections # 1 thru 11
25 + programs per collection-Tape/Disk $10.00 sach
/CBM“‘ Softwara Available
Other products available are

P.D.I. PROGRAM MANUAL - $56.00
Each Vie 20 and Commodaore 64 program will have
instructions opaeration. use, commands and other
information to make using it as sasy as possible.

DINSET": Reset Switeh
SERIAL CABLES
LOC- l.lTll"' Oparation Status Indicator

Prices lude U.S g and handling only.
CHECK. MONEY ORDERS Viﬁ-ﬂ II’M'E““RD
sccapted. NO C.OD’s
Wiite For A Free Flyer Or Send 60¢ In Coin Or Stamps
For A Complete Catalog
‘PUBLIC DOMAINT, INC.
5025 S. Rangeline Rd, W. Milton, OH 45383
10:00 am. - 500 pm EST — Mon. thru Fri
(513) 698-5638 or (513) 339-1725
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WE SHIP WORLDOWIDE

212.925-7000

l Los Precios Mas Bajos en Nueva |
———s YO
KITTY SAYS. WE ARE HOWDFEN?DAYS!WEEK
Saturday & Sunday 10 to 5 P.M.

Monday-Friday 9 10 6:30 PM Thurs. to 8 PM
Come 1o Barry's for the best buys in town
ONV Salety
belis-in stock

Barrq Electronics Corp.

RLD WIDE AMATEUR RADIO SINCE 1950
Your one sourco for all Radio Equipment!

iy |

Diicom
IC-ATIA IC-751, ICT745, IC-2TAM IC-ATA
IC-A4TA WC27 th IC-2KL. ICAT1A/H

VAESY

b, . \
“Gobble Up Our
Thanksgiving Savings."

KENWOOD

FT-ONE, FT-880, FT-757GX
FT.230R

Land Mobile 1T
Y]

FT.7T26R, FT.T7,
* YAESU ICOMm
FT208RT08AIC2AT
FT-209RH IC3AT 5
FTC-1903 ic ll

wiaphone Geest ¥
Mones To Raye

RE00, R-1000, R-2000, T5-B30SIAT e
TS 430S, TR2600A3500, TR 7950
TW-4D00A. Kenwood Service/Re
pair. TH-21AT, THA41AT, TM-211A)
ANMALTSTIMABIIA @
ROCKWELL/COLLINS i
KWM-380 i
VoComiMirage/Daiwa Large inventory ol

Tokyo Hy-Power
Amplitiers &

DAAKE, EARTH SATELLITE
STATION, ESS5-2250, ESR-24

Nye-MBS 3 Kilowatt Tuner
SANTEC

axton Wire & Cable

5/8xHT Gain 5T 2220UP & . ‘_:
Antennas IN STOCK ST 1a2UP ::
ST-4421UP b,
H
ALPHA AMPLIFIERS Moders MURC ::
* Cumuuter Intertaces Repeaters Stocked: ik TR Model H
7 stocked: MFJ.1224 Specturm Communications [T T2 T |/ 720008 {2
JF AEA GP-1, PKY-1 Yaesu FTR-2410, Wilson Beta or VHS Tapes
Phillystran Authorized 1ICOM IC-AP 3010 (440 MHz)
i ! Distributor ICOM IC-RP 1210 (1.2 GHz) ?ﬁlém ,
MICROLOG-AIR 1 in stock Compl-u ST ASIs PR ”.‘L;;.:L
KANTRONICS Inventory In Stock '
UTU. Intertace 1| softwa
EIMAC ROBOT 450C-800C-1200C
1.5007 Color Mod Kits
572B. 6J56C Wirsleny
12BY7A & 7 -
4-400A Wk Towers |

BENCHER PADDLES & 1
BIRD Vibroplex Keys In Slock!!

h ¥
AEA 144 MHz I Wallmelers & e
= ‘ - ?

“y Gan 1»-:--[ !
& Antennes
#nd Rators

New TEN-TEC wii be shipped dusct
2591 HT, Corsairs stocked ‘o you FREE o shpping cost

Fox-Tanga Fillers
LUNAR PREAMPS STOCKED
= DENTRON IS BACK IN STOCK!

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP., 512 BROADWAY, NEW YORK CITY. NY 10012

Wa Stock: AEA. ARAL. Alpha, Ameco. Antenna Specialists, Astatic
Aston, B & K, B & W, Bash, Bencher, Bird, Butternut, CDE. CES, Collins,
Communications Spec Connectors, Covercratt, Cubsc (Swan), Cushcraft
Dalmu D-nuon Digimax, Drake, ETO [(Alpha), Eimac, Encomm, Heil

uﬁar (Newironics), My Gain, lcom, KLM, Kantronics
(Daiwa). MFJ, JW. Miller, Mini-Products, Mitage

AEA 440 MHz Elemenis
ANTENNAS In Stock

' LARGEST STOCKING HAM DEALER
New York c“' s COMPLETE REPAIR LAB ON PREMISES

‘*Aqul Se Habla llnlnol"
BARRY INTERNATIONAL TELEX 12767/
TOP TRADES GIVEN ON USED EQU

Monany - Friday
Thisrsday 1 A P

urur}

Newtronk c| N)-I Viking, Palomar, AF Products, Radic Amateur Callbook,

Robot, Rockwell Collins, Saxton, Shure, Swan, Telex, Tempo, Ten Tec,

Tokyo Hi Power, Trionys TUBES, W2ZAU, Waber, Wilson, Yassu Ham and

Commercial Radios, Vocom, Vibroples, Curtis, Tri-Ex. Wacom Duplexers.

RAepeaters, Phalps Dodge, Fanon intercoms. Scanners. Crysials , Radia
Publications

WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS

CEALER INQUIRIES INVITED PHONE IN YOUR ORDER & BE REIMBURSED

RADIOS ked & sarvicad on premises.
Amateur Radio & Computer Courses Glven On Our Premises, Call
Export Orders Shippesd Immediately. TELEX 12-7870

BAM 0B BM

5 PM (Frae Parking

DISTS MOCKAY DYMEK FOR
\ &NIE'\IN& & RECEIVERS
IATILEX "Spring 51 Station
Subways. BMT“Prince 51 Statlon
IND-F5 Train By, Station
Bus: Broadway ¥6 1o Spring St
Paih—bth 1810 Ava Station

lFot the best buys in town call: |

c-64 V-20 T-1000
SATELLITE TRACKING PROG.
TIMEX / ZX - 16K
Vic-Basic $19.95
Also Avail. w/RS & STS

AUTOTRAK ROTOR
CONTROLLER
Automatic Antenna Tracker
Now Available $149.95
SASE for full details

1296 & PHASE 11l
MAKI UTV 1200 - $499°5
MAKI 20W AMP - $430°°

5717 NE 56th, SEATTLE, WA 98105
206-641-7461 v 218

QUADS — TOWERS — QUADS — TOWERS — QUADS —

UNDER NEW MANAGEMENT
DO YOU WANT THE STRAIGHT
INFO ON QUADS?

Info on verticals, dipoles, mini-quads,
Yagis, including comparative performances?
Without pulling any hes.

Our references are ANY.AMATEUR WHO
USES A SKYEANE QUAD

Our prices ard Jower than any comphrable
Quad or lower

Info on quads hall a buck, and info on BOTH
lowers.and quads for a buck. Charge due to
increased cost of postage and printing.

SKYLANE PRODUCTS

359 Glenwood Avenue
Satellite Beach, FL 32937
(305) 773-1342

SAVND — SHIMOL — SAVND — SHIMOL — SaVND
»~ 216

| QUADS — TOWERS — QUADS — TOWERS — QUADS —
— SAVYND — SHIMOL — SAYND — SHIMOL — Savno

“TWO TWOHVE”

% Synthesized Voice - * No Receiver Mods

Doppler Direction

Finding * Mobile or Fixed
* VHF and UHF * 12 VDC Operation
Coverage * Digital and
Circular Display
* RS232C Computer
Interface & . * 90 Day Warranty

New Technology (patent pending) converts any VHF or UHF FM receiver into an
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high
sensitivity for weak signal detection. Call or write for full details and prices.

PPLER SYSTEMS. | 5540 E. Charter Oak,
DOPPLER SYSTEMS, INC. o tadale, AZ 85254 (602) 998-1151
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AZOTIC INDUSTRIES
2026 W. BELMONT
CHICAGO, IL 60618

312-975-1290

ELECTRONIC COMPONENTS & SUPPLIES

e AF CONNECTORS e IDC CONNECTORS
o UG CONNECTORS s D-SUBMINIATURE
e ALIDIO CONNECTORS o TESTE

o LINEAR I * THANS R

D L IS * DIODES

o THANSFORMER * TRIM CAF!

e METERS * HELAYS

s COMPUTER CABLE * SWITCHE

® DISKETTES * TOOLE

WRITE FOR FREE CATALOG
VISIT OUR RETAIL STORE
HRS. MON-FRI 10-5 SAT 10-2
PHONE ORDERS WELCOMED

312-975-1290 .- 1




NEW

products

TVRO cable

Nemal Electronics International of North
Miami, Flarida, has introduced a new addition
to its line of direct burial combination cable for
use in TVRO installations. Nemal type-4 satellite
control cable is the first combination cable
available to the satellite industry containing an
RG-6/U, 18 gauge, 95 percent copper shielded
signal.cable. SCC-4 also contains two conduc-
tors of 12 gauge, three conductors of 18 gauge,
three conductors of 20 gauge shielded plus drain
wire, and three conductors of 22 gauge shielded
plus drain wire.

All Nemal satellite control cables utilize a
patented direct-burial polyethylene jacket as well
as tinned copper drain wires. Nemal also offers
a complete line of over 500 types of cable, con-
nectors, and SMATV products.

For additional information, contact Nemal
Electronics International, Inc., 12240 N.E. 14th
Avenue, North Miami, Florida 33161,

Circle #303 on Reader Service Card.

outdoor scanner antenna

Hamtronics, Inc. has announced a new anten
na for scanner and monitor buffs. The compact
ACT-1 Power Antenna, which may be installed
easily on the side of a house, outside a window,
in an attic, etc., without any special masts or
brackets, is a broadband whip antenna with a
low-naoise preamplifier in its base. Although
smaller than a full-size outdoor antenna (only 25
inches tall}, the ACT-1 provides good coverage
of distant signals and often outperforms larger
antennas because of its active booster amplifier.
A low-noise microwave transistor in the preamp
provides excellent results from 30 MHz right up
through the new B00-MHz band, and covers low-
band, high-band, and UHF.

The ACT-1 Power Antenna is mounted to any
flat vertical surface with four wood screws. The
50-foot cable plugs directly into the “antenna”’
and 12V jacks on the rear of most scanner
radios. If your particular scanner doesn’t have

Choosin

the

Best
Antenna
1s...

DUCK
SOUP!

There are a lot of com-

panies claiming ro have

Thl.' }‘L“\{ ruH‘\'l‘ lIlI(L' dntennias,
i"ll[ “'}H'ﬂ l“ tl'l{.' Ll-l'll“'.\ are
hoiled down, one rises to the top, CENTURION.

Besides having the advantage of peak pertormance and reliable quality
assurance management backed by the most sophisticated RF testing
L'\‘U.IPT“(.’I'[', L .II.'T\TIIH('['I ZIves vou [hl.' Lll]-ll]l\' \ I\l.l.ll di‘l‘l.'.lr.llh s I|'|'l|‘§‘TT.1|"I[
in the sale of your radio.

Centunion is the most popular onginal equipment antenna among leading
manufacturers of hand-held radios, and variery of styles is another reason.
Centurion has created many diferent models with nine standard styles ro
choose trom, including 174 wave models designed tor high and low band
VHF and UHF, 1/2 wave gain models tor UHF and 5/8 wave telescoping
models for VHF. Featured in the standard line are miniature models tor
UHF and VHF and pagers. Twenty-five ditterent connectors are now
available. And in the event the connector vou need has not yer been
invented, Centurion will design and manutacture it to meet your
specthcations,

Every antenna is tactory-tuned. Field-runable models are also avalable
When you want the best looking, best pertorming antenna tor your radios,
it's DUCK SOUP when you specity Centurion.

):( CENTURION

800/ 228-4563
P.O. Box 82846 Lincoln, NE 68501-2846 .- 133

DESIGN ENGINEERS

CONSIDER OPPORTUNITIES IN THE SOUTHWEST

A rapidly expanding general aviation electronics manufacturer is seeking action-
oriented, advancement-motivated engineers who are challenged by the exciting field
of avionics.

Candidates with a BSEE and 2-5 years experience are sought for the design and
development of aviation communication and navigation products. Successful appli-
cants will be provided with an outstanding benefit package including educational
assistance, profit-sharing and paid relocation.

Whether on the mountain slopes or on the courts and courses in the city, Albuquer-
queans enjoy outdoor sports and recreation throughout the year.

We are a dynamic, growing Corporation . . .

CONSIDER THE OPPORTUNITIES
Send resume to:
Vice President, Engineering
Terra Corporation
3520 Pan American Freeway N.E.
Albuquerque, N.M. 87107

00000

corporation
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New From EEB I

Digital vs Analog
Battle Is Over

The Winner Fluke

New Fluke 70 Series combining
digital & analog displays at
low cost

Fluke 77
$129

Fluke 73
$85

Fluke 75
$99

Dealer Inquiries
5 Invited

FLUKE

' ENGINEERING CONSULTING
INTRODUCES

=
‘REMOTE A PAD*'
MODEL RAP-1

TUNE THE WORLD FROM
YOURHANDHELD VHF/UHFRADIOD

Maodel RAP-1

$149.95 .

‘Remote A Pad’ " ||

you #re i cantrel

ICOM IC-02AT USER'S
“AUDIO BLASTER "MODULE

Now Available
for IC-2AT

@@Ké\ RX99PL

Professional Receiver
PLL-Synthesized AM/SSB
99 Memories - AM PL DET.

T

Hi tech from Europe
never before available a
receiver with so much
Price range $800-$1500
Delivery Dec. 1984

Free SWL Catalog

Dealer inquiries invited

EI\IGII\IEERING COI\ISI.IL'I'ING
583 CANDLEWOOD ST., BREA, CA 92621
(714) 671-2009

W)=

Hams should be 'seen"
as well as heard! Thou-
sands of ATV operators
across the country are

|\ ﬁm Electronics

I East Coast’s

\ #1 Distributor

& (%7 Complete Line
X Available

Call tar quotes on all your
Bird needs Dealer inquiries invited

800-368-3270

Electronic
Equipment Bank
EEB| (703)938-3350

( | 516 Mill Street N.E.

| Vienna, VA 22180

149

sending great looking color
TV pictures (with sound) to
each other. FSTV-DX can go
hundreds of miles. There
are now over 80 Ham Televi-
sion "Repeaters’ relaying
these video signals over
rough terrain.

Ham Radio UHF-TV is as
simple as hooking up a 2
meter rig and antenna. Our
“Everything You Always
Wanted To Know About
ATV" 112-page manual will
teach you how to do It
($9.95). o~ 120
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ONLY ONE NEAT SMALL
ANTENNA FOR ALL BA-
NDS! EXCELLENT FOR
APARTMENTS! [
PROVED DESIGN |

COMPLETE whh 90 o

supports, center conneclor with bullt in
static discharge
NEEDED!
bullding tops or narrow lots

B80-40-20-15-10 -
40-20-15-10 == 2 trap ==
20-15-10 meter -

54 1
2 trap- 261t

= Maodel 1001BUC

extra for postage - clerical -

- MASTER CARD -

(Canada is $5.
order using VISA

customs etc

SAVE - ORDER NOW!
10 day money back trial if returned in new condition!

RG58U-52 ohm feediine,
PL259 connector, insulators, 30 1. 300 k. test dacron ent
lightning arrester an
Low SWR over all bands =Tuners usually NOT
Can be used a8 Inverted V's - slopers - in attics, of
The ONLY ANTENNA YOU WILI
EVER NEED FOR ALL BANDS! NO BALUNS NEEDED!

=2 rap - 104 1t -Model 998BUC . $99.9¢2
$98.9¢
- Model 100TBUC . . $9T.9¢

SEND FULL PRICE FOR POSTPAID INSURED. DEL. IN US!

AI.L BAND TRAP ANTENNAS

Jomg-

PRETUNED- ASSEMBLED 6’7 FOR ALL MAKES AM

1 ATEUR TRANSCEIVERS

% GUARANTEED FOR 2004(
WATTS SSB INPUT FOI
NOVICE AND ALL CLAS!
AMATEURS!

AMER. EKPRESS
Give number and ex. date. Ph 1-308-236-5333 9AM - 6PN
week days. We ship in 2-3 days. ALL PRICES MAY INCREASI
Al antennas guaranteed for | yea
Made it

Usa FREE INFO. AVAILABLE ONILY FROM 232
WESTERN ELECTRONICS v
Dept. AR- 11 Kearney, Nebraska, GBB847

CADDELL

P

“© COIL CORP.

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

BALUNS
Get POWER to your antenna! Our Baluns are
already wound and ready for installation in your
transmatch or you may enclose them in a
weatherprool box and connect them directly at
the antenna. They are designed for 3-30 MHz op-
eration. (See ARRL Handbook pages 199 or

6-20 tor construction detalls,)

100 Watt(4:1,8:1,9:1, 0or 1:1 Impedance - select ona)
Universal Tr h1KW (41 imp 1]
Univerasl Tr

tch 2 KW (4:1 imped

.

Wi»
-

$ 8.50
12.50
15.00

Universal Tranamatch 1 KW (6:1,8:10r 1:1.selectone) 14.00

Universal Tranamatch 2 KW (8:1,8:1 or 1:1.salectons) 18.50

Please send all reader inquiries direclly

TUNE IN

THE WORLD OF

HAM-TV!

Under the guidance of the "United
States ATV Society,” Amateur TV
(FSTV-SSTV-FAX) is growing In actlvi-
ty. And, we've been promoting it now
for over 18 years!

Sample Issue - Just $2.50 ppd.

Special Trial Subscription - $10.00.

{Published Maonthly)
A5 ATV Magazine
P.O. Box H,
Lowden, lowa
52253

A Dwvision of
QUD Publicanions, Inc

h‘m




NEW

products

a 12V terminal, a simple 12 VDC plug-in adapter
is available.

The price of the ACT-1 Power Antenna is only
$79 plus $3 for shipping and handling.

For more information, contact Hamtronics,
Inc., 65 Moul Road, Hilton, New York
14468-9535.

Circle F305 on Reader Service Card.

RTTY interface

HAL Communications RTTY Personal Com-
puter Interface, PCI-2000, is a real RTTY modu-
lator/demodulator, not a "“computer compro-
mise.”" All three shifts (170-425-850) transmit and
receive. The full 103 type” modem for up to
300 baud may be set for either FDX (answer or
originate) or HDX (either set on tones). The 202

type'"' modem may be used HDX up to 1200
baud, and may be jumper-selected for either
“COM1" or "COM2" operation. Compatible with
existing PC communications software (external
DAA required for phone line connections, the
PCI-2000 offer the multimode features of the
CT2100 and CT2200 plus companion software
that includes features such as split screen, TX
and RX buffers, HERE IS storage, and disk
message storage and retrieval. Of course, all
PCI-2000 modes are set with the Personal Com-
puter's FN keys.

For further information, contact HAL Com-
munications Corporation, P.O. Box 365, Urbana,
lllinois 61801.

Circle #302 on Reader Service Card.

150-MHz mini-catalog

Sinclair Radio Laboratories has issued a new
mini-catalog describing its line of 150-MHz pro-
ducts, which includes base station antennas,
transmitter combiners, duplexers, receiver
multicouplers and ferrite isolators.

Featured in this line-up is the Q-Circuit Base
Station Duplexer, Model Q-201G, a six-cavity
unit that provides high attenuation at close fre-
quency separations in the 132-174 MHz band.
Its Q-Circuit design provides 100 dB isolation at
300 kHz spacing with 50 dB mid-band isolation.

For a copy, contact Sinclair Radio Labora-
tories, 122 Rayette Road, Concord, Ontario,
Canada L4K 2G3.

Circle F306 on Reader Service Card.

Time to talk
on a

Ten-Tec Talkie

Made in the U.S.A. And it's priced right.

The Ten-Tec 2591 offers
everything you've ever

wanted in a 2-meter
handheld.

* Memory Lockout permits the scanner to
temporarily bypass channels for quick
lockout of busy frequencies, yet retain them
in memory for normal operation on demand
* 10 Memories with stored offset. Channel 0
accepts any non-standard offset # Modifiable
Band Scan without complete
reprogramming. Scan any section of the
band within user defined upper and lower
limits in steps of 5, 10, 15, 25, or 30 kHz.
Change step size, upper and lower limits
independently. Manual Scan also up or
down, in 5 kHz steps * Selectable Skip or
Hold # 2.5 Watts or .4 Watts « Covers
143.5-148.995 MHz *» LCD Readout with
Back Light * Quick-Release 450 mAH
NI-CAD Battery Back * 16-Key Dual Tone
Encoder, built-in * LED shows battery
status and transmit mode * Designed and
Manufactured in Tennessee. And it carries
the famous TEN-TEC one year warranty.
Put it to work for excellent 2 meter
performance.

HOLIDAY SPECIAL
Free case with each Model 2591
Nov. | through Jan. 31

1r.1 TEN-TEC .
SEVIERVILLE, TENNESSEE 17862

MATCH MOST ANTENNA-FEEDLINE
COMBINATIONS TO YOUR RIG

MATCHES: dipoles, inverted vees, beams quads,
verticals, mobile whips, random wire, etc. that are fed by
coax, balanced line or single wire
MAXIMUM POWER: 300 walts RF
INPUTS (selectable from front panel)

3-coax: 1-direct, 2-direct or thru tuner

1-balanced line (4:1 balun inc.) or single wire
IN-LINE CALIBRATED WATTMETER INCLUDED

ALSO IN STOCK

KITS: for HF, VHF, UHF & Test Equipment
COMPONENTS: Toroids, Rods & Beads. Resislors
Inductors. Capacitors. Antenna Components & Wire

1984-85 CATALOG 50¢

ANTENNA TUNER
Viewstar — Mod. VS300A

Fully Assembled

and Tested $39'95

Plus $3.00 Shipping & Handling Box 411H, Gﬂ!e“ville. NH 03048

(603) B78-1033, telex 887697
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RADIO

3{1"1 SALES INC

ICOM SPECIAL ! VALUE!

IC-02AT 2 METER HT with
and FREE
IC-04AT 440 MHz HT ol
MOBILE
eDigital LCD Readout *10 Memories PWR/CHG
sScanning *Offset Storage
*Programmable PL Tones  eLithium Memory Backup conb
eOptional 5W Battery *13.8VDC Operation! IC-02AT
*S-Meter Function *Sealed Case
S.A.S.E. NOW! FOR FREE TNT
1C-04AT

HOT SHEET OF USED (AND NEW)
EQUIPMENT—NOVICE TO EXTRA

*339

CALL TOLL FREE FOR QUOTES

1-612-535-5050

** (IN MINNESOTA- COLLECT)

KENWOOD
ICOM
MIRAGE

AEA
KANTRONICS
SANTEC

KDK

AZDEN

NYE VIKING
MFJ

TELEX HY-GAIN
HUSTLER
KLM

ROHN

HEIL
AMERITRON
WELZ
LARSEN
BUTTERNUT
BENCHER

VISA/IMASTERCARD
DISCOUNT—CASH

D m }{V;&%zg%gygnﬂ MONDAY - SATURDAY
- USED EQUIPMENT LISTING 9 AM to 6 PM CENTRAL TIME

4124 West Broadway, Robbinsdale MN 55422 (Mpls./St. Paul)

SPECIAL

NOW’S THE TIME TO ORDER YOUR 1985 | %"
Radio Amateur Callbooks |\ g2

U.S. CALLBOOK FOREIGN CALLBOOK \\ A\

All the latest calls, addresses and other important informa- The only source of DX calls and addresses available. Fully
tion. Fully up-to-date and edited to ensure accuracy. 1984 updated and has helpful QSL information, 1984 1\

[1CB-US85 Softbound $25 [ CB-F85 Softbound $24 \‘\ \\
(521.95+$3.05 5 & h) (52095+8305s &) | | 1 |

1985 US and Foreign CALLBOOKS will be ready for shipping by early
December. All orders received before Nov. 15, 1984 will be expedited direct
from the printer.

Order Both and SAVE even more
Regular Price $45

HAM RADIO
PRE-PUBLICATION SPECIAL $39.95

\SAVE $5 -

PRE- PUBLIC/ITION :

radlo.,_,.,._ w BOOKSTORE

GREENVILLE, NH 0304}
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- H Tie
ABICDE Tacks

Handsome 14 karat
gold tie tacks with your call
Individually handwrought
in white or yellow gold
with a satin fimsh and
antiqued background
When ordering please specify
white or yellow gold
large or small (shown actual size)
and carefully print your call

Small $41.00 Large $57.00

Please add $3 00 1o cover shipping and insurance

Send check or money order 1o
Robert S. Schurmann, KA2UXR
5031 River Road, Pennsauken, NJ 08110
(609) 488-2266

MNew Jersey Residents add 6% sales lax

w 213

R-T HV Mark || & é
=)

NEW, EASY-TO-USE DESIGN
GET TRANSI-TRAP™
LIGHTNING PBOTECTION

it from antenna
y lightnir igh
harmful ARC
tto
aceable

ur valuable
rges causec

I|)[I;'|||| T

Model LT 200 watts @ 501 $19.95
Model HT 2kw @ 500 524.95
Ruggedized Super Low Loss (.1dB g 500 MHz)

Model R-T 200 watts @ 500 §29.95
Model HV Zkw @ 5011 5$32.95

See your local dealer or order direct. Pse. include 52
for shipping and handling. MC and VISA accepted

P.0. Box 571, Centerville, Ohio 45459
(513) 435-4772 ~ 108

HI TECH KI

THIS MONTH'S SPECIALS

CMOS KEYER KIT

BATTERY OPERATED SELF COMPLETING SMALL ENOUGH
0 MOUNT ON KEYBOARD $9.95 COMPLETE KIT

$24.95

AS-232 LINE MONITOR KIT
MONITOR SEVEN STANDARD DATA LINES AND TWO
OPTIONAL BOARD $9.95 COMPLETE K17$19.95

CAT BLANKER HIT

PREVENTS PHOSPHER BURN — RESTORES SCREEN
DATA WITH FIRST KEYSTROKE BOARD $9.95 COM
PLETE KIT $19.95

DAIVE MOTOAR CONTROL KIT

SAVES WEAR AND TEAR ON 8 INCH DRIVES. NO LOST
DATA, ONLY FOUR CONNECTIONS BOARD $12.95
COMPLETE KIT $29.95

COMMODORE 20/64 AS-232
CONVERTS VIC TTL LEVELS T0 BS-232 STANDARDS
BOARD $14.95 COMPLETE KIT $29.95

MANY MORE KITS AVAILABLE
SEND S1( FOR NEW CATALOG (REFUNDABLE ON FIRST
OROER) NOT REQUIRED WITH ORDERS

VISA MASTER CARD CHECKS C.O.D.

DEALER INQUIRIES WELCOME. ADD $3.00 SHIPPING AND HANDLING.
ILL RES. ADD 8% SALES TAX

UETbUE oy ecoms 312-870-0555

OPEN EVENINGS
G524 N HIAWATHA AVE 183 s s W
CHICAGO. (L 60646 »”

TR A 8 N T

MI(ROBWG SYSTEMS

NEMAL ELECTRONICS INTL., INC.

TYPE1

iGeneral Purpose)

AVAILABLE IN
250-500- 1000
FT. ROLLS

Shislded plus 3
Tinhved Copper
Dran Wite

==k }m VBGauge

55¢/1t.

Drwsigrad for pany
L L
providing Ihe
requited cables for
masl sanh s1ation

your one stop coax supplier!

SATELLITE CONTROL CABLE

ARG5S/ U WS 2 - RGAS/ U 9SS 1 Clauge 96,
Coppet Brasd [ hin
@ 12 Gauge 2@ 12C

Vi VB-Gauge
a

ATYPES AVAILABLE!
TYPE 2 TYPE 3
mr

NEW!! Lowest LosS |

TYPE4

g
6@ '8Gauge
20Gauge >

squipTent
all in adirect
bunal jacke

Onty Nemal offers the guality
12-gauge conducions hinned

HARDLINE
Two slyles, two sizes for all installation needs
= Alumi; Outer C with Polyethy Jackel
12 inch loss 48 dB1100 1t @ 30 MMz
68 dB/100 ft. g@ 1000 MHz $1.25M
7/8 inch loss 28 dB/100 fi_ @@ 30 MHz
2 54 dB100 M ge 1000 MHz $3.25Mm

Corrugated Copper Outer Conductor with Polyethylene
Jacket

1/2 inch loss 38 dB/100 it @@ 30 MMz

(FLC12:50J) 278 dB/100 fi. go 1000 MHz . $159/11

7/8 inch loss 13 dB/100 1t g 30 MHz

(FLC12-78J) 1.3 dB/100 ft G 1000 MHz . $3.92/1
COMPARE RG 213 125 dB/100 @ 30 MH:

85 dB/100 g 1000 MHz !

HARDLINE CONNECTORS
1/2 inch aluminum UHF M/F $19.00 Type N M/F $22.00
7/8 inch aluminum UHF M/F $49.00 Type N M/F $49.00
1/2 inch copper UHF M/F $22.00 Type N M/F $22.00
7/8 inch copper UHF M/F $49.00 Type N M/F $49.00

Cabl 2
— $6.00 per 100 ft.

Connectors — $3.00 per order.
Orders under $20 add $2 additional plus shipping.
Charge card — orders over $30 only.

COD add $2.00. Florida Residents add 5%

FACTORY AUTHORIZED DISTRIBUTOR
AMPHENOL, CABLEWAVE, COLUMBIA,
KINGS, BLONDER-TONGUE

* COAXIAL CABLE * SMATV PRODUCTS
* MULTICONDUCTOR CABLE +« COAX-SEAL

* CONNECTORS-ADAPTERS +« COMPUTER CABLE
* HARDLINE * CRIMP TOOLS

No. Miami,

onstruchior
copper drain wires and a true dire

12240 N.E. 14th Ave.

Telephone: (305) 893-3924

RAGSS /U

COAXIAL CABLE SALE

POLYETHYLENE DIELECTRIC
RG-8/U 96% shield Mil Spec (529 95/100) or 31811

RG11U 968 shield 75 ohm mil spec 255
RG-558/U double shield (RG-58 size) 50 ohm 45Mm
RGSBU mil spec 96% shield ($9 95/100) or 1%/t
RGE2A/U 96% sheeld mil spec 93 ohm 12Mm
RG174/U mun. 50 @ mil spec 10¢m
AG213 noncontaminating 96% shield mil spec 36*m
RG214/U double siver shield 50 ohm $1.65M
RG214/U tnned copper B65*m
RG217/U double shield 502 5/8° 00 a5tm

LOW LOSS FOAM DIELECTRIC
RG-8BX (Mini B) 95% shield (514 95/100) or 17¢M
RGBU B0% shield ($19.95/100) or 22¢/1t

RG-8/U 97% sheeld 11 gu. (eq Belden B214) 3m
RGS5BU B0% shieid 07
RG5SBU 95% shield 10¢/tt
RGS9/U 100% foil shield TV type 1001
RG5S3/U 70% copper shield 09
HEAVY DUTY ROTOR CABLE 2-16 ga 6-20 ga k)
Rotor cable 2-18 ga 6-22 ga Poly burial Jki 19*m
Complete hine ol multiconductor cables available
CONNECTORS MADE IN USA

Amphenol PL 259 79
PL-259 push-on adapter shell 10/83 89
PL-259 andfor S0-239 10785 B9
Double Male Connector $1.79

PL-258 Double Female Connector 9

PL-259 Silver-Teflon Kings $159 ea
Reducer UG-175 or 176 10/$1.99
UG-255 (PL-259 1o BNC) $2.95
Elbow (M359) UHF Elbow $1.79
F59A (TV type) 1781 99
UG 21 D/U Type N Male for RGS, Amphenol $3.00
UG-B8C/U BNC Male for RG-58, Amphenol $1.25
UG 273 BNC-PL259 Amphenol $3 00
3716 inch Mike Plug for Collins etc (cutof) $1.25

shipping

Cable — $3.00 per 100 /1.

Connectors — add 10%, $3.00 minimum.
Orders under $20 add 52 additional plus shipping.
Charge card — orders over $30 only.

COD add $2.00. Florida Residents add 5%.

IN STOCK
— OVER 500 ITEMS —
COMPLETE LINES
» 193

FL 33161

EVV-700 GaAs FET Preamp
VV-Interface Bias Inserter

EVV-2000 GaAs FET Preamp

INTERNATIONAL MEDIA SERVICE

BOX 26 « TEWKSBURY, MA 01876

i

Since our first ad in May ‘84 many of your
VHF/UHF colleagues have successfully in-
stalled this preamp.

* Low noise = .75 dB

18 dB gain

* Dual gate GaAs FET

* N connectors

+ Weatherproof mast mount

} $109.95+$5 shipping
$29.95 + $2.50 shipping

» 1M
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California

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

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
COMMUNICATIONS

3208 CONCORD PIKE
WILMINGTON, DE 19803

(302) 478-2757

Delaware's Friendliest Ham Store.

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

800-441-7008

Icom, Ten-Tec, Microlog, Yaesu,
Kenwood, Santec, KDK, and more.
One mile off I-95, no sales tax.

Florida

AMATEUR ELECTRONIC SUPPLY
1898 DREW STREET
CLEARWATER, FL 33575
813-461-4267

Clearwater Branch

West Coast’s only full service
Amateur Radio Store.

Hours M-F 9-5:30, Sat. 9-3

AMATEUR ELECTRONIC SUPPLY
621 COMMONWEALTH AVE.
ORLANDO, FL 32803
305-894-3238

Fla. Wats: 1 (800) 432-9424
QOutside Fla: 1 (800) 327-1917
Hours M-F 9-5:30, Sat. 9-3

AMATEUR RADIO CENTER, INC.
2805 N. E. 2ND AVENUE

MIAMI, FLL 33137

305-573-8383

The place for great dependable
names in Ham Radio.

Hawaii

HONOLULU ELECTRONICS

819 KEEAUMOKU STREET
HONOLULUY, Hi 96814

(808) 949-5564

Serving Hawaii & Pacific area for 51
years. Complete lines of Amateur equip-
ment, accessories and parts.

lllinois

ERICKSON COMMUNICATIONS, INC.
5456 N. MILWAUKEE AVE.
CHICAGO, IL 60630

312-631-5181

Hours: 9:30-5:30 Mon, Tu, Wed & Fri;
9:30-8:00 Thurs; 9:00-3:00 Sat.

Indiana

THE HAM SHACK

808 NORTH MAIN STREET
EVANSVILLE, IN 47710
812-422-0231

Discount prices on Ten-Tec, Cubic,
Hy-Gain, MFJ, Azden, Kantronics,
Santec and others.

Kentucky

L & SRADIO

307 McLEAN AVENUE
HOPKINSVILLE, KY 42240
502-885-8071

Ten-Tec, Azden, Ameritron Sales and
Service.

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.

Ham Radio’s guide to help you find your loc

Michigan

ENCON PHOTOVOLTAICS
Complete Photovoltaic Systems
27600 Schoolcraft Rd.

Livonia, Michigan 48150
313-523-1850

Amateur Radio, Repeaters, Satellite,
Computer applications.

Call Paul WDSBAHO

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

JUN’S ELECTRONICS

460 E. PLUMB LANE — 107
RENOQO, NV 89502
702-827-5732

Qutside Nev: 1 (800) 648-3962
icom — Yaesu Dealer

NEW YORK

ADIRONDACK ELECTRONICS, INC.
1991 CENTRAL AVENUE

ALBANY, NY 12205

518-456-0203

Amateur Radio for the Northeast since
1943.

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.

YOU SHOULD BE HERE TOCO!

D ea-ler S. Contact Ham Radio now for complete details.
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Amateur Radio Dealer

Ohio

AMATEUR ELECTRONIC SUPPLY

28940 EUCLID AVE.

WICKLIFFE, OH (CLEVELAND AREA)
44092

216-585-7388

Ohio Wats: 1 (800) 362-0290

Outside Ohio: 1 (800) 321-3594

Hours M-F 9-5:30, Sat. 9-3

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 I-270 and airport.

Pennsylvania

HAMTRONICS,

DIV. OF TREVOSE ELECTRONICS
4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same Location for 30 Years.

LaRUE ELECTRONICS

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
717-343-2124

Icom, Bird, Cushcraft, Beckman,
Larsen, Hustler, Astron, Belden,
Antenna Specialists, W2AU/W2VS,
AEA, B&W, Amphenol, Saxton, J.W.
Miller/Daiwa, Vibroplex.

THE VHF SHOP

BOX 349 RD 4

MOUNTAINTOP, PA 18707
717-B68-6565

Lunar, Microwave Modules, ARCOS,
Astron, KLM, Tama, Tonna-F9FT,
UHF Units/Parabolic, Santec, Tokyo
Hy-Power, Dentron, Mirage,
Amphenol, Belden

Texas

MADISON ELECTRONICS SUPPLY
1508 McKINNEY

HOUSTON, TX 77010
713-658-0268

Christmas?? Now??

Wisconsin

AMATEUR ELECTRONIC SUPPLY
4828 W, FOND DU LAC AVE.
MILWAUKEE, WI 53216
414-442-4200

Wisc. Wats: 1 (800) 242-5195
Outside Wisc: 1 (800) 558-0411
M-F 9-5:30

Sal 9-3

MOVING?

KEEP HAM RADIO COMING...

If possible let us know four to six weeks
before you move and we will make sure
your HAM RADIO Magazine arrives on
schedule. Just remove the mailing label
from this magazine and affix below.
Then complete your new address (or any
other corrections) in the space provided
and we'll take care of the resl.

ham
~ Allow 4-6 weeks for
rad,o correction
Magazine

Greenville, NH 03048
Thanks for helping us to serve you better.
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® Com

put @
® [nternal Gunnplexer for porta,

te ready to use 10 GHz fm

'ypical frequency co 10.
operation ® Gunnplexer removable for tower

ICOM USERS

IMPROVE YOUR
SELECTIVITY

Install

Fox-Tango’s

top-
quality 8-pole FL-44A 2.4KHz
bandwidth 455KHz SSB filter.
Guaranteed to equal or ex-
ceed Ilcom specifications.
(Shape factor: 1.75)

EASY DROP-IN INSTALLATION
For Models: I1C-720, IC-730,
IC-740, and R-70.
Complete instructions.

S save

Reg. lcom price ........ $159
Reg. Fox-Tango price ...$125
Fox-Tango SALE PRICE .$100

Limited Quantities - Order
» Today - Write or Phone.

* SHIPPING: $3, Air $5,

3. T COD add $1, Overseas $10
FL Residents add

5% Sales Tax.

FOX TANGO CORPORATION
Box 15944 H, W. Palm Beach, FL 33416
(305) 683.9587

v 156

e ansceiver ® 10 mW power out-
10.295 GHz Full duplex ration

mounting in fixed location service — three shielded cables required for intercon-
nection ® Powered by 13 volts dc nominal at 250 mA @ 30 MHz i-f ® 10-turn

potentiometer controlled VCO tunii

switched filter position for optional filter ® Dual polarity afc ® Ru
grey enclosure @ Full one year warranty ® $389.95 with 10 m

Advanced
Receciver
Resecarch

Box 1242 e Burlington CT 06013 ® 203 582-9409

» 103

® 220 kHz ceramic i-f filter ® Extra diode

two-tone
Gunnplexer
® $269.95 without Gunnplexer

Postpaid for U.S. and Canada. CT Residents
add 7-Y:% sales tax. C.0.D. orders add $2.00.
Alr mall to lorelgn countries add 10%
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’ NCG CO.

10/160M

THE 10/160M GIVES YOU THAT EXTRA BIT OF
QUALITY THAT REALLY GETS YOU THROUGH
TO THAT SPECIAL DX STATION, OR JUST EN-
JOYING A FULLY RELAXED QSO WITH ANOTHER
AMATEUR THE OTHER SIDE OF THE COUNTRY.
YOUR 10/160M GIVES YOU THE EASE OF OPER-
ATION THAT YOU WANT WITH 4 MEMORYS OR
THE 3 WAY AUTO SCAN, DUAL VFO, IF SHIFT,
CW-W CW-N, HAND MIC AND BUILT IN AC/DC
POWER. ALL BANDS ARE FULLY OPERATIONAL
INCLUDING THE NEW WARC BANDS. YOUR
CHOICE OF EASY OPERATING USB, LSB, CW OR
RTTY IS AT YOUR FINGER TIPS. WITH A FULL
200 WATTS PEP OUTPUT YOUR FINALS ARE
PROTECTED FROM HIGH SWR.

YOUR 10/160M IS ALL SOLID STATE WITH
MODULAR BOARDS THAT ARE EASY ACCES-
SIBLE. A BRIGHT BLUE FLUORESCENT DIGITAL
DISPLAY IS EASY TO READ AT ALL TIMES.
BEST OF ALL THERE ARE NO EXTRA OPTIONS
TOBUY TO GET YOU ON THE AIR, ITS ALL THERE.
JUST TAKE YOUR 10/160M HOME AND 1. CON-
NECT A ANTENNA. 2. PLUG INTO 120V AC OUT-
LET. 3. TURN THE SWITCH ON. 4. SELECT THE
BAND AND FREQUENCY AND YOUR ON THE AIR.
YOUR RECEIVING AUDIO IS CRISP AND CLEAR,
YOUR TRANSMITTED SIGNAL WILL GET YOU A
PRAISE FROM EACH CONTACT. THE 10/160M
GIVES YOU A SUPERIOR TRANSCEIVER THAT
IS UNCOMPARABLE.

MORE INFORMATION IS AVAILABLE FROM
NCG. CO.
1275 N. Grove St., Anaheim, CA 92806

ciJhed” {
( f){‘qll ! ¥ ‘

I
15M

15M-MOBILE IS YOURS TO CONTINUE YOU
QSO WITH THAT SPECIAL FRIEND WHEN YO
GO ON A VACATION OR JUST GOING TO O
FROM WORK. A TRULY QRP RIG WITH THE BI
RIG SIGNAL EITHER CW OR USB. THE DIGITA
FREQUENCY DISPLAY IS EASY TO READ AN
YOUR 10 WATTS OR 2 WATTS ON USB OR C
WITH A BUILT IN SIDE TONE, HIGHLY EFFEC
TIVE NOISE BLANKER, AUDIO ALC GIVES DI

TORTION FREE TRANSMISSION. THE VFO BA

WITH GEARS ALLOWS HIGH-PRECISIO
TUNING. DIGITAL DISPLAY OFFSET WHENRIT |
IN OPERATION (A MODIFICATION THAT TAKE
5 MINUTES CHANGES THE RIT TO A FINE TUN
CONTROL). A LARGE S/RF METER IN THE CE

TER AND A TOP 8 OHM .5W SPEAKER, YOU
RECEIVE AUDIO IS DIRECTED UP.

EXTERNAL SPEAKER AND CW JACKS, MOBI

MOUNTING BRACKET AND A 400 OHM P

DYNAMIC MICROPHONE. FULL 15 METER BAN
OPERATION FROM 21 to 21.450 MHZ, YOU
OFFSET FREQUENCY RANGE OR FINE TUNE I
+4 KHZ. THE SIGNAL TO NOISE SENSITIVI

IS MORE THAN 10DB DOWN AT -6DB INPU
POWER SOURCE IS 138V DC, 3 AMPS. TH
SMALL SIZE WILL ALLOW MOBILE OPERATIO
FROM EVEN THE SMALL CARS, ITS ONLY 9"H
2.5W x 9.5D, THE LIGHT WEIGHT OF ONLY 5.
LBS. MAKES THE 15M A POSSIBLE BAC
PACKERS DREAM.

WITH YOUR 15M YOU WILL NOT HAVE A BI
EXPENSIVE PIECE OF EQUIPMENT SETTING |
YOUR VEHICLE, IT CAN BE UNDER THE DAS
OUT OF SIGHT.

NOTE: PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE OR OBLIGATION.



—THE ARRL—

1985 HAN

1. It's BRAND NEW
It's BIGGER. Over 350 pages.

3. It's EXPANDED. Covers everything from basic electronics

to esorteric radio gear.

4. It's chockfull of NEW PROJECTS.
It's the MOST COMPLETE reference text available.

6. Reserve your copy TODAY. Handbooks will be shipped as
soon as they are received from the printer. (Scheduled for

o

early November)

PRE-PUBLICATION SPECIAL

1985 HANDBOOK Reg. Price

NOW $12.95 .......

SAVE $2

OFFER EXTENDED EXPIRES DEC. 15, 1984

F3dio.... BOOKSTORE

72,
“e

GREENVILLE, NH 03048

COMING

THE 1985

HANDBOOK

SOON

ARRL

$15.00 (plus $2.50 shipping)

(603) B78-1441

COLLINS TUNER

Collins 180Y-1 Antenna
TUNER for 2-30 MHz; has
dual section air variable
50-1600 and 30-600 pf
(0.065 min/0.156'" max
gap) and 2.9'* dia 14-turn
roller inductor of 0.19"
dia tubing, ceramic tap
switch, 3/100 pf 7500 V
doorknob capacitors, Con-
trols C and L Select, Var C
and L, 7%12.5%16.8, 33
T — ........599.50
GRAINGER AM 4531 Linear Amp, 120-152 MHz; 10 W
in, 50 W out using 8122 tube in P-A. 115/230 VAC;
7x19x14.5, 50 Ibs. Used-not tested ....... $195.00
JENNINGS UCS-300-7.5 Vacuum Variable Capacitor
9-300 pf 7500 V max; 3 Ibs sh. Unused. .. 95

Prices F.0 B. Lima, 0. » VISA, MASTERCARD Accepted.
Allow for Shipping * Send for New FREE CATALOG '84
Address Dept. HR = Phone: 419/227-6573

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 + LIMA, OHIO - 45802

FACSIMILE

COPY SATELLITE PHOTOS. .- 11§
WEATHER MAPS, PRESS!

The Faxs Are Clear — an out full size (18-1/2

wide) recorders Free Fax Guide

TELETYPE

ATLANTIC SURPLUS SALES 121213 49
v 3730 NAUTILUS AVE BRDOKLYN. NY |

Custom Mailing Lists on Labels!
Amateur Radio Operator NAMES
Custom hists compiled 1o your specihications

* Geographic by ZIP and/or State

* By License Issue or Expiration Date

Sell stick 1x3 labels
Total List 453,000 Price: $25/Thousand
Buckmaster Publishing _ ...

Whitehall

N Mineral VA23NT7T US A

v 155

(703) B94.5777

MOSLEY...A BETTER ANTENNA...
Antennas For 40 Meters...

*ALL STAINLESS HARDWARE

*NO MEASURING *BROAD BAND WIDTH
*2 YEAR WARRANTY *BUILY TO LAST

*5 KW P.E.P. *NO BALUN NEEDED

_—‘M

« S-401 M. A 40 Meter Rolatable
Dipole which ¢ you excellen! band
performance. MOSLEY'

Dipole ever built. All s
We have made it
A 2

fo alun
ranty on paris

November 1984 149



MICROCOMPUTER
REPEATER CONTROL

IF YOU'RE STILL USING AN

OLD STYLE ROTOR -
CONTROL MAYBE YOU

SHOULD CONSIDER THIS...

BUTTEIRNUT '
ELECT]FIDNICS
COMPANY -

o I

Introducing the MICRO REPEATER CONTROLLER RPT-2A, a new
concept in LOW COST, EASY TO INTERFACE, micr

repeater control. Replace old boards with a state of tha an
microcomputer thal adds NEW FEATURES, HIGH RELIABILITY,
LOW POWER, SMALL SIZE. and FULL DOCUMENTATION 10 your
system. Direct interface (drop in) with most n Datasled in-
tortace inal MICRO REPEATER CONTROL
articie featured in QST Dec 1

BUY THE ANTENNA : iﬁ‘%‘éﬁ"r’w"if e
LEH : I:- c:mourl arneng l:!‘;‘a;‘. : Sene Wave Tone (‘m\mmn_r
Sttt s ! Cammgeer 0 L Ky A5 @ o m
: ® Ausilary Inputs * Al Connaciors Inchicksd
TODAY! RPT-2A Kit Only $119  pius $3.00 shipping
PROCESSOR CONCEPTS
A PRO'SEARCHTM P.O. BOX 185 ’
FORT ATKINSON, Wi 53538
(414) 563-4962 7pm-10pm evenings E
DIGITAL \ CALL OR WRITE FOR FREE CATALOG AND SPECIFICATIONS
ANTENNA CONTROL WEGOTITALL = =
FULLY COMPUTERIZED « QUALITY ELECTRONIC COMPONENTS
o ELECTRONIC PROJECT KITS
SMALL *» COMPUTER KITS
IN SIZE THIS MONTH'S SPECIALS
Yo r A " COMPUTER KITS
8% Hxs‘anSD FOR VIC AND COMMODORE 64
CASSETTE INTERFACE KIT $1595
10 MEMORIES RS-232 INTERFACE KIT $29.95
FOR STORING VIC 20 BUSS EXPANDER KIT $24.95
YOUR FAVORITE HEADINGS COM 64 BUSS EXPANDER KIT $2095
ELECTRONIC PROJECT KITS
CMOS MORSE KEYER KIT $19.05
ONE YEAR FULL WARRANTY 1 WATT AUDIO AMPLIFIER KIT $11.05
FLUID LEVEL DETECTOR KIT $17.85
PRO-SEARCH Is Adaptable To Many Pl R
Systems, Simple To Install. 1IN4007 1KV 1A DIODES 25/52.00
; 14 PIN IC SOCKETS 10/§1.00
No Modifications Are Necessary. B DSt CAPAGITORS 28100

SEND $1 FOR OUR NEW CATALOG
(REFUNDABLE ON FIRST ORDER) NO CHARGE FOR CATALOG
WITH ORDERS DEALER INQUIRIES WELCOME ADD 52 50
SHIPPING ON ORDERS OVER $5.00 ADD $1.00 SHIPPING ON
ORDERS UNDER 55 00

CHECKS MASTER CARD VISA C.O.D.
. 312-870-0555
Daytapro Electronics.Inc.  opgN EVENINGS

JOT WL N ARLNGTOM WTE I BO00s

Presently we're having our Fall
and Christmas Special. A PSE-1,
used with the CDE Series. Now
only $289.95 plus shipping.
Regular retail price $419.91. Offer

O s

good until December 15, 1984. PRk Lenmauii
Order Early we expect a back e St SYNTHESED
order problem due to demand and hirea ol 4 d
availability of parts. 160 rriotas
Also ask about our Fall Rotor, N SN B B e L MODEL
Antenna and Unit Special. P igé?g
usa plus shipping
Maodel Z2MOV Tromibone™ ™ aminbinectonal collirear

CALL NOW 1-800-325-4016

gan vorneal for 2 meters having the same gan as

» Covers 100 MHz to 185 MHz in 1 kHz
steps with thumbwheel dial * Accuracy

. o +/~= 1 part per 10 million at all frequen-
SO LG praincog. and cies » Internal FM adjustable from 0 to 100

Controllers also avallable for other rotors

Gt s acly

Prices and specilications subject to change

. without notice or obligation. R kHz at a 1 kHz rate » External FM input ac-

U8, and|Foreign Patents Lt Model ZMCVS Super- Trombone ™ — Same cepts tones or voice * Spurs and noise at

I S (s trsés g Sk it S ¥ least 60 dB below carrier » Output adjust-

I NE & Trambone * phasing secton 10r addional able from 5-500 mV at 50 Ohms * Oper-

WYL gmn Hegrt 15 75 4 8 ates on 12 Vdc @ "2 Amp * Available for

Sl b e sl o = e e

T e G e B ot 07 BUTTEANLIY St ping * Add-on accessories available to ex-

wiite for our FREE CATALOG! tend freq range, add infinite resolution, AM,

Pro-Search Electronics Co BUTTERNUT and a precision 120 dB attenuator « Call

1344 Baur Boulevard 81, Lovis.Mo. 83132 ELECTRONICS or write for details » Phone in your order
405 E. MARKET STREEY for fast COD shipment

1-314-994-7872 1-800-325-4016 LOCKHART, TX 78644

pr VANGUARD LABS
n ~ 196-23 Jamaica Ave., Hollis, NY 11423
150 November 1984 Phone: (212) 468-272  + 225
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SELECTION
SN BULLETIN [

= For more than 40 years we
II nave been serving the amateur S'E'R'V'I'C‘E
4 community with QUALITY PRODUCTS and

DEP‘ENDAB[E ‘SE-R-V-I.C.E” and, we fully intend to and

carry on this proud tradition with even MORE new e e
product lines plus the same “fair'’’ treatment you've

come lo rely on. Our reconditioned equipment is of the S“TISFACTION!
finest quality with 30, 60 and even 90-day parts and

AMATEUR CENTER

“AMERICA’S MOST RELIABLE AMATEUR RADIO DEALER"

SELL-TRADE

New & Reconditioned

labor warranties on selecled pieces.
And, remember . ..

— WE SERVICE WHAT WE SELL —

AEA DRAKE MOSELEY

AMECO ENCOMM NYE

AMERITRON HUSTLER PALOMAR

ANTEK icom RADIO CALLBOOK

ARRL JANEL ROBOT

ASTRON KANTRONICS ROHN

ANTENNA KDK TELEX / HYGAIN
SPECIALISTS KLM TEN-TEC

BAW LARSEN TRIO-KENWOOD

BENCHER MFJ UNADILLA [ REYCO

BUTTERNUT MINI-PRODUCTS  YAESU

CUSHCRAFT MIRAGE

DIAWA

Write today for our latest
Bulletin/Used Equipment List.

STORE HOURS: Ham EQUIPMENT

9-5 P.M. (CST) Call or Write Us Today For a Quote!
MONDAY thry FRIDAY You'll Find Us to be Courteous, Knowledgeable
OPEN SATURDATYS and Honest

from 9.1 P.M. (CST)

sunna%ﬁ::tmns PHONE (605) 886-7314

MAIL AND
TELEPHONE
ORDERS
“"WELCOMED"
.« « They're our
business!!

AEA AMT-1. REGULARLY $479.95

Imﬂ NOW ONLY $299.95
THE AMTOR TERMINAL UNIT!I! Works with any

P.O.Box 73 ASCIl terminal or personal computer with a terminal
208 East Kemp program. Also works RTTY, CW, ASCII.
Watertown, SD 57201 ORDER YOURS TODAY! Limited quantities.

APPLIED INVENTION — RECEIVER GUARD 2000—

THE SOURCE FON SOLI0 STATE | STATE-OF.THEART

GaAs FETS by MITSUBISHI

Wu Band Very low nose snd medim powes
NEw MGF 1100 Dual Gate GaAs FET 2 SaBNF @ 4GH: § 7 !s
MGF 1202 (1402 chip in 4 1200 package) $470
MGF1 404 GUARANTEED 0 G50BNF 3 4GH2 66 60
MGF1402 04 dBNF gp 432 11 0BNF @ AGHs $14.00
MGF1417 GUARANTEED 08, 08 o 1.0 dBNF @ 4GHZ $21 - 534 75
Also MGF1200. MGF1400. MGF1403 and medwm power MGF1801

MICROWAVE MODULES
MITSUBISHI X BAND Hytrd integrated Cucwity with
[helectre: Resonator (0,13 WMHe! " C) GaAs FE T Dscilators
FO-1010K 10 4 GHz, 15mw oul, UERT D0 Frange $3937
FO-VI0Y 110 5 o 120 GHr, UERT 20 Flange $36 37
* FO-UP1IKF  Complete Meterodyne Ax, 10 468 GHz LD $36 22
Use with 2 GHz F tor 12 Gz Satelitte TVRD

* FO-DPVIKF Dogoker Maodule 10 525 GHr UER1 00 Flange 34305
* X-Band 15 dBG die cast harn antenna (UER1 00} 1785
* GaAs FETPreamg | 7 2 1 GMz. 2 02 35 GHy. 2dBNF $45 00

COMPONENTS

AL THE SOURCE for RETICON Universal Active Fiters NE\\‘
I“?ﬂmql.aqwm swikched capacitor e 5

TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS

installs easily between the antenna and receiver input. When RF voltage to the receiver line
exceeds 1 volt, the unit activates by shunting the over voltage to ground and increasing the
resistance in the receiver line. If over voltage exceeds design parameters, an internal fuse lamp
opens (easy to replace). Perfect for contest stations, field day operations, areas saturated with
broadcast services and those who use separate transmit and receive
antennas. Less than .3 dB insertion loss between 1.8 and 30 MHz

3 Models available

P (with phone pligs) $29.95
U jwith 50-239) $29.95
v 142
cTT (with $0-239 and Alpha Delta
ransir for nd Transient
UHF CONNECTORS powscton) e $49.96 [LE[_J [kt
Piease aod $4 lor steppmg and handing U S only Foregn orders FOB Grovepon e
Can also be ysed with mosl Banscewvers wilh minor maodihications 4925 S HAM'LTUN RD

DESIGN ELECTRONICS OHIO  GROVEPORT, OHIO 43125

Apphe atson notey

OPTOELECTROMICS irom MITSUBISHE and SIEMENS
CW LASER DOODES, MIGH DUTPUT MLEDS,
P PHOTOD DNODES, FBER OPTICS, MORE!

WA 901 Sbstitute 25C2BTH, Fi=7GH:, 2 20BN s 1GH;
MEC 84515 direci replacement Semans BFO T4
LEADLESS DISK CAPS 100, 220, 470, 680, 1000 pf 10§ 250
MICROWAVE CHIP CAPS  Vory Jow ioss VITRAMON PTE00 senes
CONO.T Y AGHs GOMY 326GH GOV26420M $12%
VITRAMON VHF/UF NPO chips 10 100 1000 o 51§ 250
A-B type FWSN 100001 Feedite $07%
STRPLIME SHUTTLE TRIMMERS (VOLTRONICS) 01 25 059008 § 134
M0 SEALED CERAMK PISTOM (VOLTRONCS) D 6.9 OgF § 3 58
Thermno Electre Mea! Pumps & Sufy Menigture Cryopene: Refngerators CALL
IM GX250 ghastMe baand, fr=2 55 g 10GH: 0 001 03 n
0062 052w m
JOMMEON SMA 1 5q Nange temaie §3 50 Mais catie § 7 88
PROMPT SERVICE  SEND FOR CATALOG MINAMUM ORDER $5 00
VISA/MASTERCARD Accepied CASH prepay lake 5% descount
AN * [TEMS (UPS) $3 75  ALL OTHER ITEMS $2.50 {15t CLASS)
NY STATE RESIDENTS ADD 6% SALES TAX

A.D.2 ROUTE 21 HILLSDALE, NY 12529
518-325-3911 114

LEARN THE SECRETS"

® “Spills the beans about operating” —DX Bulletin
® A timeless work”’—DX Bulletin

® A first-class treatise’”’ —Hom Radio

® A solid gold treasure trove-a smash hit’"—73
@ ''Sure to increase competion for DX —QST

®

“'Simply the best book of its type ever
written. Worth every penny!’’— Westlink Report
A complete course for the DX'er,—beginner to
Honor Roll. 192 pages of solid DX—no charts,
graphs or other fillers. Available now at dealer for
$10.95 or odd $2.00 postage and handling.
Dept. D Box 583 Deerfield, IL 60015




here Is the next generation Repeater

MARK 4CR

The only repeaters and controllers
with REAL SPEECH!

No-other repeaters or controllers match Creatermessages just bytalk_mg. Speak any phrases_or
Mark 4 in capability and features. That's ~ WOrds in any languages or dialect and your own voice
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for

amateur and commercial repeater sites  emergency warnings, club news bulletins, and DX
around the world. Only Mark 4 gives you g y gs. S 4

Message Masterm real speech ® voice alerts. Create unique ID and tail messages, and the
readout of received signal strength, ultimate in a real speech user mailbox — only with a
deviation, and frequency error ® 4- Mark 4.

channel receiver voting ® clock time

announcements and function control e 7-

helical filter receiver ® extensive phone

patch functions. Unlike others, Mark 4

even includes power supply and a e

handsome cabinet.

Call or write for specifications on the
repeater, controller, and receiver winners.

MICRO CONTROL SPECIALTIES .- s

Division of Kendecom Inc.
23 Elm Park, Groveland, MA 01834 (617) 372-3442

See Sept. 73 for ZX-81 article

-Q‘\' AT LAST!! A VERY
fo)t AFFORDABLE COMPUTER
R AT A VERY

AFFORDABLE PRICE

mEEREMEEEEN
mEETEDEEMEN
EEEETEENENN
CEmREEEEEE®
BUY 18t UNIT FOR $19.95 'mv 2nd FOR $16.95 av DC WALL Atlnl OR $4.95
BUY THE Jrd UNIT im0 0rg matm F o #ants, $10.95 MANUAL 9k 1o va $2.85
SWITCHING
CHIF BONANZA (A! THESE PRICES THEY ARE & STEAL) POWER SUPPLY
t TR $1.50 EAOR 10 FOR $12.50 MODEL llF uu ) O
tm-uw A i $3.00 EA OR 10 FOR $25.00 FAGES

pnmm:-_ WEG e $5.50 EA OF 10 FOR $50.00

BTG - $1.95EA OR 0 FOA $18.00
$5.95EA OR 10 FOA $50.00
$295EA OR 10 FOR $25.00
n $1.25EAOR HFORS 8.00
64 PINBBITD/B « 16 BITCPU 4 495

* Hy Gain 40-Channel Board
e 40-Channel Switch

* Volume & Squelch Control
‘ § 295
}_1 004ANL MICRO.P CLOCK GEN AND DRIVER $ 595 HAL-TRONIX PRICE * FM Detector Module
S 991BANL MICAD P COLOR GRAPHICS AND DISPLAY § 9.95 : $1295 e Full Instructions Included
KEY BOARD (99/4) 48 KEYS MEASURE 4 X 10 (H1 TEK) $ 995 0 2 FOR $20.00
LIMITED BUPeLY
$ 1 4 95 Add $2.00 BOARD ONLY
T ITEM]) # ¥OuR 1HYING 10 BUILD THE CABL : 1
F5K DEMODULATOR/TONE DECODER frro .'.E. Fiaruaco THE FLB ISSUE OF RADID [ shipping & handling 56.95
XA2211 SPECIALL $2.95 ELE HAVE THE HARD TO GET COILS ANC

MITED QUAKTITY — & FER CUSTOMER Lats L
BrAnwasazAxs SZE0EA  E520MN 3000020 $1.50

s e RP TRANSCEIVER SET —$34.95
SCREW DRIVER SET W T RE LEADS FOR RG 50U .
PACHED M PLASTIC CASE $1.90 5 Fon $1.00 T % 7 FoH $1.00

»u»uuo |mnnlnhon RO RS nn- ( Wil B
ANGES AME REQUESTED Oh (
HANDLING AMD MAILING CHARGES Wil
FOB EREE FLYER ©ANADAN ORDESS ADGD 38

VHF CONVERTER SET — $24.95

Add $2.00 For Shipping & Handling — Send For FREE Brochure

HALTRONIX, INC. &®

SEND $2.00 FORFULL MANUAL WITH CIRCUIT DIAGRAMS
P.O. BOX 1101 - DEPT. N MANY OTHER MODULES AVAILABLE
SOUTHGATE, MICH. 48195

PHONE (313) 285-1782 o 160 = AR Gaoxr O WLAND MORNING DISTRIBUTING CO.

P.O. BOX 717, HIALEAH, FLA. 33011
(305) BB4-8686 - 188
152 November 1984




CALL FOR QUOTES
1-800-231-3057
1-713-658-0268

Inside Texas
All items Are Guaranteed Or
Sales Price Refunded.

| (

= @
EQUIPMENT
As you know, Madison is an authorized dealer for
all the popular equipment lines such as: DRAKE,
KENWQOD, YAESU, ICOM, KDK, TENTEC, SANTEC,
etc. BE SURE TO CALL US FOR A PRICE BEFORE YOU
MAKE ANY EQUIPMENT PURCHASE. WE WOULD LIKE
YOU TO BE OUR CUSTOMER.

KDK FM4033.. NEW 220mhz ..........cccooenn 349.00
KDK FM2033 .. ..289.95
SANTEC ST442...... 299.95
SANTEC STA40UD......coviivereniinieinis 250.00

KENWOOD TR2600 ..

TENTBC 2591 ..ot cvecie s 269.00
ICOM IC-02AT ................ Talk to us
TOKYO HI POWER amps. less 16%
MIRAGE amps............ loss 12%
VOCOMM amps .......c....oeevenn Less 10%

TOKYO HI POWER HC2000 tuner ..
TOKYO HI POWER HC4QOL tuner ..
TOKYO HI POWER HC200 tuner
WM. NYE MB-V 3KW funer & ant switch .....489.00
WM NYE 46-6 phone patch

for ICOM (8 wir@) ..........cooevvevivinniiininn, 82.00
BEARCAT DX-1000.... 499.95
SIGNAL ONE MILSPEC 1030. ..6595.00
ACCESSORIES AVAILABLE...........coooviviiiiniin CALL

KENWOOD TR-7950...TM-201A.. TM-404A...... CALL
KENWOOD NEWH..TM211 and TM-411........C

KENWOOD T5-930S...15-4305...............
KENWOOD T5-830S...TS-5308P.........
CES 5105A SMART PATCH...in stock..............
YAESU FT-209R...NEW HT........oooovveiiiniiis

ACCESSORIES

FLUKE 77 auto-ranging digital muttimeter...115.00
ALPHA DELTA MACC-8 surge protector......... 73.00
BENCHER Ll

WVIBROPLEX ..o less 10%

COAX SEAL.........cccoo. per roll

CN445!
TRIPPUTE PR25Regulated PS......25A/
TRIPPLITE PR4O......40A int.....25A cont.....149.95

BOOKS—We stock a wide selection of books on
Electronics, Communications and Computers.

TUBES

GE G146B ... 9.95
572B.............. .59.95
Eimac 3-5007 ... ..99.95

GE INDUSTRIAL TUBES ........

BELDEN

9913 low loss, solid center conductor, foil & braid
shield - excellent product. 50
8244 RG8 foam....
8237 RG8........
8267 RG243 ..o
8235 300 ohm KW twinlead.............
8000 44ga stranded copper ant. wi
8448 8 conductor rotor cable ...............
9405 as above but HD—2-16ga, 6-18ga
8403 Mic cable 3 condctr & shield .
100 feet 8214 wnds installed..............c......

POLICIES-~MASTERCARDS, VISA or COD.

All prices FOB Houston, Texas, except as noted.
Prices subject fo change without notice, subject 1o
prior sale. Used gear sale price refunded if not
@ﬂed. Call anytime to check status of your order.

Texas residents add sales fox.

ANTENNAS
ARX2B, V2S, 2MCV-5, ISOPOLE
Ad...

3 219.95
a..... .289.95
402CD .289.95
R3..v .279.95
Hustler 6BTV 12995
G7444 ..., 419.95

Butternut HF6V...80 thru 10 vertical
HF2V....80 and 40 vertical ................
70CMCV-7..70cm vertical collinear .............. 39.00
Barker & Williamson

All B & W Dipoles

NOITE: HyGain accessories shipped prepaid from
the factory with tower orders.

KEM KT34A .. 329.95
2MA3LBA..

43548C.Incl. .
4329618 .................
larsen Kulduck ................
Larsen Cellular Antennas...........
VALOR mobile antennas 75-10M, ea.
AVANTI ASP151 3G thru the giass 2M....
ANTECO 2M...5/8 MAG MOUNT, compl. .......
METZ SW-1 SWL ANT.50khz to 54mhz.............

MADISON STOCKS A WIDE SELECTION OF
ANTENNAS ... PLEASE CALL FOR PRICES

ROHN 50’ tower consisting of 4 sections of 25G,

1 section of 25AG-2 or 25AG-3...........o..... 269.00
ROHN FK2548 ................ prepaid ................ 799.00
SPECIALHI ROHN TOWER SPECIALI
25G per secHon.............c.ce... 46.00
per section.. ..407.00
per sechon ......c.oeoecrennd CALL

GENUINE ROHN ACCESSORIES

Alllance HD-73..........c........ ...99.95
UMD 59.95
AMPHENOL

BT COAX B ... 4.00

PL259 834SP silverplate........
UGA76 reducer RGBX/RGS9.
4400 N Male-80239.............
2900 BNC Male-50239.
8261 N Male X
Other Amphenol products in STOCK ~ CALL

CLOSEOUT CORNER-SOME GOOD DEALS IN HERE
We pian to feature things we “found” in our ware-
house. If you ever saw the warehouse you would
understand! This month's “FINDS” are:

AEA MT-4 Morse Trainer .28,
AEA MT-1P as above with nicad battery ......50.00
AEA KT-1 KeyerTriner ...25.00
DRAKE P75 Power Supply .
DRAKE 550 Code Reader.
DRAKE TR7/R7 RX Cable....
DRAKE MN 75..........cccooviiiiiiiiiiniiins

NOTE — QUANTITIES ARE VERY LIMITED

USED GEAR — YOU BET! CALL FOR UP TO THE MINUTE
ITEMS AND PRICES. 90 DAY WARRANTY, SALES PRICE
REFUNDED WITHIN TWO WEEKS. SIX MONTH FULL
TRADE IN TOWARDS NEW GEAR. 119

MADISON

Electronics Supply

1508 McKinney

Houston, Texas 77010
RTTY SALENM

MADISON has several RTTY systems on sale this month,
If you don't see what you want, give us a call. We may
have It on SALE.

AEA PACKAGE SPECIALS
This package allows full MORSE, BAUDCT RTTY, ASCIl RTTY
and AMTOR operations.

AEA CIM refail
.retail...
Lretall...

5 ft BELDEN mic cable..... .refail...
MIC Connector, 4 or 8 pin.............. retall

TOTAL $489.80
SPECIAL SALE PRICE 379.95 YOU SAVE $$$$

This package has all of the software features Includ-
ed above, but in a self-contained unit. The interface
is a little less sophisticated.

AEA MAP-64/2 TU and software
AEA Tl tuning Indicator.......
AEA AC-1 12 volt ps

TOTAL

8384 $384.80
YOU SAVE $$$$

SPECIAL SALE PRICE 289.95

All tems available separately

ALL AEA ITEMS IN STOCKIII  SALE PRICES.
KANTRONICS

We have the entire KANTRONICS product line In stock
at special prices this month............nn CALL

KANTRONICS UTU.......... works with any computev that

$219.90

TOTAL
YOU SAVE $84$

SPECIAL SALE PRICE 189.95
KANTRONICS “"CHALLENGER" terminal unlt. A NEW
PRODUCT from Kantronics. retail......................... 99.95
SALE DEAL - BUY the CHALLENGER ot retall and get the
software at a 25% DISCOUNT.

CHECK THIS OUT
KANTRONICS INTERFACE | [
KANTRONICS INTERFACE
These are our reguiar "DEAL’ prices,
the KANTRONICS SOFTWARE of your choice at a 20%
DISCOUNT. TALK ABOUT A DEALNI

GOSH, | almost forgot about MR, CALL
for your SPECIAL PRICES ON MFJ.

AEA PACKET. The new AEA PKT-1 PACKET SYSTEM

All the features of the TAPR and VADCG systems and
HON SOMB....oviiiiiiii retall......... .599.95
SPECIAL PRICE............ Includes AC-4 ps............ 499.95

AEA AMT-1 Terminal unit and software that works from
any computer with a R$232 port, or any ASCli terminal.
MORSE, BAUDCT, ASCl