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Simple to use Dual VFO's standard
Data transfer button for markir g a fre-

opera -
incudes CW/AM/ oS
SSB/RTTY —

Normally used side ==
band selected
automatically.

AGC NB

Continvously variable power from
10W to full power — speech pro-
cessor — LDA channeling module in-
duded provides auto band changing
capability when increasing your
power using the IC-2KL broad
banded solid state linear.

General coverage receiver from a
0.1MHz to 29.999.9MHz - Spiit VFO
operation — Frequency memorized
in standby VFO.
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Droadbanded solid state transceiver operation on the 9
amateur HF bands — Readout of mode in use and VFO
— Status LEDs for push button functions.

Use of RFJALC switch in conjunction
with the intemal top hatch cover
switches allows monitoring relative RF
Out, SWR, and ALC.

The ICOM HF System. We Have You Covered.

HF/VHF/UHF AMATEUR ANO MARINE COMMUNICATION EQUIPMENT

ICOM

ICOM AMERICA, INCORPORATED

Sales Service Centers iocated at
2112 116th Avenue NE 3331 Towerwood Dr, Suite 307
Bellevue, WA 98004 Dallas, TX 75234
Phone (206) 454-8155 Phone (214) 620-2780

All stoted spedficotons ore opproximate and subject to change without notice ar obligation. All ICOM radios significanty exceed FCC regulations limiting spudous emissions.




3-STORE BUYING POWER in action!

YAESU
HAND HELD’s

2 METER
CALL FOR
SPECIAL
PRICES
7OCM

FT- 208R FT-708R

E'l‘n ALPHA

ALL ALPFA AMPLIFIERS ARE
IN STOCK “OR FAST DELIVERY
CALL FOR SPECIAL PRICES

MIRAGE B-1016
2 METER AMPLIFIER

160W OUTPUT,
SSB, FM, CW.

Freq range:144-148MHZz ¢ RF out:160W nom
(10W in) ® RF pcwer in. 5-15W @ DC operating
pwr: 13.8VDC @ 20-25A ¢ Intermittent duty
cycle ® Built-in racewver pre-amp. Auto-

matic internal or external relay keying

REGULAR

$279.95 $249.95

BETTER. :

North...south...east... west.

Bob Ferrera,W6RJ/KGAHV,
Jim Ratferty, N6RJ >
other well known hams
give you courteous,

FREE
SERVING HAMS » PHONE

KLM/TRI-EEX

KLM KT-34A

4 element tri-bander

Regular $309

$389.95
KLM KT-34XA

6 element tri-bander

Regular $469

$569.95

KLM 7.2-1 40M rotatable dipole.
Regular $199.95 Special $159.00

KLM 7.2-2 40M, 2 element beam.
Regular $349.95 Special $299.00
KLM 7.2-3 40M, 3 element beam.
Regular $529.95 Special $449.00

KLM 7.0-7.3 4A 40M, 4 element beam.

Regular $749.95 Special $629.00

144-148-13LB. 2M, 13 el.long boom.
Regular $89.95  Special §77.95

432-16LB 432MHz, 16 el. long boom.
Regular $74.95  Special $60.70

144-150-16C, 2M, 16 el. Cir pol.
Regular $116.95 Special $93.55

420-450-18C 435 MHz 18 el. Cir pol.
Regular $69.95  Special $58.70

TRI-EX W51, 51 foot tower.
Regular $999.95 Special $829.95

W51 TOWER w/ KT-34A

$1099
W51 TOWER w/ KT-34XA

$1239

PRICES ARE FOB CALIFORNIA.

ON ANTENNAS & TOWERS

except for certain combinations. Please Inquire.

ALL LISTED ANTENNAS/TOWERS IN STOCK..

MONDAY THROUGH SATURDAY

CALIFORNIA CUSTOMERS PLEASE PHONE OR VISIT LISTED STORES

FREE SHIPMENT

ANAHEIM, CA 92801
2620 W. La Palma,

(U.P.S. Brown)
CONTINENTAL U.S.A

BURLINGAME. CA 94010

KENWOOD
BIG FIVE

Cash in on our 5-Store buying
power. Most items in stock
for fast delivery.

CALL NOW!

TS-830S

.no wait.

800 854-6046

9:30AM to 5:30PM PACIFIC TIME.
OVER-THE-COUNTER, 10AM to 5:30PM.

999 Howard Ave., (4°5) 342-5757
S miles south on 101 from S.F. Airport.

(714) 761-3033 (213) 860-2040
Between Disneyland & Knott's Berry Farm
OAKLAND, CA 94609 SAN DIEGO, CA 92123
2811 Telegraph Ave., (415) 451-5757 5375 Kearny Villa Road (714) 560-4900

Hwy 24 Downtown. Left 27th ofi-ramp Hwy 163 & Clairemont Mesa Blvd.

AEA- ALLIANCE * ALPHA « MMECO - AMPHENOL - ARAL:ASTAON « DENTRON * DRAKE + DX ENGINEERING + EIMAC - HUSTLER
*AVANTI- BENCHER- BERX-TEK:BIRD-BAW:CALLBOOK:CDE *HY-GAIN - ICOM - ) WMILLER + KENWOOD + KLM « LARSEN
«COLLINS: CUBIC -CURTIS - CUSHCRAFT - DAIWA - DATONG *LUNAR + METZ - MFJ * MICARO - LOG * MINI - PRODUCTS

personalzed
master (harge

VAN NUYS, CA 91401
6265 Sepulveda Bivd., (213) 988-2212
San Diego Fwy at Victory Blva

*MIRAGE * NYE * PALOMAR:ROBOT-ROHN - SHURE + SWAN
* TELEX * TELREX: TEMPO : TEN-TEC+ TRISTAO
* YAESU and many more'

Prices. specifications, descriptions subject to change without notice.  Calif. residents please add sales tax
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INFO

Manuscripts

Contrnibutions in the torm ot manu
scripts with drawings and/or photo
graphs are welcome and will be con-
sidered for possibie publication. We
can assume no responsibility tor loss
or damage to any material Please
enclose a stamped, self-addressed
envelope with each submission. Pay
ment for the use of any unsolicited
maternal will be made upon accep:
tance. All contributions should be di
rected to the 73 editonial offices
How to Write for 73" guidelines are
available upon request

Editorial Offices:

Pine Street
Peterborough NH 03458
Phone: 603-924-9471

Advertising Offices:

Eim Street
Peterborough NH 03458
Phone: 603-924-7138

Circulation Offices:

EIm Street
Peterborough NH 03458
Phone: 603-924-9471

Subscription Rates

In the United States and Possessions
One Year (12 issues) $25 00
Two Years (24 issues) $38.00
Three Years (36 1ssues) $53.00

Elsewhere:

Canada—$27 97/1 year only, U.S
tunds Foreign surface mail—$44 97/1
year only, US tunds drawn on US
bank Foreign air mail —please inquire

To subscribe,
renew or change
an address:

Write to 73 Magazine, Subscription
Department, PO Box 931, Farming-
dale NY 11737. For renewals and
changes of address. include the ad
dress label from your most recent
1ssue ot 73. For gift subscriptions, In
clude your name and address as wel
as those ot gitt recipients. Postmaster
Send form #3579 to 73 Magazine, Sub-
scrniption Services. PO Box 931 Farm
ingdale. NY 11737

Subscription
problem or
question:

Wnite to 73 Magazine. Subscription
Department, PO Box 931, Farmingdale
NY 11737. Please include an address
label

73 Magazine (ISSN 0098-9010) 1s pub-
lished monthly by 73. Inc.. a subsidiary
of Wayne Green, Inc.. 80 Pine Street
Peterborough NH 03458. Second class
postage paid at Peterborough NH
03458 and at additional mailing offices
Entire contents copyright 1982, Wayne
Green, Inc. All rights reserved. No parn
of this publication may be reprinted or
otherwise reproduced without written
permission from the publisher Micro
film Edition—University Microfilm
Ann Arbor Mi 48106
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When it comes to

AMATEUR
RADIO QSL’s...

ONLY BOOK!

US or Foreign Listings

callbooks

Here they are! The latest editions. World-

famous Radio Amateur Callbooks, the
most respected and complete llsting of
radio amateurs, Llists calls, license classes,
address information. Loaded with special
features such as call changes, prefixes of
the world, standard time charts, world-
wide QSL bureaus, and more. The U.S.
Edition features over 400,000 listings,
with over 70,000 changes from last
year. The Foreign Edition has over
370,000 Ilistings, over 60,000 changes.
Place your order for the new 1982 Radlo
Amateur Callbooks, avallable now.

Each  Shipping  Total

US Callbook $18.95 $3.05 $22.00
3 Foreign
Calibook $17.95 $3.05 $21.00

Order both books at the same time for
$39.95 Including shipping.

Order from your dealer or directly from
the pubtisher. All direct orders add shipping
charge. Foreign residents add $4.55 for
shipping. Illinols residents add 5% sales tax.

= SPECIAL LIMITED OFFER!
/ Q Amateur Radio

|| Emblem Patch

| AMATEUR RADIO 0n|y $2.50 pOStpaid

Pegasus on blue field, red lettering. 3'' wide
x 3" high, Great on Jackets and caps.

ORDER TODAY!

RADIO AMATEUII I I L I(
00

DQDt

925 Sherwood Drive
Lake Bluff, IL. 60044, USA
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SWR & Power
Meter

¢ The most advanced
automatic computing RF
measuring instrument in
amateur radio.

o Logarithmic SWR scale.

e Power ranges 20/200/2000
watts.

¢ Frequency range 1-30
MHz.

Automatic. No “set” or “sensitivity"”
control. Computer sets full scale
so SWR reading is always right.
Complete hands-off operation.

Light bar display. Gives instant
response so you can see SSB power
peaks. Much faster than old-fashioned
panel meters. Baton switch selects
three power ranges.

Logarithmic SWR display. Computer
expands the display where you need
it so it's easier to see, easy to use.

Computer operated. Now an
analog computing circuit and digital
comparator automatically compute
SWR regardiess of power level. Frees
you from checking zero, setting a
“sensitivity” knob and from squinting
at old-fashioned cross pointer
mechanical meters. With this new
meter computing is done electronically
and displayed with moving light bars.
Individual bars for SWR and power.

Compact, attractive. The new
SWR & Power meter is in a 4X4X5
inch metal case with brushed aluminum
panel and black vinyl cover. Red light
bars. Baton switches. For 115-v
50/60 Hz

Model M-827 Automatic SWR &
Power Meter $97.50 in the U.S. and
Canada. Add $3 shipping/handling
Caiifornla residents add sales tax

—
visA
——

ORDER YOURS NOW!

Palomar
Engineers

1924-F West Mission Road
Escondido, CA 92025
Phone (714) 747-3343




Build This Digital Vfo

—a microprocessor makes it simple

‘Lite Receiver IV
—the second half

WA5VQK 12 WAA4CVP, WA40SR 52
Surviving the Unthinkable TVRO Transducer
—part 1l: some practical ideas. AKOQ 30 i —WaVGgUide'x:;)(a::/;ravr;it‘l(())nSR -
The MTV Music Box
) = .
]Une 82 Satellite Central, part VllGibson -
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A Split Personality
for the KDK FM2015R

Tune In the World’s Tinderbox
—SWLing from Cairo to Kuwait

KQBV 40 Peterson 66
Building for Beginners Are You Ready for 900 MHz?
—happiness is a hot soldering iron WB4LNM 74
N1 42
Crime-Stoppers’ Textbook
Coping with PC Boards —rules of thumb for would-be gumshoes
—it’s not easy to be virtuous KC7M 48 Diefenbach 84

Never Say Die — 6, Ham Help — 64, 92, 94, 95, 108, 118, Corrections — 64, 96, Social Events — 88, Satellites— 97,
Fun—98, DX—99, Letters— 101, Contests— 104, Awards— 106, Reader Service— 114, Review— 115, New
Products— 119, Dealer Directory — 162, Propagation— 162
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NEVER SAY DIE

editorial by Wayne Green

to a fantastic radio my grand-
father in Littleton, New Hamp-
shire had...with a shortwave
band on it! Wow! There were all
those foreign broadcast sta-
tions. . .and a myriad of hams. |
was a roly-poly kid, but the fami-
ly still had trouble tearing me
away from the twenty-meter
ham band to eat.

It was at just this juncture
that some fiend dumped a box
of radio parts in my iap one Sun-
day at church. Most of the parts
were brand new and in their orig-
inal cartons, so | couldn't just
throw them away. Oh, | tried to
sell them to the local radio re-

HOOKED

You know, after over forty
years of hamming | still don't
know exactly what it is that
grabs the interest of a teenager
and turns him from a normal rot-
ten kid into a raving electronic
maniac. I'm told by the dodder-
ing grey-bearded old-timers who
have taken over most of the ham
clubs in the country that young-
sters are exposed to the whole
world on television and thus find
little exciting about talking to
weird places.

Hmmm. I'm not convinced.
No, amateur radio didn’t gradu-
ally die off. It was kilted with one
blow back in 1963. Before that it
had been growing at 11% per
year for 17 years, right on up
through the evolution of televi-
sion. TV never even slowed it
down.

My first exposure to amateur
radio must have made a strong
impression, because after 50
years | still remember it. Yep,
sonny, | was a shaver of ten and
while visiting the best friends of
my grandparents in Bethlehem,
New Hampshire, | met Harry
Stevenson W1CUN. His mother,
along with Johnny Macauley,
ran the Valley View Inn. That
was back in the heyday of hotels
in Bethlehem...30 hotels and
100 rooming houses, the bill-
board at the entry to town said.

Harry was sitting there laconi-
cally talking on a 75m rig...a
breadboard construction with a
big copper tube final coil. He
didn’t pay a lot of attention to
the visiting kid. It didn't occur to
me, at ten, that | might ever be
able to understand the wizardry
of that mass of wires and tubes.

pairman (now gone the way of
the ice man), but he sneered at

Like a time bomb ticking
away, that experience lay hid-
den, waiting for the spark of pu-
berty to set it off. By 14, | was al-
ready familiar with the excite-
ment of the police calls at the
top of the broadcast radio dial.
Then all it took was an exposure

the parts as antiques. Popular
Mechanics had a radio con-
struction project each month,
many of them using parts just
like those in my collection, so |
put together a radio in an oid ci-
gar box...and unfortunately it
worked. | was hooked.

both of Bloomington IN.

HOME-BREW CONTEST WINNERS

® 1st place, $250 prize: **‘Smart Squelch for Single-Sideband
Receivers" by Frank Reid WOMKYV and David Link W9YAN,

® 2nd place, $100 prize: “'Six-Meter Double-Sideband QRP
Transmitter” by Larry Jack KL7GLK of Annapolis MD.

® Honorable mention, $50 each: ‘*‘MB-1 Function Circuit" by
Mike Strange WA2BHB, Pine Hill NJ, “‘Splattometer” by
Penn Clower W1BG, Andover MA, and “Weather Converter
for Your Two-Meter Rig"" by Paul Danzer N1il, Norwalk CT.
We're sure you have heard it said that *‘hams are not build-

ing anymore; they're just appliance operators.”" Well, 73's
Home-brew Contest proves that rumor to be baloney. We were
literally buried with entries. The winning projects show that
hams are not only building, but that they are still innovating,
too.

Our editorial staff burned the midnight oil in early April,
choosing five finalists from more than 100 entries. The win-
ners were then picked by three of 73's veteran home-brewers:
AGY9V, K1XR, and W1XU.

The Home-brew Contest winners will be published in future
issues of 73. In the meantime, keep your soldering iron
hot—73 is having another contest. This time there will be a
$50 limit for the project’s parts.

$$ HOME-BREW || CONTEST $$

Between now and October 1, we'll be looking for articles de-
scribing the best home-brew projects in the land for under
$50. All useful projects will be published in 73, and the cream
of the crop will share $500 in cash prizes. Top prize in the con-
test is $250, with $100 going to the second place project and
$50 to each of three honorable mentions. These prizes are
over and above the payment that all authors receive for hav-
ing their articles published in 73.

Contest Rules

1. All entries must be received by October 1, 1982. To enter,
write an article describing your best home-brew construction
project, and submit the article to 73 Magazine. Any construc-
tion article received before the October 1 deadline is automat-
ically entered in the contest. Any entries for the first Home-
brew Contest which meet the $50 requirement for Home-brew
Il wili be automatically entered. If you haven't written for 73
before, please send an SASE for a copy of our author’s guide.
2. The total cost of the project must not exceed $50, even if all
parts are purchased new. Be sure to include a detailed parts
list, with prices.
3. All parts used in the project must be available to the aver-
age radio amateur or electronics experimenter. To be on the
safe side, include sources for any unusual components.
4. Projects will be judged by the 73 technical staff on the ba-
sis of usefulness, reproducibility, economy of design, and
clarity of presentation. The decision of the judges is final.
5. All projects must be original, i.e., not previously published
elsewhere.
6. Allrights to articles purchased for publication become the
property of 73 Magazine.

Send your entries to:

Home-Brew Il Contest
73 Magazine
80 Pine Street
Peterborough NH 03458

Winners will be announced in the December, 1982, issue of
73. Have fun!

73 Magazine * June, 1982




.. pacesetter in amateur radio

CASH
NOW!

TR-7730
*30°2°OFF

WITH OR WITHOUT
MC-46

R-1000
*302° OFF

ASK YOUR DEALER FOR DETAILS

TS-130SE or
TS-130S

$15%9°0FF

TR-8400
*30°° OFF

Participating Trio-Kenwood Authorized Dealers:

ALABAMA

Long's Electronics

Birmingham, AL 35233

(205) 252-7589

ALASKA

Reliable Electronics

Anchorage, AK 99503

(907) 279-5100
ARIZONA

Power Communications
Phoenix, AZ 85015

(602) 241 9288
CALIFORNIA

Ham Radio Outlet

Burkngame CA 94010
115) 342-575/

Ham Radio Outlet

San Diego. CA 92123

1714) 560-4900

Ham Radio Outlet

Van Nuys, CA 91401

213) 988-2212

Ham Radio Outlet®

Oakland CA 94609

(415) 451-5757

Ham Radio Outlet
Anaheim CA 92801

{714) 761 3033

Henry Radio, Inc.

.0s Angeles, CA 90025

(213) 820-1234

Henry Radio & Electronics

Anaheim, CA 92801

(714) 772-9200

COLORADO

CW Electronic Sales Co.

Denver. CO 80202

(303) 832-1111

FLORIDA

Amateur Electronic
Sup

Orlando FL 32803
(305) 894-3238
Amateur Radio Center
Miami, FL 33137

(305) 573-8383
HAWAII

Honolulu Electronics
Honolulu, HI 96814
(B0B) 949-5564
IDAHO

Ross Distributing Co.
Preston, ID 83263
(208) 852-0830
ILLINOIS

Erickson Communications
Chicago, IL 60630
(312) 631-5181
INDIANA

Graham Electronics
Indianapolis, IN 46204
(317) 635-5453
Hoosier Electronics
Terre Haute, IN 47802

| (812) 238-1456

Kryder Electronics
Fort Wayne, IN 46815
(219) 465-6434

IOWA

Hl, Incorporated
Council Bluffs, 1A 51502
(712) 323-0142
KANSAS
Associated Radio Comm.
Overland Park, KS 66204
(913) 381-5901

MARYLAND
Electronic Int’l Service
Wheaton MD 20902
(301) 946-1088

The Comm. Center
Laurel, MD 20810

(301) 792-0600
MICHIGAN

Radio Supply &
Engineering

Detroit. MI 48201

(313) 435-5660
MINNESOTA

Midwest Amateur
Radio Supply, Inc®
Minneapolis MN 55142
(612) 521-4662
MISSOURI

Ham Radio Center

St. Louis, MO 63132
(314) 993-6060

Henry Radio Company
Butler, MO 64730
(B816) 679-3127
MidCom Electronics
St Louis, MO 63144
(3141 961-9990
Missouri Radio Center®

Kansas City, MO 64150
(816) 741-8118
MONTANA

Conley Radio Supply
Billings, MT 59101
(406) 259-9554
NEBRASKA
Communications Center
tincoln, NB 68508

(402) 476-7331

1
|
|

NEVADA

Amateur Electronic
Supply*

Las Vegas, NV 89106
(702) 647-3114

NEW HAMPSHIRE

Tuft’'s Radio &

Elect. Supply

Hudson, NH 03051

(603) 883-5005

NEW MEXICOD
Electronic Module
Hobbs MM 88240

(5056) 397-3022

NEW YORK

Adirondack Radio Suppty
Amsterdam, NY 12010
(518) 842 8350
Harrison Radio Corp.
tong Island, NY 11735
(516) 293-7990

Radio World

Qnskany, NY 13424

(315) 736-0184

OHIO

Amateur Electronic
Sup

Wuckllﬂe OH 44092
(216) £85-7388

Srepco Electronics
Dayton, OH 45404

(513) 224-0871
Universal Amateur
Radio, Inc.
Reynotdsburg, OH 43068
(614) 866-4267
OKLAHOMA
Derrick Electronics®
Broken Arrow, OK 74012
(918) 251-9923

TS-530S
51 5 0 OFF

Radio, Inc.

Tulsa, OK 74119
(918) 587-9123
OREGON

Portland Radio Supply
Portiand, OR 97205
(503) 228-8647
PENNSYLVANIA
Hamtronics/Trevose
Trevose, PA 19047
(215) 357-1400
J.R.S. Distributors
York, PA 17404

(717) 854-8624
SOUTH CAROLINA
G.LS.M.O.
Communicatlons
Rockhill, SC 29730
(803) 366-7157
SOUTH DAKOTA
Burghardt Amateur
Center

Watertown, SD 57201
(605) 866-7314
TENNESSEE
Amateur Radio Supply
of Nashville
Madison, TN 37116
(615) 868-4956
Memphis Amateur
Electronics
Memphis, TN 38108
(901) 683-9125

TEXAS

Douglas Electronics
Corpus Christi, TX 78404
15123 883-5103
Electronics Center
Dallas TX 75201

(214) 526-2023

Hardin Electronics
Ft. Worth, TX 76112
(B17) 429-9761
Madison Electronics
Houston TX 77010
(713) 658 0268
Kennedy Associates
San Antonio, TX 78222
(512) 333-6110
WASHINGTON
A-B-C Communications
Seattle, WA 98155
(206) 364-8300
Amateur Radio
Supply Co.
Se'mln WA 98108
2061 767-3222
C-COMM*
Seattle, WA 98107
{206) 784-7337
WISCONSIN
Amateur Electronic
Supply
Milwaukee, Wi §3216
(414) 442-4200

*Intenim Dealers
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At 15, | was busily bootleg-
ging on 40-meter CW with my
Hallicrafters SX-19 receiver and
a homemade 6L6 rig. | was pret-
ty good at the code, but every
time I'd go down to take my li-
cense exam, I'd go into a total
panic and flub it. | think the only
reason | ever passed was that
one day | went along with a
friend who was being examined.
| hadn't practiced or even stud-
ied for the written test. Once we
got there, since the test was free,
| said what the hell and sat down.

The code came through,
sounding like five words per
minute. | got good copy. My bud-
dy, who had been whipping off
15 per the night before, had an
almost empty page. | got my
ticket and he never did get his.
Pity, for he became a well-
known electronic engineer. Pan-
iCH

The ham DXing originally got
me interested, but | didn't get in-
to that aspect of it until years la-
ter. | was mostly active in my
early days on 160m and 2%2m.
DX is relative, of course, once
you get into the hobby. My con-
tacts across town on 112 megs
were as much fun as working
Swaziland 30 years later.

As a jaded old-time ham, you
may not find much excitement
in whipping out an HT and mak-
ing a contact with some friend
fifty miles away, but I'll bet that
a lot of youngsters would find it
fantastic. Oh, they're familiar
with CB.. .but it is never like
this.

I1f CB had been around when |
was a kid, would | have been
side-tracked into it? Undoubted-
ly. Would my eventual disillu-
sionment with CB stop me from
getting into amateur radio? |

don’t know. . .and that might be
some of the reason for our low
level of newcomers. Still, with
the entry into amateur radio now
at five words per minute and the
technical test totally bypassed
by the Bash books, there are few
barriers.

| learned the Morse code one
evening while getting dressed to
go to a Boy Scout meeting. I'd
put it off until the last minute, as
usual, and had to demonstrate
my code ability at the meeting.
Within one hour, | learned the
letters and was doing at least
five words per. | was 14 at the
time.

To digress, as usual, my en-
thusiasm for getting rid of the
Morse code test for a ham li-
cense and replacing it with a

Continued on page 121

Well. .

.ICan Dream, Can’tl?

you're on the air.”

by Bandel Linn K4PP

~

“The Russian embassy says they're ordering the ‘Woodpecker’ to stop while
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KILM’s KT-34X A

Outperforms ‘ommercially available tribanders and many monobanders, too!

KLM’s KT-34XA TRIBANDER is the 2nd generation of a unique new series of antennas designed to
provide superior broadband coverage on 20, 15, and 10 meters. The combination of lossless linear
loading and hi-Q air capacitors enables the KT-34XA to outperform all commercial available tribanders
and meet or exceed the performance of a conventional stacked monoband system. The lower weight
and windload of a single antenna mean reduced tower and rotator requirements. Thus, overall system
costs can be kept to a minimum while enjoying the best of monobander-type performance.

KLM'’s field proven KT-34A is the heart of the “XA’ model. The boom length of the “XA", however,
has been doubled, and one tri-resonant and one full size 10 meter element have been added. These
changes increase the gain to 11-11.3 dBd on 10M, 9-9.5 dBd on 15M, and 8.5-9 dBd on 20M. Two
driven elements are used to make the KT-34XA unusually broadbanded (a concept applied to many KLM
antennas). Gain is virtually flat across each band except for 10 meters which has been optimized for the
DX'er, 28-29 MHz. The chart below shows the remarkable performance qualities of the KT-34XA.

GAIN {dBd) KT-34XA GAIN vs. VSWR
9.0 9.5

8.5 ggM‘
8.0 8.5
21

VSWR
1.5:1

Y i 3 A e e A e A e A A
MHz 14.0 A & 3 4 MHz210 1 2 3 4 &5 Mhz280 .1 2 3 4 5 6..7 8 .9 29..1 .2

KLM
P.O. Box 816, Morgan Hill, CA 95037
(408)779-7363
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What's better than one
ICOM in the hand?

Meet the new ICOM 220 MHz IC- The IC-3AT includes a 16 button
3AT. Providing full coverage of the 220 MHz Touchtone® Pad and covers 220 to 224.99MH:z
band, the IC-3AT is similar in appearance and both simplex and duplex operation. The
size to the popular IC-2AT. All accessories, IC-3AT system comes complete with IC-BP3
mcludmg battery packs, chargers, microphone, NiCd battery pack, AC wall charger, belt clip,

completely compatible between the two “rubber duckie” rist strap all standard at
no extra cost. '
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EBICoN) 2 Meter FM 220 MHz FM

N.E., Bellevue, WA 98004 / 3331 Towerwood Dr., Suite 307, Dallas TX 75234 IC 0 M
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ICOM VHF Mobile Performance at a Budget Price
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Imagine IC—ZZShperformance and

plus 800 channels. .

Easy to Operate.

¢ Convenient pushbutton frequency
selection

® Monitor repeater inputs at the flip
of a switch

® Hi/Low power pushbutton
selectible

® Touch Tone g available with optional
HMS8 microphone

e Convenient hookup points for sub-
audible tone encoder or continuous

city

tone controlled squelch system

® 5 KHz step (800 T/R channels
standard)

¢ Covers the complete 144-147.995
MHz ham band

ICOM Performance.

¢ 5 helical resonators for outstanding
selectivity

¢ Continuous duty rated 10 watt
transmitter — rugged performance

e Excellent receiver sensitivity

ICOM

¢ Patterned after ICOM’s extremely
successful and reliable IC-22S.
¢ APC circuit for protection of finals

Versatile.

® Easily set up for CAP/MARS use

¢ 8 pin mic connector

® 9 pin undedicated accessory socket

® Remotable frequency selection
option (Ex-199)

® Compact size [6.2 in (W) x 2.3 in
H) x 8.6 in (D)}

2112 - 116th Avenue NE, Bellevue WA 98004

3331 Towerwood Dr.,

'; Il-nhud specifications are approximate and subject to change without notice or obligation. All 1COM radios significantly exceed FCC regulnnom limiting spurious emuﬂol- o '
o AN 91

Suite 307, Dallas, TX 75234
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Tim Ahrens WASVQK

Microcomponent Applications
Engineer, Motorola

3501 Ed Bluestein Blvd.

Austin TX 78721

Build This Digital Vfo

— a microprocessor makes it simple

Ed. Note: The MC6805T2L2 microprocessor IC used in this project must be ordered directly from Motorola. Send a money order only (no
checks) for $11.50, payable to Motorola, to: Tim Ahrens, Motorola, 3501 Ed Bluestein Bivd., Austin TX 78721, Attention: Mail Stop L-2787.

his article describes a
microprocessor-con-
trolled vfo which may be
used as a remote vfo for ex-
isting stations or incorpo-
rated into new radio-system
designs. The vfo features
ten battery-backed-up
memories, keypad entry of
frequency, up/down scan-
ning, a real-time clock, plus
a liquid crystal display
As a remote, the vfo
tunes from 5 to 6 MHz in
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100-Hz increments and is di-
rectly compatible with ra-
dios which use a 5-to-5.5-
MHz internal vfo (eg.,
FT-107, FT-707, etc.). If us-
ing one of these radios, only
small modifications within
the radio are required to al-
low the remote vfo to
change bands at the touch
of a finger!

Microprocessor Selection
The vfo is designed a-

round Motorola’s MC6805T2
microprocessor. Within this
multi-function chip (now
called a microcomputing
unit—MCU —because of
all the integrated functions
on board), |/O plays a very
important part. This is the
portion of the MCU which
does the actual communi-
cating with switches, LEDs,
bells, and whistles. The
MC6805T2 MCU used in
this project (we will refer to

it as the “T2”) has a small
amount of RAM, ROM (2.5
K bytes), a timer, parallel
1/O lines, and one other fea-
ture that makes it ideal in
the radio environment—a
built-in frequency synthe-
sizer. A block diagram of
the synthesizer is shown in
Fig.1(a); Fig.1(b) is a block
diagram of the entire vfo.

The vco signal which is
fed back into the T2 may
have an amplitude as low
as one-half volt and be as
fast as 16 MHz. With exter-
nal prescaling, the vco fre-
quency may be consider-
ably higher. However, any
external prescaling will
multiply the step size by
the prescaling factor.

In addition to its on-chip
synthesizer, the T2 contains
enough ROM to hold all the
software needed for the vfo
control program. In fact,
the T2 with the vfo program
in ROM is available from
any Motorola distributor.

An alternative to the T2 is
the MC68705P3 MPU. The
P3 is very similar to the T2
except that it requires an
external synthesizer and it
contains on-board EPROM
instead of ROM. The
EPROM on the P3 is user-
programmable, so you
should use the P3 if you
need a control program
other than the one avail-



able in ROM on the T2. See
the box for further informa-
tion on programming and
use of the P3.

The circuit-board layouts
given in this article can be
jumpered for use with ei-
ther MPU. The figures and
text explain where differ-
ences occur. For those who
prefer not to etch their own
boards, a source for boards
as well as components is
given in the small box

Using the Vfo

Upon power-up, the
MCU reads the last-entered
frequency from the RAM
on board a battery-backed-
up MC146818 clock chip,
enters it into the synthesiz-
er, and displays it If power-
ing up from a “dead” sys-
tem (no battery backup),
garbage will be both dis-
played and entered into the
PLL system.

After the power-up se-
quence is completed, num-
bers for a different frequen-
cy may be entered via the
keyboard. When the dis-
play shows the frequency
desired, depress ’‘enter”
and the PLL system will be
set up. By entering the fre-
quency in this manner, it is
also stored in RAM so that
if a power failure should oc-
cur, the correct frequency
will be read from the bat-
tery-backed-up system and
the PLL restored

If the displayed frequen-
cy is to be stored into mem-
ory for later recall, press
“memory” followed by a
digit, 0-9. To retrieve a pre-
viously stored frequency,
press “recall” followed by
the desired digit. All of
these memories have bat-
tery backup.

If you want to move up in
frequency, press and hold
the “up” button. If you
want to go up fast, press
and hold the “fast” button
at the same time. The fre-
quency will go up until it
reaches XX.999.9, at which
time it will roll over to
XX.000.0. To make the sys-
tem go down in frequency,
the same procedure may be

SYSTEM CLOCK

|
PART OF MC6805T2
=

|

—— wev — !

= | oscitLator | [ 10-BIT REFERENCE | | |

T S DIVIDER |
| DIVIDE BY 4 o = & | PHASE/

T

FREQUENCY
COMPARATOR

FREQUENCY
out

LOW PASS FILTER

$—*| CONTROLLED |
OSCILLATOR

m
—
|
(|
‘
FEEDBACK SIGNAL
[ . FROM vCD E===== ==
e Y - —) | OPTIONAL
| DIviDE-BY-N [T — rcrTIona Y
—————— J

—

Fig. 1(a). Block diagram of synthesizer on MC6805T2 MCU chip.

followed using the “down”
key

To set the time, press
““recall’”” followed by
“memory.” At this time, the
display will show EEEEEE,
signifying that the time may
now be entered. Enter the
time in 24-hour format, and
when satisfied with the dis-
play, press “enter.”” At this
time, the data will be
placed into the clock chip’s
registers and time-keeping
will commence. When "‘en-
ter” is depressed, the fre-
quency that was on the dis-
play before setting the
clock will be restored to the
display. The actual PLL sys-
tems are not disturbed by
entering into either this
mode or the time-display
mode.

To display the time with
an update every second,
press “‘recall” followed by
“enter.” You may exit this
mode by pressing any key,
which will return the dis-
play to the previous fre-
quency.

As you can see, the com-
bination of the MC6805T2
MCU and the M(C146818
clock chip provides the ra-
dio designer with capabili-
ties that far surpass the pre-
viously acceptable meth-
ods of frequency control
The 6818 may be omitted,
but the clock feature,
stored frequencies, and the
battery backup of them will
also be deleted.

Vfo Circuit Design
The rf circuitry | used is

(VX0 FEEOBACK)

’ VCO FEEDBACK

1
KE YBOARD DISPLAY ]
y .

-

- 1

MIXER
1BMHL J

VX0

[
| MCU LOOP 12-13MH2
MCEBOST2 FILTER | vco
L J
-
CLOCK ‘
8
MEMORIES =
MC146818
N

5-6MH2

BUFFER |—e FILTER VFO OUTPUT

| I

Fig. 1(b). Block diagram of entire microprocessor-controlled

vfo.

given in Fig. 2, while the
MCU and its peripherals are
shown in Fig. 3

As the MCU’s minimum
step is 1 kHz, some method
of refinement must be in-
corporated because 1 kHz
is not adequate resolution
in the HF bands. By using
four of the 1/O lines from
the MCU for a voltage-sum-

ming network, 100-Hz step-
ping increments may be re-
alized. The output of the
summing network is used as
an “offset” voltage to shitt
the frequency of the vfo
Because the frequency will
be locked (basically to it-
self), changing the main vco
frequency would achieve
nothing. There are, how-
ever, two methods of

PARTS AVAILABILITY

The varactor diodes (D2 and D3) and most of the integrated
circuits used in this project are Motorola devices and are
available from Motorola distributors. in many parts of the
country, Hamilton-Avnet Electronics is a source for these
parts. Excluding the LCD unit, a set of ICs for this project
should cost between $45 and $70, depending on which micro-
processor you select for your version.

The MD108 double-balanced mixer is available for $12 post-
paid from ANZAC, 180 Cambridge St., Burlington MA 01803. A
good selection of coils and forms can be found at RADIOKIT,
Box 4118, Greenville NH 03048.

Parts, as well as circuit boards, are also available from Con-
version Dynamics, 2218 Old Middlefield Way, Suite N, Moun-
tain View CA 94043. Their version uses a double-sided PC
board and an LED rather than LCD frequency display. Write to

them for more details.
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changing the frequency
which would not affect the
PLL system itself: Shift the
reference frequency, or use
an auxiliary variable crystal
oscillator (vxo) and then
mix the two frequencies to-
gether.

The first method was
tried initially, but due to the
low frequency of the crys-
tal, 1 could not pull the os-
cillator far enough off fre-
quency to provide the
100-Hz shift and still have
provisions for RIT. So the
second method, of an auxil-
iary vxo, was tried. The
main vco tunes from 12.36
to 13.36 MHz and is then
mixed with 18.36 MHz from
the vxo to provide the nec-
essary 5-to-6-MHz signal.
This method of shifting
through 100-Hz steps may
seem a bit crude, but sever-
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cas
150

— 4

RIB
750

BUFFER

Fig. 2. Rf circuitry of vfo.

al commercial transceivers
use this method. In fact,
Icom’s 1C-730 uses this
method to generate 10-Hz
steps! Fig. 4, a spectrum an-
alyzer photo, shows the ac-
tual vfo output.

The 18.360-MHz vxo
crystal (Y4) was chosen be-
cause | had one; it is a
146.88-MHz transmit crys-
tal for an HT-144. Either of
two crystals may be used in
the oscillator. An 18.360-
MHz or an 18.860-MHz
crystal may be selected by
a jumper and a pullup/pull-
down resistor on pin 27 of
IC1 (see Fig. 3). The vco
must be adjusted for the
crystal you choose.

If a different frequency
range is to be covered by
the vfo, the frequency of
the vxo crystal must be
changed, and appropriate

—< vFO
out
==C30 L-c32 5-6
w000 T a70 —( MMz
b +

FILTER

modifications in the filters
should be made. From this,
it may be seen that almost
any frequency may be gen-
erated from the vfo by sim-
ply changing the vxo crys-
tal

The MCU and Clock Circuit

A version of the MC6805T2
is available from Motorola
which already contains in
ROM the program neces-
sary to function as a vfo.
This part is called an
MC6805T2L2. The L2 signi-
fies a specific program
within a ceramic part, in
this case, the vfo software.
The MCU is used to gather
data from the keyboard and
execute any function which
is “called up.” The lines
used for |/O are represented
by PAO-PA7, PBO-PB7, and
PCO-PC2. Port A is used for

both the keyboard and in-
terface to the MC146818
clock chip. In this applica-
tion, the clock chip is bat-
tery-backed-up, and when
powered down draws only
300-400 microamperes
from a four-and-one-half-
volt source

The B port is used to con-
trol the four bits of the volt-
age-summing network plus
the read/write and control
lines of the clock. The C
port is used to control the
clock and data lines of the
liquid crystal display (LCD).
Only two crystals are re-
quired in this part of the
vfo—a 4.096 MHz for the
MCU, and a 4194 MHz for
the clock chip. These fre-
quencies are divided down
by their respective hosts for
internal timing.

All of the peripherals
with the exception of the
6818 are serial devices. This
means that the digital data
which goes to each part re-
quires only two lines, a data
line and a clock line. In the
MCU environment, |/O
lines are at a premium; that
is why data lines are com-
mon to all parts and only
the clock orenable lines are
separated from the rest.

The Display
The display portion of
the system wuses the

MC145000 multiplexed
LCD driver and an 8-digit
LCD, although only six
digits are used

The MC145000 requires a
total of four lines —power,
ground, clock, and data
This means that the display
may be located away from
the main PC board. This
makes for a lot easier con-
struction of the total proj-
ect! Since this is digital data
on two of the lines, use no
more than about a foot of
cable. Current consump-
tion is quite low with this
CMOS device—about 75
microamperes. As data is
shifted into the 145000,
every 8 bits will shift over
one character from left to
right. Even if only the right-
hand-most digit is to be
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The antenna specialists co. introduces the DURA-FLEX"
shock mount. It does everything a steel spring will do—while

solving two special problems.

1. It completely eliminates spring-generated RF noise

in duplex radio systems.
2. Kimproves radiation patternsand prevents antenna

damage in rough environments by drastically dampening whip

vibration.

DURA-FLEX." You have to flex it to believe it.

the antenna specialists co.

v See List of Advertisers on page 114

the antenna specialists co
a member of The Allen Group Inc.
12435 Euclid Ave., Cleveland, OH 44106 ~63

Canada: A. C. Simmonds & Sons, Ltd
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Fig. A. Using the MC145155 CMOS synthesizer. Fig. B. 6805 T2 vs. P3 differences.
Using the P3 costs. It may be entered into an MCM2716 2K by 8 EPROM for

Although designed for the MC6805T2, the vfo software was programming of the MC68705P3. Fig. C is a schematic for the
given the capability of using the MC68705P3 as a host MCU. programmer.

This MCU is identical to the T2 with the following exceptions: The MC68705P3 MCU has the capability of programming it-

* The P3 does not contain a PLL. * The P3 is an EPROM-type self. By adding only one additional part (MC140408B), the P3

part which programs itself. can read data from a 2K by 8 EPROM and program itself from
In the early stages of the design, a T2 was not available and it. Two LEDs are used, which signify that the device has been

a "simulation’” was made by using a P3 and an MC145155 1-programmed, and 2-verified.

CMOS synthesizer. If changes to the program are desired, you Because the hardware required to program the P3 is so

may use a P3 plus an MC145155 CMOS synthesizer to simu- small, even the casual amateur/hobbyist may build a pro-

late the T2, as shown in Figs. A and B. This allows you to use grammer to take advantage of the MCU's capabilities.

the same basic core of the program and add enhancements Either the T2 or the P3 with the MC145155 can be used with

that might be useful. the circuit board presented in this article. If the T2 is used, the
The actual software listing for the system is available from MC145155 is not needed and two jumper connections should

me on receipt of a large SASE plus $3.00 to cover copying be made at the MC145155 socket. See Fig. A.
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Is this new KDK FM 2030
the best 2 meter FM radio in the world?

"...best...

That's a pretty strong claim considering the
competition.

Let's look at some of the features . . .

e KDK continues the tradition of being the ultimate in VHF FM mobile
operations. We make maximum use of multiple function, multiple shaft
controls and only three sets of knobs are located on the front panel.
Still many new features have been added, such as digital RIT, reverse
button, memory channel readout number and more!

oThe new KDK 4 bit microprocessor chip is an in-house developed
software which makes all these new features possible. Plug in modules
are used for CTCSS tone and diode matrix duplexing.

eWe gave it a very heavy textured paint finish on the case and mounting
bracket that is highly resistant to scratching! No more micro-thin paint
finishes!

eModern styled front panel with dials intelligently arranged so you can
best utilize the multi-function, easy to handle controls.

o Good audio with the famous KDK audio output capability of 1.5
watts . . . you can’t blow out our audio IC!

o RF power is a good, clean no spurious signal of 25 watts on high and
5 watts (adjustable) on low.

e Frequency coverage 143.005 - 148.995 mhz. S/N better than 35 db
at 1 uv input. Better than .2 uv at 12 db SINAD. Squelch sensitivity
better than .15 uv. Bandwidth at —6db: +6khz, at —60db: +16khz.
Image ratio better than 70db. Double superhetrodyne. Transmitter uses
variable reactance frequency modulation with maximum deviation set
at *5khz.

o Nicads for memory retention built in, nothing extra to buy. Disconnect
the FM2030 from the power source and the memories remain!

acccocsee®

INTRODUCTORY PRICE!

Includes Tone Pad Microphone $ 30 ;

and all accessories. Shipping: $5.00 eastern U.S.A. $7.50 western U.S.A,

®Easy to use mobile mount with instant disconnect knobs for fast,
simple removal. DC Cable and mounting hardware, spare fuse, external
speaker plug and complete simplified instruction book includes circuit
diagrams and even complete alignment instructions! No extras to purchasz!

o Control functions: Select memories, show memory channel number,
or select memories and show frequency of channel, or dial frequencias
with two speed selectable control. Instant choice of either 5 or 100 hz
tuning steps. Band scan or frequency scan selectable.

e Frequency shown in 5 bright LED digits. LED indicator shows when
signal is received (unsquelched), LED indicator shows transmit.

eModern LED bar meter shows signal strength of received signal and
on transmit shows relative output power.

eMicrophone includes tone pad, and up and down buttons to change
dial frequency or memory channels.

® A standard microphone with up-down buttons only is availaole
separately.

e The FM 2030 is basically as easy to use as a crystal receiver with
rotary switch frequency selection for full “‘eyes-on-the-road” mabile
operation.

eAnd, in case we forgot to mention it, we retained our good point-to-

point wiring and printed circuit boards and eliminated troublesome
relays and those pesky internal plugs that can give trouble.

e Smaller case size: 55mm (2 3/16") high, 162mm (6 3/8") wide,
182mm ( 7 3/16"") deep.

NOW YOU HAVE JUST SOME OF THE FEATURES... IT'SUPTO YOU TO DECIDE!

ORDER NOW DIRECT
CALL TOLL FREE

- 800-251-4141

Write for brochure — Dealer inquiries invited!
Warranty information available from your dealer or direct
Company reserves the right to change specifications

without notice.

Exclusive USA, Central and South American Distributor

—
Mail Order - COD - Bank Covds gy

ORDER DIRECT or at your dealer!
DISTRIBUTED BY:

& KDK
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changed, all 6 digits must
be present to the 145000 (48
bits worth). Fig. 5 is a chart
which relates bits to digit
segments.

Fig. 3. MCU and peripherals.

The Real-Time Clock

The MC146818 is a new
device which not only has a
real-time clock in it, but

| 1043/

JOKHZ RES 1

MHZ

Fig. 4. Vfo output displayed on spectrum analyzer.
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also contains 50 bytes of
CMOS RAM. This makes
the device an excellent
choice, since data in the
RAM may easily be saved in
a power-down condition

The 6818 has a clock gen-
eration circuit on chip
which requires only a crys-
tal, resistor, and two small
capacitors to generate not
only the time clock source,
but also a clock signal for
the rest of the system if de-
sired. If the crystal mode is
not chosen, the 6818 may
be driven with an external
frequency of 4.195 MHz,
1.048 MHz, or 32.768 kHz.
An internal register tells the
6818 which frequency it is
on. | have found that the
6818 draws less power
when operating at the low-
est frequency —32.768 kHz

Note: A decimal point can be
added to all but the right-most
display digit by setting b3 [seg-
ment (3)] to a 1.

Fig. 5. Display codes of LCD
readout.

In fact, by using an
MC14069 inverter as a crys-
tal oscillator at 32.768 kHz,
less power is used than by
using a 4.194-MHz crystal
on the 6818! As with most
parts of this type, the faster
the clock, the more current
required.

The MC146818 may be
set up in a 12/24-hour type
mode, plus alarms which
may be set to interrupt at
any time, including every
hour, minute, or second. As
shown in Fig. 6, there are 14
registers required to set up
this data, and the entire
memory map looks like 64
RAM locations.

Although the MC146818
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e three selectivity positions
for CW (two for FSK!) using
optional filters.

® 73 MHz first IF

® 0.3 uV sensitivity

e full break in

® Curtis 8044 keyer available
as option

e front panel keyboard

e ten VFO’s

\ ® one year factory warranty
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Reception—  no gaps—no
range crystals required
Amateur Band transmission,
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Receiver, quadruple
conversion, digital PLL
synthesized circuit

e All Solid State.
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PEP on SSB, 250W DC on
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e Automatic Antenna Tuner,
Built-In.

o CW Full Break-In.

e Dual Digital VFO’s

e Eight Memory Channels.

e Dual Mode Noise Blanker
(‘““Pulse’’ or
“Woodpecker”).

%

Cw, 140W DC on FSK, and
80W DC on AM

® SSB IF Slope Tuning.
® One Year Warranty.
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My spy at the Japanese factories, Tang In Stead, is back on my good
side. If you have followed his doings, you will recall that he leaked the
info on the new Kenwood T$-840s three months ago. Well take those
three months, which is 90 days, add that to the number 840, and
presto, the Kenwood T5930s. He was RIGHT! Just premature. . .but
isn’t that what spies are for? Tang has started rumblings about the new
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Main circuit board, using the MC6805T2L2 MPU. If the al-
ternate “P3” MPU is used, then the socket with jumpers at
lower center would be replaced with an MC145155P syn-
thesizer chip. The empty socket at left is for the plug-in ca-
ble to the keypad. At upper right is a metal can containing
the double-balanced mixer.

clock chip is not designed
to have any 1/O pins, there
is one way in which a single
output bit may be ‘“con-
structed.” The SQW pinis a
software-programmable
clock output pin whose fre-
quency is a derivative of
the 6818’s clock. The inter-
nal register which controls
the frequency of the SQW
pin can not only change the
frequency of the pin, but it
may also turn it off. By set-
ting the frequency of the
SQW to some relatively
high frequency (it is not
really that important) and
providing some external fil-
tering, when the clock is on,
the output of the filter
represents a “one” condi-
tion, and when off, repre-
sents a ““zero” condition!
This provides an extra 1/O
pin.

Power Supply

To supply the MC146818
with voltage both when the
main system is off and on,
there need to be a few smarts
involved. See Fig. 7. The
trick required is to use D6 to
initially raise the 5 volts
from IC7 one diode drop
higher (.7 V), then drop the
supply voltage (Vcc) to
both MCU and 6818 by sep-
arate diodes (D4 and D7)
This ensures that both parts
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are operating at basically
the same voltage. For
battery-backup operation,
D5 is inserted from the plus
lead of the battery to pin 20
of the 6818. This isolates
the batteries from the rest
of the system and doesn’t
allow any current to flow
back into them when the
main Vcc is on. If you are
using nicads, a resistor of
appropriate value could
replace the diode to allow
charging during on time.
The value of this resistor is
of little consequence to the
6818 when the main power
is off because the current
consumption of the 6818 is
so low.

In addition to the voltage
differential, there is another
consideration regarding the
chip enable (CE) line of the
6818. When the system is
powered down (main pow-
er), the CE line of the 6818
should be brought high to
ensure that the part is dese-
lected. This is easily accom-
plished by using a transistor
(Q5 in Fig. 3)in the classical
inverter style. The base is
tied to the MCU Vcc
(through an appropriate re-
sistor), and the collector re-
sistor is tied to the 6818
Vcc. When the system is on,
the collector is low, en-
abling the 6818, but it goes

0 (o1}
4
BYTES

13 0D

14 OE
S0
8YTES
USER
RAM

63 3F

SECONDS 00 )

- O

SEC ALARM |01
2[ minutes 02 |
3| win aLarm |03
a| woums 0a \SouaRy
5| HR aLamm os |conTEnts
6| oav oF wk 06
7| oateorwo o7
8| wontH o8
9| veam 09

REGISTER A oA
REGISTER B o8B
REGISTER C oc
REGISTER O 00

3

~

&

Fig. 6. Registers of the MC146818 clock chip.
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Fig. 7. Power supply. The regulated 12 V dc which drives this
supply can often be derived from your transceiver. Other-
wise, a simple 12-V-dc, 1-A source should be constructed.

high when the system gets
turned off.

The Keyboard

Because /O lines are so
valuable, each one com-
monly is given more than
one function. Of course,
every effort has been made
to keep the number of lines
required to a minimum (by
using serial-type devices),
but there are instances
where large numbers of 1/O
pins are required. For in-
stance, the 4 X 4 keypad re-
quires eight lines just to de-
code the proper key. Yes, a
two-to-four decoder could
have been placed external
to the MCU which would
free up two additional lines,
but it also would have re-
quired an external device to
perform that function. The
system designer must make
the decision here. In this

*Sv

DATA - 4
7] ~l ‘

hso 0-9
RESET I-—z .L_J

2 6
ENABLE ———— :j—

10
i N
2 ‘
® MSD 0-9
14

Te

moics
MC14518

DUAL BCO COUNTER

DATA _ N

ALL INPUTS ARE RISING
A
EN BLE_I— EDGE TRIGGERED

RESET _ N[
Fig. 8. MHz-counter option.

case, | chose to “multiplex”
the data lines for the clock
on the same 1/O lines as
those required for the
keyboard.

The way the software
works, immediately after a
key is released, e.g., the
“enter”’ key, the data direc-
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J
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IN4DO)
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< 108 RELAY
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IN&OO!

HF UP

i
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L 10D RELAY

ol

22K

HF UP

+8v

§

Fig. Ha). This circuit provides automatic bandswitching for
the FT-707. Alternative connections may be required for the
FT-107 or other radios. Be sure to place the FT-707 band-
switch in the unused position when this hardware is con-

nected.

ADDRESS DATA
$03 $80
$07 $40
$10 $20
$14 $10
$18 $08
$21 $04
$24 $02
$28 $01
$29 $03

All other locations are $00.
$ denotes hexadecimal notation.

Fig. 9(b). This program must
be burned into the 74L.5470
PROM of bandswitching cir-
cuit.

tion registers in the MCU
are set up to talk to the
6818. Data is then trans-
ferred to the 6818’s RAM.
As soon as the data transfer
is complete, the MCU is re-
configured for inputs from
the keyboard. The actual
transfer time is so short
(=300 us) that no matter
how hard the operator tries,
he cannot hit another key
before the data transfer is
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complete. While in the
time-display mode, once
every second an interrupt is
generated. As soon as the
MCU recognizes this inter-
rupt, the MCU reads the
time from the 6818 and dis-
plays it. As soon as that
data is read, the MCU is re-
configured for a keyboard
entry. The rest of the one-
second period, the MCU is
waiting for a button to be
pushed. The amount of
time required to read the
time (< 50 us) is the only
time that depressing a key
could possibly disturb the
actual data read. But since
any key depression would
be greater than 20 ms, the
incorrect frequency would
be displayed, then immedi-
ately jump out of the time-
display mode and redisplay
the last frequency

Band and Mode Switching

For the vfo to be used
conveniently with a multi-

Lo IMH2 1-F

S-6MH2
VFO

, P
"'_* il

MWA 110

ﬁlj/ﬂ‘—* -

ZOM

Fig. 10. Block diagram of a complete single-conversion
transceiver controlled by the microprocessor vfo.

________________ -
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- MODE SWITCH IN TRANSCEIVER |
uss‘ |
Lse L
SET FOR
APPROPRIATE
+5v FREQUENCY SHIFT
100K
an
m I : | REPLACES C34
_________________________ _JinFic 3

Fig. 11. Mode switching for rigs which display actual
operating frequency (not carrier frequency).
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LN MAIN CIRCUIT BO: ﬁD_]

v CLOSE FOR o e e e e [ ——
i RIT r f il
t—/ ! |

| |
| —cm— | I e
| ! .5V
I RYI i
| R3S R36 |
| 22K 56K | Ra3
[ Y " =32 5k
1 11 FINE TUNE
|
Lm R38
! 10 RI6 8K
I (FIG 2)
|
| | ON PANEL
I
|
|
|

i
|
:
|
|
|
|

SET RIT AND FINE TUNE FOR MID POSITION
TURN ON RIT AND TUNE FOR BEAT NOTE
TURN OFF AND ADJUST R40 FOR SAME PITCH
USE AS REQUIRED

Fig. 12. Adding RIT and fine tuning to the vfo. Most of these
components mount on the main circuit board.

band transceiver, some
method must be provided
to tell the external PLL sys-

tem which MHz segment it
is on. This function is imple-
mented as follows



Whenever the frequency
is sent to the on-board syn-
thesizer, the two most sig-
nificant digits (MHz) are
sent serially to the data pin
(PCO). If operating on 5
MHz, the sequence of
events is: (1) set up the
5-6-MHz synthesizer, (2)
pulse the SQW pin of the
6818 (resets the external
counter), (3) set the clock
enable pin (allows clock
line to increment counter),
(4) send out five pulses (for
5 MHz), (5) clear the clock
enable pin, and (6) continue
with program

The circuit for a simple
decoding scheme using the
MC14518 dual-BCD count-
er is shown in Fig. 8. One
use for the outputs from the
counter is to provide auto-
matic bandswitching

References were made
earlier to bandswitching on
an FT-107 or FT-707 Fig. 9(a)
shows how it may be ac-
complished. By taking the
outputs of the binary de-
coder of Fig. 8 and running
them into a 74LS470 Pro-
grammable Read Only
Memory (PROM), certain
combinations of frequen-
cies may be turned into
levels which may drive cir-
cuitry to change bands. The
PROM must be pro-
grammed as per Fig. 9(b).
Unlike older transceivers,
the FT-107 and 707 do not
use a bandswitch which
runs the entire depth of the
rig. The actual switch is on-
ly a double-pole type which
switches relays within the
radio. By placing this switch
in an unused posttion and
adding appropriate drivers,
the remote vfo can switch
bands, too!

| originally used this vfo
with a simple home-brew
transceiver that operates
on both 80 and 20 meters,
with no external hetero-
dyne oscillator. This single-
conversion radio provides
an excellent “simple” radio,
with the T2 controlling
everything, including the
bandswitching of the filters

Fig. 10 shows a block dia-
gram of this radio.

The vfo provides the ac-
tual frequency selection,
with the display presenting
the operator with the car-
rier frequency. If you are
upgrading a standard radio
such as Heath or Collins
where there was an analog
method of readout, there
will be no problem in con-
version. But if you are
already using a digital
readout that displays not
the carrier frequency, but
the actual “talk frequen-
cy,” then an additional
modification must be made
to the system. This mod will
shift the reference oscilla-
tor by 1.5 kHz, either up or

MODE

(PC2,1,0)

000

001

010

101

110

DISPLAY VFO PURPOSE
FREQUENCY
3.0000 5.0000 INVERTED 80-20M
3.9999 519899 AUTO REV ON 20
14.0000 5.9999 MHZ NOT SENT
14.9999 5.0000 PC2 1=80
0=20
XX.0000 5.5000 FT107 MODE
XX.5000 5.0000 MHZ SENT
XX.0000 519389 INVERTED
XX.9999 5.0000 MHZ SENT
XX.0000 5.0000 NORMAL
XX.9999 5.9999 MHZ SENT
3.0000 5.9999 80-20M
319999 5.0000 AUTO REV ON 20
14.0000 5.0000 MHZ NOT SENT
14.9999 5.9999 PC21=80
0=20

Table 1. Vfo options. MCU 1/O pins PCO, PC1, and PC2 are
strapped to 1 (+5 V) or 0 (ground), depending on the vfo
mode you select.

Parts List
Component Value (Q) Quantity
R1,8,14 47 3
R2,35 22k 2
R11,16,29 100k 3
R4 5.6k 1
R6 910 il
R7,15 680 2
R9 270 1
R10 50k pot (small) 1
R12,13,15,26 15k 7

27,28,30
R17,R33 1k 2
R18 750 i
R19 68 1
R20 56 1
R21 82k 1
R22 39k 1
R23 20k 1
R24,31,39, 10k 12
44-51.3

R32 4.7k 1
R34 200k 1
R36 56k 1
R37 3.6k 1
R38 1.8k 1
R40,41,42 5k pot 3

(2 panel, 1 PCB)
R5 27k 1
R43 10 meg 1
R53 300 1
R58 2.2k 1
L1 150 uH 1
L2 1-2 uH 1

(13 turns #28 v ”

form)
L3,4 6.8 uH 2
L5,6 1.8 uH 2
B1 MD108 1

double-balanced

mixer
Y1 4.096 MHz 1
Y2 4.194 MHz 1
Y3 *2.048 MHz 1

Y4 18.36 or 18.86 MHz

RY1 Retay (RIT) 1
C1,2,7,10,11,13,43, .1 4F 17

44,14,15,16,18,26,
27,45,46,49
C3,C4 300 pF 2
C5 200 pF 1
Cé6 .47 uF 1
Cc8 65 pF 1
C9 91 pF 1
C12,20,24,28,30 1000 pF 5|
C17,19 82 pF 2
c21 10 pF 1
c22 20 pF 1
Cc23 12 pF 1
C25,31 150 pF 2
C29,32 470 pF 2
C33,47,48 1 uF 3
C34,36 10-40 var. 2
C35 50 pF 1
C37 39 pF 1
C38 A7 uF 1
C39 *10-40 pF 1
C40 SOIDE 1
C41,42 2 uF 2
C50 10 uF 1
(@) 2N5484 1
Q2,3,5,6 2N2222 4
Q4 2N3906 1
D1,456 1N914 4
D2 MV104 1
D3 MV830 1
D7.9 1N4002 2
IC10 LM358 1
IC1 *MC6805T2 or 1
68705P3
IC2 MC146818P 1
IC3 MC145000P 1
IC4 GE Display 1
IC5 MC14518P 1
IC6 *MC145155P 1
IC7 MC7805 1
1C8,9 MC78L05 2
*denotes MC68705P3 option.
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down, depending on which
sideband you are on. By
tapping off the mode
switch in the rig, the fre-
quency may be shifted au-
tomatically

Fig. 11 gives an example
of how this may be ac-
complished. In this dia
gram, a voltage divider is
switched, depending on
what mode the radio is in

Fig. 13. Main vfo PC board (foil side).

Of course, an additional
position on the switch may
be used for CW, AM, etc
This mod must be made if
using the vfo as a compan-
ion for another digital rig
which uses a 5-to-6-MHz
vfo

RIT

In almost every rig that
I've owned, receiver in

MOTOROLA

Il

-~

LTLs80Bs000RERL S u‘jg)\

cremental tuning (RIT) was
a must for operating con-
venience. This vfo provides
the user with not only a RIT
control, but also a fine-
tuning adjustment for sta-
tions between the 100-Hz
resolution of the vfo. The
foil pattern for all RIT com-
ponents with the exception
of the panel controls is on
the PC board, including the

tefostiee

~
//

/
4

\

Fig. 14. Display PC board (foil side)
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relay used to switch it in
and out. Fig. 12 illustrates
how the RIT is imple
mented. (Thanks to Yaesu
for their design.)

Construction and
Alignment

I recommend that the
vco be built first. This is the
most difficult portion of the
vfo, and the rest comes
easily once this is com-
pleted. After the vco is
built, check its frequency
range by turning the slug in
coil L2 it should encom-
pass the 12.36-13.36-MHz
range required. After this
has been built, build the
rest of the rf section
(18-MHz vxo and filters)
Only after you have 5 to 6
MHz coming out of the fil-
ter stage should you pro-
ceed with the digital sec-
tion. Depending on which
parts you are using (T2 or
P3), select the appropriate
jumpers and install the rest
of the parts. The 6818 fre-
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Fig. 15. Component placement, main board.

R45 THRU RSI

quency may be adjusted by
placing a counter on pin 21.
Trimmer C36 should be ad-
justed to read 4.194308
MHz. If you cannot bring it
exactly on frequency, some
adjustment of fixed capaci-
tor C37 may be required.

If you are using the P3,
the frequency of the
MC145155 may be ob-
served on pin 15 of the part.
Adjust C39 for 2.048 MHz
If using the T2, use a low-
capacitance probe on pin 5
of the MCU and adjust C34
for 4096 MHz If, upon
power-up, the unit appears
dead, it is time to borrow an
oscilloscope to do some
checking. First, check the
jumpers and power sup-
plies. Next, check to see
that the oscillators are
functioning properly.

If the unit seems to
operate properly but the
vco will not track, be sure
that the loop filter is prop-

erly built and that there is a
feedback frequency back
to the PLL. Also, check for
the obvious solder short.
Figs. 13 and 15 are the PC

layouts for the vfo and
display, respectively. Figs.
14 and 16 show component
placement.

Table 1 lists the available

1C3

R34

modes of the vfo system.
The modes are selected by
strapping !/O pins PCO, PC1,
and PC2 to either +5 V or
ground through 15k resis-

€50

TO MCU
BOARD

T

»

EYP

0K 0
CR R
I 4 |

cc¢ R
432 3

N 0

Fig. 16. Component placement, display board. Driver chip fits under display unit, on the
same side of the board. Display unit is elevated above the board by segments of high-

profile IC sockets (see photos).
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Display board. The liquid crystal display (LCD) unit plugs
into a home-brew socket composed of pieces of two 40-pin
IC sockets.

tors. In the first column of
the table, a 0 indicates the
pin is connected to ground,
while a 1 means the pin is
connected to +5 V. The
table shows the available
modes vs. the frequencies
produced. Also included
are the purposes behind
each mode. The mode is
read at reset time on PCO,
PC1, and PC2

Getting the Parts

Approximate costs of the
high-value items of the proj-
ect are:

O MC6805T2L2—9%12.00-
15.00

® M(C68705P3 —$50.00 (not
needed if the T2 is used)

® MC145155—9%7.32 (not
needed if the T2 is used)

® M(C146818 —$10.00

Display board. This view shows how the display driver IC

mounts beneath the LCD unit.

® MC145000—%12.49
@ 8-digit LCD—$26.40

The MC6805T2 contain-
ing the program used for
this project is an evaluation
part under the number
MC6805T2L2 (ceramic case)
and is available from any
Motorola distributor, as is
the MC68705P3, the alter-
native MPU

The liquid crystal display

(GE part LXD69D7R09) is
available from any GE dis-
tributor (Hamilton Avnet,
etc))

My heartiest thanks go to
Helge Granberg and Mike
Pendley, who provided me
with some necessary rf
savvy, and Ulrich Rohde,
who gave me some insights
into PLL system design.

Take it from Mainerd...

“you’ll have
best matched pair
in town!”

Matching your antenna and transmitter
requires the accuracy of our 1000-A RF
Wattmeter for serious DXing. Trimming your
antenna for the frequency you're working
ensures you'll get maximum power out and minimum
reflected power back. Get more reach with the best
matched pair in town.

You can depend on Dielectric,
THE MAINE S8OURCRE “for
R-year-warranted RF produc
quality meters, couplers
and loads.

your nearest dealer.

7 We're a Courage Center
| HANDI-HAM supporter.

3 @

...as traditional as Maine Lobster.

©1981 Dielectric Communications

Call us for more information and the name of

< New England integrity and craftsmanship

DIELECTRIC COVIMUNICATIONS

A UNIT OF GENERAL SIGNAL
Raymond, Maine 04071 UBA / 307-688-4888 | 800-341-9678 /| TWX 710-389-6890
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Organize your shack with a
CLUTTERFREE MODULAR
CONSOLE $203.35

Large, 42" Hx 57" W x 29"D
Strong groove-construction
Mar-resistant wood grain finish
Options, drawers & face plate
For ham or home computer
Visa and Master Charge

CLUTTERFREE
'MODULAR
'CONSOLES

P.O. Box 5103 Tacoma, WA 98405 \
(206) 759-1611 . g9
L ]
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»  REGAL RITY

By popular acclaim - the leader and king of radio teleprinter communications — the HAL
DS3100ASR and ST6000. When combined with the MS03100 Message Storage Option and a
hard-copy printer, you have the premier RTTY station. Discriminating operators the world-
over choose the DS3100 and ST6000 for their stations over any other equipment. The DS3100
and ST6000 have set new standards of comparison for commercial and amateur RTTY data
communications; they are representative of the high standards of quality and performance for
which HAL is known throughout the world. Put your best RTTY signal forward with the
DS3100 and ST6000!

Send and receive ASCII, Baudot and Morse code
Full length 72 character lines and 24 line screen
True “ASR” operation — pretype while receiving
50 Line pretype, on-screen transmit buffer

150 Line receive display buffer

MSO03100 adds 450 lines of MAILBOX message storage
P31 green, 12 inch display screen is built-in
Control functions are clearly marked on keytops
On-screen status indicators with real time
Upper-lower case ASCII with ALL control codes
45, 50, 57, 74, 100 baud Baudot

110, 150, 300, 600, 1200, 1800, 2400, 4800, and 9600 baud
ASCII — full or half duplex

1 to 175 wpm send and receive Morse code
Current loop or RS232 I/0 interface

ST6000 has tuning oscilloscope and loop supply
Three RTTY shifts: 170, 425, or 850 Hz

Multiple active RTTY filters and detector stages
Crystal controlled RTTY transmit tones
Printers available for hard-copy of all 3 codes

Write or call for more details. See the DS3100, MS03100, ST6000, and printers at your favorite
HAL dealer.

HAL COMMUNICATIONS CORP. 5

BOX 365
URBANA, ILLINOIS 61801 217-367-7373




offer performance and versatility E
for those who demand the ultimate! e

CONTINUOUS FREQUENCY COVERAGE — 1.5 to 30 MHz full
recelve coverage. The optional AUX7 provides O to 1.5 MHz
receive plus transmit coverage of 1.8 to 30 MHz, for future
Amateur bands. MARS, Embassy. Government or Commercial
frequencies (proper authorization required).

Full Passband Tuning (PBT) enhances use of high rejection
8-pole crystal filters.

Both 2.3 kHz ssb and 500 Hz cw crystal filters, and 9
kHz a-m selectivity are standard, plus provisions for two
additional filters. These 8-pole crystal filters in conjunction
with careful mechanical / electrical design resuit in realizable
ultimate rejection in excess of 100 dB.

The very effective NB7 Noise Blanker is now standard.

Built in lightning protection avoids damage to solid-state
components from lightning induced transients.

Mic audio available on rear panel to facilitate phone patch
connection.

State-of-the-art design combining solid-state PA,
up-conversion, high-level double balanced 1st mixer and
frequency synthesis provided a no tune-up. broadband. high
dynamic range transceiver.

o
i
il
» CONTINUOUS NO COMPROMISE O to 30 MHz '\}l
frequency coverage. ':.
Full passband tuning (PBT). '

NB7A Noise Blanker supplied as standard.

» State-of-the-Art features of the TR7A, plus added
flexibility with a low noise 10 dB rf amplifier.

Standard ultimate selectivity choices inctude the
supplied 2.3 kHz ssb and 500 Hz cw crystal filters, and
9 kHz a-m selectivity. Capability for three accessory
crystal filters plus the two supplied. inciuding 300 Hz,
1.8 kHz, 4 kHz, and 6 kHz. The 4 kHz filter, when used
with the R7A’s Synchro-Phase a-m detector, provides
a-m reception with greater frequency response within a
narrower bandwidth than conventional a-m detection,
and sideband selection to minimize interference potential.
* Front panel pushbutton control of rf preamp, a-m/ssb
detector. speaker ON/OFF switch, i-f notch filter,
reference-derived calibrator signal, three agc release
times (plus AGC OFF), integral 150 MHz frequency
counter/ digital readout for external use, and Receiver
Incremental Tuning (RIT).

The “Twins” System

* FREQUENCY FLEXIBILITY. The TR7A/R7A combination
offers the operator, particularly the DX'er or Contester, fre-
quency control agility not available in any other system. The
“Twins" offer the only system capable of no-compromise
DSR (Dual Simultaneous Receive). Most transceivers allow
some external receiver control, but the “Twins" provide
instant transfer of transmit frequency control to the R7A
VFO. The operator can listen to either or both receiver's
audlo, and instantly determine his transmitting frequency by

appropriate use of the TR7A’s RCT control (Receiver
Controlled Transmit). DSR is implemented by mixing the two
audio signals in the R7A

e ALTERNATE ANTENNA CAPABILITY. The R7A's Antenna
Power Splitter enhances the DSR feature by aliowing the use
of an additional antenna (ALTERNATE) besides the MAIN
antenna connected to the TR7A (the transmitting antenna).
All possible splits between the two antennas and the two
system receivers are possible.

Specifications, avaiiability and prices subject to change without notice or obligation.

See your Drake dealer or write
M for additional information.
.

COMING SOON: New RV75 Synthesized VFO
Compatible with TR5 and 7-Line Xcvrs/Rcvrs

* Frequency Synthesized for crystal-controiled
stability » VRTO (Variable Rate Tuning Oscillator*)
adjusts tuning rate as function of tuning speed.
® Resolution to 10 Hz » Three programmable fixed
frequencies for MARS, etc. ® Split or Transceive
operation with main transceiver PTO or RV75S

R. L. DRAKE COMPANY . 540Richard Street, Miamisburg, Ohio 45342  Phone (513) 866-2421 » Telex 288-017 * Patent pending



COMING SOON:
RV75 Synthesized VFO

ove average ! featuring the Drake “VRTO”

» Frequency Synthesized for crystai-controlied
stability « VRTO (Variable Rate Tuning Osclilator*)
adjusts tuning rate as function of tuning speed.
« Resolution to 10 Hz « Three programmable fixed
frequencies for MARS. etc. » Split or Transcelve
operation with main transceiver PTO or RV75

With the new TR5
versatility and value are spelled D-R-A-K-E...

The dynamic range of the TRS is unexcelled by any transceiver in its class. The TR5's

YNAMIC greater than O dBm third order intercept polnt (85 dB two-tone dynamic range) at 20
kHz spacing can be achieved only by the use of a passive diode-ring double balanced
o RANGE mixer. Drake was the first to bring this technology to the Amateur market with a

high-level mixer in the TR7

When you purchase a TRS, or any Drake product. you acquire a product of the latest
i production techniques, which provide reliable performance.
% RELIABLE Yet with a product as sophisticated as one of today's transceivers, after-sales
SERVICE service is a must. Ask any Drake owner. Our Customer Service Department has a
reputation second to none.

s

Drake is the only Amateur Radio manufacturer who offers a full complement of
accessories to satisfy almost every desire the HF Amateur may have. This wide

ACCESSORIES selection allows any operator to assemble a station which meets his needs, and
assures compatible interfacing and styling instead of a desk full of equipment with
a variety of styling and poor operation as a system

ILOW A'l"r Everyone wants to be heard! The accessory L75 and its 3-500Z (1200 watts PEP
input) and a decent antenna will do the trick. This rugged se!f-contained amplifier /

AMPLIFIER power supply will put the TR5 on an even footing with the best of them.

The TRS and all Drake Transceivers, are backed by the best in engineering. The TR5
= is the result of an extensive engineering effort, combining proven past techniques
|ENG|NEERING and ideas with new state of the art concepts.
- As a result, the TR5 will not be superceded by a new model every six months. It
represents a true radio communications value that will provide many years of
operating enjoyment.

| ) Features, avallability and prices subject to change without notice or obligation.
See your Drake dealer

or write for ; 540 Richard St.. Miamisburg, Ohio 45342, USA
,ﬁ%‘!."?ﬂa' information. R, L. DRAKE COMPANY , Phone:(513) 868-242; « oo 285017
S




Keith Creiner AKOQ
421 N. Pleasant Hill Bivd.
Des Moines IA 50317

In part I, | talked about
the idea of emergency
communications after a
nuclear attack and the
benefits the Amateur Ser-
vice might provide. In this
part, we’ll talk about
specific steps that each of
us can take. First, though,
let’s set the stage:

Imagine this situation for
a moment: The most incom-
petent of operators walked
into your shack and for a

PIER

SUNO 4/0 BARE COPPER’]
KEEP NUMBER OF

Al

BENDS TO MINIMUM

GROUND
ROD(s)

CONNECTOR

Surviving the
Unthinkable

— part lI: some practical ideas

fraction of an instant con-
nected your receiver's an-
tenna terminals to a high-
voltage distribution line.
The result was a 40-kv,
1,000-Amp shock to the in-
put of your receiver. There
wouldn’t be very much left
of your sensitive input cir-
cuits, to say the least.

This sounds like an im-
possible situation. | only
wish that it were truly im-
possible. But in today’s cri-

ANTENNA FEED CABLE

EARTH

Fig. 1. Recommended ground connections at tower base.
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sis-oriented world, the situ-
ation is indeed within the
realm of possibility. The
40-kV shock is what civil-de-
fense experts say would be
the result of a nuclear blast
in the vicinity of most any
piece of unshielded wire, in-
cluding telephone wires,
power lines, antennas, and
feedlines. The phenomenon
is commonly referred to as
a nuclear electromagnetic
pulse (EMP or NEMP),

This kind of pulse is so ex-
treme in amplitude that
many normal lightning pro-
tectors are useless. For ex-
ample, a typical lightning
pulse has about a 100-mi-
crosecond duration, with a
5-microsecond rise to its
peak. A high-altitude EMP
pulse can be expected to
have a 1-microsecond dura-
tion and a 10-nanosecond
rise to its peak. That’s not
enough time for many com-
mon lightning arrestors to
work.

In the following pages
we’ll talk about some of the
EMP protective measures
which should be taken on
your equipment. Without
protection, sensitive semi-
conductors would be most
likely to fail and put you
out of business when your
services may be needed
most.

But, first, why should we
even be concerned about
protection? After all, any
nuclear exchange seems to
be so outrageously incom-
petent on the part of world
leaders that it seems that it
never could happen. Unfor-
tunately, however, we’'ve
seen in the last few years
that many improbable
things such as revolutions,
hostage taking, etc., have
actually occurred.

Even though we all hope
and pray that a nuclear ex-
change does not occur, let
us not underestimate the
devastating and paralyzing
effects of such an ex-
change. Simply imagine, for
a moment, a world with
hundreds of millions of US
and Russian citizens killed
and tens of millions more
severely and untreatably
burned, near death, and
starving. Major cities, with
their sophisticated hospi-
tals, police, telephone com-
munication systems, radio
and television stations,
transportation, food dis-
tribution networks, finan-
cial centers, and manufac-
turing centers all eliminat-
ed—gone—not much us-
able left, and most likely
too radioactive to ap-
proach for many years to



come. The situation might
be reminiscent of the Cam-
bodian experience of re-
cent years, where a ruthless
and irresponsible leader-
ship evacuated the cities
and forced an entire coun-
try into an unnecessary di-
saster. Imagine that situa-
tion in your community,
among your friends—per-
haps worldwide!

However, even in the
worst of disasters, there will
be some survivors. If not us,
then our friends or rela-
tives. Perhaps our children
or grandchildren will be
among those fortunate sur-
vivors. There also will be
some amateur radio opera-
tors. Perhaps the best thing
that we can do for these
people faced with a com-
pletely unknown and hos-
tile environment is to en-
sure that they have every
possible assistance avail-
able to help them through
the crisis.

In communications, that
assistance means that in a
world where the estab-
lished public system is no
longer available, the
technical preparations of
amateur radio operators
may make the difference
between life and death for
countless hundreds of thou-
sands. It could be the final
foothold in their struggle
for survival. After all, assis-
tance during disasters is
one of our key elements,
and a justification for an
Amateur Radio Service. On-
ly amateur radio operators
can supply an organized
communication system
from almost every commu-
nity in this country. Only
amateur radio operators
can supply this system with
a substantial portion of the
surviving equipment easily
made operational after the
shock of a nuclear explo-
sion. Citizens Band equip-
ment for the most part
would be rendered totally
useless by its unprotected
reliance on semiconduc-
tors and its tendency for
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Fig. 2. Suggested use of gas gaps in an antenna balun. Note that this approach uses a thick-

wall conduit around the coax.

total disorganization even
in times when there is no
crisis.

The job of amateur radio
equipment protection is
easy once we realize that it
does not need to be diffi-
cult or complex. Most any
technical or non-technical
operator can accomplish
some EMP protection on
short notice, with a very
small outlay of money. The
objective is to safely bypass
your equipment and any in-
coming connections when
they are presented with an
EMP signal composed of 40
to 50 kV and current in the
order of 1,000 Amperes.

It is interesting to note
that much of the EMP pro-
tective equipment avail-
able today has been de-
signed since our country
stopped testing nuclear
weapons. As a result, none
of it has received the only
true test of reliability
—on-the-job testing—al-
though EMP simulators are
used

Because of the lack of
widespread testing capa-
bilities, the only really prov-
en method of protection is
also the simplest. Under
this approach, all equip-
ment to be protected
should be disconnected
from all external wires and

AT RECEIVER

PANEL PENETRATION

——————— —_—— = — -

—

-CONVENIENCE BOX

-~ DIOOE BRIDGE SERIES
450 FCC PROTECTOR,
OR EOQUIVALENT

77

I
| a w J

RF GASKET ANO BOLTEO
COVER

- SHIELOEO ENCLOSURE

Fig. 3. Coaxial tee protectors used in a receiver circuit.

AT TRANSMITTER OUTPUT OR AT ANTENNA
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- SOLID PANEL

—— L |*C— PENETRATION
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TEE L] |

FISCHER CUSTOM
COMMUNICATIONS
(FCC) GAS GAP

SERIES 250 OR
350 PROTECTOR
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L1

e

~-SHIELDED
ENCLOSURE

Fig. 4. Coaxial tee protectors shown in a transmitter circuit.

stored in a thoroughly
sealed and shielded box.
The box should have no
holes where any kind of
energy can get in and
should have a skin made of
18- to 26-gauge metal to
provide magnetic shielding
for the equipment inside.

Since the civil-defense
planners expect to have
Americans moved to a safe

location 30 to 200 miles
from their community, de-
pending on the nature of
threat to that community,
the equipment should like-
wise be moved to a location
30 to 200 miles from the
community.

Keep in mind when stor-
ing your equipment that
power supplies also should
be shielded and stored with
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Fig. 5. Suggested layout for communications room with
remote operation of equipment.
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Fig. 6. This is one recommended method of protecting a
telephone cable system against EMP transients. Note the
heavy emphasis on shielding. The numbered notes refer to
detailed construction specifications.

your equipment because
they are just as susceptible
to an EMP transient signal
as is your sensitive trans-
mitting and receiving
equipment. A publicly-re-
leased 1970 Department of
Defense publication sug-
gests that if equipment
must be used during a
threat of nuclear attack, at
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least one set of equipment
(and likely more) should be
held in reserve in the event
of any equipment failure. In
the ideal case, ham opera-
tors should have a reserve
available due to equipment
failure caused by every suc-
ceeding attack.

Good grounds are very
important to EMP protec-

Al
Al

METAL OXIDE VARISTOR

Fig. 7. This is a typical varistor installation applied to a

fluorescent lighting circuit.
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FLEXIBLE CONDUIT

———~METAL OXIDE
VARISTORS OR
EOQUIVALENT

Fig. 8. This is a suggested circuit for EMP protection of a
3-phase, 4-wire motor using metal-oxide varistors (MOVs)
connected between each hot wire and ground.
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\FLEXIBLE CONDUIT
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] == VARISTORS OR
EOUIVALENT

Fig. 9. Single-phase motor protection using MOVs between

hot wires and ground.

tion, and antennas should
be well grounded. But a
smart operator would keep
a longwire and tuner stored
as if to be used for Field
Day for, in any emergency,
the antennas can be expect-
ed to take the brunt of the
effects and may need to be
replaced in the fastest time
possible.

The Department of De-
fense publication EMP Pro-
tective Systems suggests
several approaches which
should be used if you're go-
ing to shut down for a while

in anticipation of an attack.
First, you should open the
master power switch at your
service entrance. Second,
all circuit breakers should
be opened and all critical
equipment should be turned
off or disconnected.

When the equipment and
power are to be restored, all
circuits should be checked
for arc-overs or damage be-
fore power is restored. Be
sure to disconnect tele-
phone and cable television
connections, because the
advice indicates that there



Robot extends S100
cash rebates!

The response to our $900

5 A Cash Rebate on Robot 400 Scan

. - Converters and Model 800

~Y ¢ Super Te-minals was truly

g o CC 4 ¢ impressive. More Robot SSTV
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could be a problem with
any wire coming into your
home. Since the EMP
energy in long overhead
wires can be extremely
hazardous, be sure people
stay away from these wires
during a time of possible at-
tack.

If you must have some
radio equipment operating,
dig out your old tube-type
equipment and use it.
Tubes are much less sensi-
tive to high-voltage shocks
and are more likely to re-
cover. It is felt that less
protective shielding is nec-
essary for broadcast receiv-
ers with loopstick antennas
or receivers with short an-
tennas, including two-meter
equipment. Again, how-
ever, because there are so
many unknowns, a wise op-
erator would most likely
consider any equipment in
full use to be vulnerable.

More advanced EMP pro-
tective measures which
allow more operating versa-
tility also have been pub-
lished under the name of
the Defense Civil Prepared-
ness Agency and may be
obtained from the Federal
Emergency Management
Agency in Washington, DC
(ask for publication TR-61-
B). These approaches to the
problem center around the
use of gas-gap arrestors,
metal-oxide varistors
(MOVs), coaxial tee pro-
tectors for antenna cables,
and improved grounding.
Some of their suggestions
are described here, so you
can start on your protection
right away. The approach
requires some expense and
would be used if you would
anticipate operating during
a nuclear threat.

Improved grounding of a
tower is extremely impor-
tant for supplying a low-
impedance path to ground
for EMP current. The sug-
gested way to accomplish
this is shown in Fig. 1. The
tower should be connected
to the ground rods using 4/0
wire.

An alternative is to install
20 radials about 12 to 18
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Fig. 10. Various EMP protective circuits for several typical circuits.

inches below the surface,
using Yz-inch copper tub-
ing. The approach could get
very expensive at today’s
copper prices but would
provide an undisputably
super ground for your ver-
tical. Be sure to connect the
outside of your antenna
feed cable shields to the
ground. Any control cables
going up the tower should
be shielded in threaded
conduit so there is a perfect
conductive shield all along
the line.

A particularly sensitive
part of an antenna circuit is

MOV'S 10 JOULE

a balun at the antenna feed-
point. The best way to pro-
tect a balun is to provide
“zero reaction time’” gas-
gap arrestors in parallel
with all balun capacitors
and inductors. Be sure to
have the breakdown volt-
age of the gas gap higher
than that which you would
expect under normal opera-
tions, even under unusually
high swr conditions. Gaps
can have breakdown volt-
ages ranging from 220 volts
to 30 kV and have current
ratings ranging from 3,000
Amps on up.

The amount of time that
any one gap arcs over is a
factor to be considered
when selecting the gap.
Almost any gap can sustain
a large number of low-cur-
rent arc-overs, but only a
few very-large-current arc-
overs during its life. The
specifications for each gap
should be consulted if it is
also to handle lightning-ar-
resting chores in addition to
EMP protection. Also, most
gaps capable of EMP pro-
tection are labeled as such.

The characteristic ca-
pacitance of each gap is of
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Fig. 11. Full-blown EMP protection for supplying power to communications equipment.



WATCH FOR OUR NEW PRODUCTS
COMING SOON

HAL 2304 MHz DOWN COVERTERS (FREQ RANGE 2000/2500 MH2)

2304 MODEL #1 KIT BASIC UNIT W PREAMP LESS HOUSING & FITTINGS $49 95
2304 MODEL #2 KIT (with preamp) $59 95
2304 MOODEL #3 KIT (with High Gain preamp) $69.95

MODELS 2 & 3 WITH COAX FITTINGS IN & OUT AND WITH WEATHER PROOFED DIE
CAST HOUSINGS

BASIC POWER SUPPLY $19.95
POWERSUPPLY KIT FOR ABOVE WITH CASE $24.95
FACTORY WIRED & TESTED $34.95

ANTENNAS & OTHER ACCESSORIES AVAILABLE SEND FOR MORE INFO

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR
COUNTER COMPLETE HAL-800A 7 DIGIT COUNTER WITH FREQUENCY RANGE OF
ZERO TO 600 MMz FEATURES TWO INPUTS ONE FOR LOW FREQUENCY AND ONE
FOR HIGH FREQUENCY AUTOMATIC ZERO SUPPRESSION TIME BASE IS 10 SEC OR
1 SEC GATE WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY 1 001

UTILIZES 10-MH7 CRYSTAL 5 PPM COMPLETEKIT $129
HAL-300A 7 DIGIT COUNTER (SIMILAR TO 6004) WiTH FREQUENCY RANGE OF 0-300
MH2 COMPLETE KIT $109
HAL-50A 8.DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 50 MHz OR BET
TER AUTOMATIC DECIMAL POINT ZERO SUPPRESSION UPON DEMAND FEATURES
TWO INPUTS ONE FOR LOW FREQUENCY INPUT AND ONE ON PANEL FOR USE WITH
ANY INTERNALLY MOUNTED HALTRONIX PRE SCALER FOR WHICH PROVISIONS
HAVE ALREADY BEEN MADE 10 SEC AND 1 SEC TIME GATES ACCURACY =« 001

UTILIZES 10-MHz CRYSTAL 5 PPM COMPLETE KIT $109

FREE: HAL 79 CLOCK KIT PLUS AN INLINE RF PROBE WITH PURCHASE OF ANY
FREQUENCY COUNTER

PRE-SCALER KITS

HAL 300 PRE {Pre-gnilled G 10 board and all components) $14.95
HAL 300 A/PRE (Same as above but with preamp) $24.95
HAL 600 PRE {Pre-dniled G 10 board and all components) $29.95
HAL 600 A/PRE {same as above but with preamp} $39.95

TOUCH TONE DECODER KIT
HIGHLY STABLE DECODER KiT COMES WITH 2 SIDED PLATED THRU AND SOLDER
FLOWED G-10 PC BOARD. 75675, 27402 AND ALL ELECTRONIC COMPONENTS
BOARD MEASURES 3172 x 5112 INCHES HAS 12LINESOUT ONLY$38.95
NEW— 16 LINE DELUXE DECODER $69.95

DELUXE 12-BUTTON TOUCHTONE ENCOODER KIT UTILIZING THE NEW ICM 7206 CHIP
PROVIDES BOTH VISUAL AND AUDIO INDICATIONS' COMES WITH ITS OWN TWO-
TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2%« "x3% “COMPLETE WITH
TOUCH . TONE PAD BOARD CRYSTAL CHIP AND ALL NECESSARY COMPONENTS TO
FINISH THE KIT PRICED AT $29.95

NEW — 16 LINE DELUXE ENCODER $39.95
HAL ECO—16 LINE DELUXE ENCODER INCLUDES PC BOARD ALL PARTS & CASE
$39.95
HAL ECO—12 LINE DELUXE ENCODER COMPLETE WITH PC BOARD ALL PARTS &
CASE
$29.95

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR
WBAaVVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT IN QST
MAGAZINE AND THE 1975 RADIO AMATEUR S HANDBOOK $16.95

ACCUKEYER—MEMORY OPTION KIT PROVIDES A SIMPLE, LOW COST METHOD OF
ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER IT CAN ALSO BE ATTACHED TO
ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $16.95
BUY BOTH THE MEMORY AND THE KEYER AND SAVE

COMBINED PRICE ONLY $32.00

PRE-AMPLIFIER
HAL-PA.19 WIDE BAND PRE-AMPLIFIER. 2.200 MHz BANDWIDTH (- 3dB POINTS) 1908
GAIN
FULLY ASSEMBLED AND TESTED $8.95
HAL:PA1.4 WIOE BAND PRE-AMPLIFIER, 10 MMz TO 1 4 GHz 1208 GAIN
FULLY ASSEMBLED $12.95

CLOCK KIT —HaL 79 FOUR.DIGIT SPECIAL—$7.95. OP
ERATES ON 12.VOLT AC (NOT SUPPLIED) PROVISIONS FOR DC
AND ALARM OPERATION

6-DIGIT CLOCKe12/24 HOUR

COMPLETE KIT CONSISTING OF 2 PC G 10 PRE-DRILLED PC BOARDS, 1 CLOCK CHIP. 6
FND COMM CATH READOUTS 13 TRANS 3 CAPS, 9 RESISTORS, 5 DIODES, 3 PUSH-
BUTTON SWITCHES. POWER TRANSFORMER AND INSTRUCTIONS DONT BE
FOOLED BY PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA
I PRICED AT $12.95
CLOCK CASE AVAILABLE AND WILL FIT ANY ONE OF THE ABOVE CLOCKS REGULAR
PRICE  $6 50 BUT ONY $4,50 WHEN BOUGHT WITH CLOCK
SIX-DIGIT ALARM CLOCK KIT FOR HOME CAMPER RV OR FIELD DAY USE
OPERATES ON 12.VOLT AC OR DC AND HAS ITS OWN 60-Hz TIME BASE ON THE
BOARD COMPLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE. PRE
DRILLED PC BOARDS BOARD SIZE 4~ x 3 COMPLETE WITH SPEAKER AND
SWITCHES IF OPERATED ON DC THERE IS NOTHING MORE TO BUY"

PRICED AT $16.95
*TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK
FROM 110-VOLT AC WHEN PURCHASED WITH CLOCK KIT $2.95

SHIPPING INFORMATION ORDERS OVER $25 WILL BE SHIPPED POST-PAID EXCEPT
ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON ORDERS LESS THAN
$25 PLEASE INCLUDE ADDITIONAL $2 00 FOR HANDLING AND MAILING CHARGES

SEND STAMP FOR FREE FLYER
20 DISTRIBUTOR FOR

Aluma Towers AP Products
(We have the new Hobby-Blox System)
(.‘(;a/ ‘\
:* HavLTronix

&
;T li___‘v;'_ P.O. BOX 1101
‘HAL® HAROLD C NOowilanD SOUTHGATE, MICH. 48195
22k WBZXH PHONE (313) 2851782

~See List of Advertisers on page 114

The places to buy
ARCO Solar”

Power Systems are
popping up everywhere.

For some very sound reasons. Not all solar
electric systems are created equal. ARCO
Solar products offer all the features that add
up to superior performance and increased
value. Features like design, construction,
warranty, accessories and service. Those who
know what dependable, stand-alone power
can do for their communications equipment,
know how important these features are.

And now, there are 2,500 dealers across the
United States and Canada offering ARCO
Solar power systems. For the name of the
dealer nearest you, contact one of our
regional distributors:

ARCO Solar,Inc. £
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Fig. 12. Switching diodes may be used to protect very short
wires. Use TN3653s and a 0.71-uF, 500-volt capacitor.

considerable importance in
rf circuits since the inter-
electrode capacitance be-
tween gap electrodes can
cause additional capaci-
tance to be put into the cir-
cuit along with the gas gap.
This capacitance can be on
the order of 2 to 15 pF or
more, depending on the
type of gap. The capaci-
tance can be reduced by
connecting two gaps in
series. If you use that ap-
proach, be sure to put a
1-megohm or higher resistor
(about 1 Watt) across each
gap to equalize the voltage
between gaps. Keep in
mind, too, that connecting
two gaps in series roughly
doubles their breakdown
voltage. An example of the
use of gas gaps in an anten-
na balun is shown in Fig. 2.

At the transmitter or re-
ceiver, you may use a gas
gap or tee protector as
shown in Fig. 3. The diode
shown here is a silicon type.
While this diode has a fast
reaction time, it may not be
able to sustain the needed
current, and should be pre-
ceded by a gas gap at a
point closer to the antenna.
Fig. 4 shows a gas gap con-
nected in a transmitter cir-
cuit.

If you want to go first
class and prepare the entire
shack (Fig. 5), you could be
in for a very expensive proj-
ect, which may not be nec-
essary if you can shut down
your equipment as dis-
cussed above. However, if
you wish to take that step,
the FEMA recommends
that the shack should be
completely encased in 18- to
26-gauge galvanized sheet
metal! To provide com-
plete protection, the treat-
ment includes the door and
ventilation facilities. The
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sheet metal should be fold-
ed at the seams and sol-
dered, with a strip of tinned-
metal tape covering the
seam.

Telephone landlines
should be brought into the
shack via 50 to 300 feet of
conductive conduit which
is welded to the enclosure
at the point of entry. The
lines should be terminated
in gas gaps, metal-oxide
varistors, or both. Fig. 6
shows an example. Even
your lighting system should
have MOV protection as
shown in Fig. 7.

Ac power supply lines
should have MOVs at all
critical points. FEMA
recommends that MOV rat-
ings should exceed the
stored inductive energy of
the preceding transformer
and also should exceed the
no-load transformer cur-
rent. Typical varistors have
ratings of 40 joules (some
are in the range of 10 to 200
joules) and should be in-
stalled at 40 joules per
phase of the ac line. Four
10-joule varistors connect-
ed in parallel will provide
the needed 40-joule protec-
tion. Electrical distribution
boxes and control boxes, of
course, should be thorough-
ly shielded. FEMA recom-
mends that doors and open-
ings should be fitted with rf-
shielding gaskets and con-
ductive epoxy.

Don‘t forget the ventila-
tion system, where all
motor wires and switches
should be thoroughly
shielded and protected
with MOVs. Some addition-
al circuit protection ap-
proaches may be seen in
Figs. 8 through 12.

Of particular importance
is the emergency generator
to be used. All important

*C. P. Clare Co.
3101 West Pratt Avenue
Chicago IL 60645
Dale Electronics, Inc.
Box 609
Columbus NE 68601

*Emerson and Cuming, Inc.
869 Washington Street
Canton MA 02021

*Fischer Custom
Communications
Box 581
Manhattan Beach CA 90266

General Electric Company
Electronic Comp. Sales
Operation

1 River Road
Schenectady NY 12306
General Semiconductor
Industries

2001 W. Tenth Place
Tempe AZ 85281

*Joslyn Electronics Systems
6868 Cortona Drive
Goleta CA 93017

Lectro Magnetics

6056 W. Jefferson Blvd.

Los Angeles CA 90016

E. A. Lindgren and
Associates

4515 N. Ravenswood Avenue
Chicago IL 60640

Ray Proof Corporation
Keeler Avenue

Norwalk CT 06856

*Shielding Technology, Inc.
(Division of Chomerics)
970 New Durham Road
Edison NJ 08816

Technical Wire Products

129 Dermody Street

Cranford NJ 07016
*Technit (EMI Shielding

Division)

320 North Nopal Street

Santa Barbara CA 93103

Topatron, Inc.

Box 967

Costa Mesa CA 92627

Transtector Systems

532 Monterey Pass Road

Monterey Park CA 91754

1

EMP Protection Equipment Sources

Some EMP protective devices are not easily obtained. |
have found that even a local distributor cannot aiways obtain
information about them. Following is an updated list of
sources. Those with asterisks (*) have expressed their inter-
est in selling the equipment by sending me information when |
specifically requested information about EMP protection.

Gas gaps and other
transient protectors

Gas gaps and other
transient protectors

Conductive adhesives
Rf gaskets
Rf shielding

Coaxial tee protectors

Metal-oxide varistors
(MOVs)

Gas gaps and other
transient protectors

Gas gaps and other
transient suppressors

Rf shields

Rf shields

Rf shields

Conductive adhesives

Rf gaskets and shielding

Rf gaskets and shielding

Rf gaskets and shielding

Transient suppressors

wiring should have MOV
protection. Shielded con-
ductors should be used for
best results and the shields
should be grounded. B

Acknowledgement

The basis for Figs. 1 through 6
and 8 through 11 is EMP Pro-
tective Measures, Defense Civil
Preparedness Agency, 1976.




1%—74 Repealens
FMSWWWWW
Others want the lowest pruice....

Vlou you can have

Introducing the New Low Cost Spectrum
SCR 77 Repeaters—2M, 220 & 440 MHz!

- e

L5L7 SPECTRUM COMMUNICATIONS
SCR Y7 FM REPEATER
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“.avoc com TRANEMIY

15 or 30 Wt. Xmtrs.
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Soth!
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TRANSMIY xay “~
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com cmasLy

Includes: ®0.35uV Rcvr. 8 Pole IF Filter

® Crystals — high stability .0005%

® Local Mic

® Your Call programmed into IDer

® Provision for Auto-Switchover to Btry. Pwr.

® Built-in 115/230V AC Supply; basic Panel Con-

trols, Spkr., LED Indicators

If you're looking for a new Repeater, but you real-
ly don’t need (or can’t afford) ali the features and
options on our world famous, ‘super deluxe’
SCR1000/4000, then our new economy line of
SCR77 Repeaters is ideal for you!

These new Repeaters maintain the quality of design, com-
ponents and construction which made Spectrum gear
famous. However, all of the “bells & whistles™ which you may
not need or want have been eliminated—at a large cost sav-
ings to you! The SCR77 is areal “‘workhorse™ basic machine
designed for those who want excellent, super-reliable perfor-
mance year after year — but no frills! (‘PL’, 12 Pole IF Filter,
Front End Preselector, and a 30Wt. Transmitter are the only
“buiit-in" options available; but Autopatch, Remote Con-
trol, and other equipment can be connected via the rear
panel jack.)

~

Of course, if you do want a full featured/super deluxe
repeater, with higher power and a full list of available ‘built-in’
options, then you want our SCR1000 or 4000 “Dream
Machine”. These units will continue to be available for those
who want ‘The Ultimate in Repeaters’.

SCR77 Pricing (15W1t.): 2M or 220MHz, $995.00 Amateur Net.
440MHz, $1150.00. For no ‘plug-in‘ 1D board (Export), deduct
$40.00. Call or write today for a data sheet, or to place your
order! Sold Factory Direct or through Export Sales Reps only.

10M FM RX/TX Boards, Repeaters & Remote Bases NOW )
AVAILABLE! Call or Write for Full Info.

/ St habta Espanct !

/577 .SPECTRUM COMMUNICATIONS

1055 W. Germantown Pk,S6 ® Norristown, PA 19401 @ (215) 631-1710 ® Telex: 846-211

See List of Advertisers on page 114
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118.8 2B 156.7 SA
123.03Z 162.2 5B
127.3 3A 167.9 6Z
131.8 3B 173.8 6A
136.5 4Z 179.9 6B
141.3 4A 186.2 72
146.2 4B 192.8 7A
151.4 5Z 203.5 M1

TEST-TONES: | TOUCH-TONES: BURST TONES:
600 697 1209 2150 2400
1000 770 1336 2200 2450
1500 852 1477 2250 2500

NS 941 1633 2300 2550
2805 2350




Bob Ghormley KOBV
5800 lones PI. NW
Albuquerque NM 87120

A Split Personality
for the KDK FM2015R

Asimple modification to
your KDK FM2015R
will give you the capability
toreceive on one frequency
stored in memory and
transmit on another. This
modification gives you the
newer FM2016’s capability
to operate with nonstan-
dard offsets without an
additional crystal. It re-
quires two diodes, a piece
of wire, no holes, and less
than half an hour. The rig
may easily be returned to
original configuration
whenever desired.

A different form of this
mod was described in some
Amateur-Wholesale Elec-
tronics notes concerning
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MARS-CAP modification,
so | can’t take credit for the
original idea. I'll first de-
scribe how the modifica
tion functions, then go
through a step-by-step mod-
ification procedure

The resulting front-panel
performance is as follows:
Select Mode A With the
memory-select switch at
OFF, you have simplex op-
eration on the dialed-in and
displayed frequency. Se-
lecting memory position 2
will allow you to receive on
the frequency stored there,
which is displayed as usual.
When you transmit, how-
ever, the memory internally
shifts to the frequency

stored in channel 1. This fre-
quency is displayed while
transmitting, and the dis-
play shifts back to your
channel 2 receive frequen-
cy when the mic button is
released

Channels 3 and 4 work
the same, with channel 4
functioning as the receive
channel, switching auto-
matically to the frequency
stored in channel 3 on
transmit. If either channel 1
or 3 is selected, simplex op-
eration on those channels is
the result. All that for only
two diodes!

Here’s how it works: On
transmit in the unmodified
rig, a transmit oscillator is

Photo B.

diode-switched on by +9
volts from the front panel
MODEt switch. We locate
the wire which runs to the
“A” oscillator position
(which has no crystal in-
stalled) and run switching
diodes from there to two
places

The first diode goes to
the simplex crystal position,
activating it on transmit
The second diode goes to
one of the two memory-
select lines (AQ and A1)
which select the memory
channel. In an unmodified
rig, the same memory fre-
quency is used on both re-
ceive and transmit. If you
trace out the schematic,




vyou will see that in the
original configuration when
memory position 2 is front-
panel selected, +9 volts is
routed through this mem-
ory switch to memory-
select line A1. Or, if memory
position 3 is selected, AQ
is taken high. Memory posi-
tion 1 requires both AQ
and A1 to be high, and posi-
tion 4 requires neither to
be high. If we modify things
to make AQ high on trans-
mit only, then memory po-
sition 4 on receive becomes
3 on transmit, and 2 be-
comes 1 on transmit. This
switching is done with
diodes to avoid interfering
with other functions

To perform this mod,
remove both top and bot-
tom covers from the rig
with the rig right side up,
locate the three crystals on
the transmitter board. (See
Photo A and ignore the
‘ourth crystal which | in-
stalled for another offset.)
A terminal post corre-

sponds to each crystal posi-
tion. A yellow wire is con-
nected to the first unused
crystal position, which is
the fourth one in from the
outside edge of the board.
The pencil in the photo is
touching this terminal

Note that this wire is con-
nected to the “A” MODE
switch position and is
switched to +9 volts on
transmit. Remove the wire
from this terminal post. You
will run two diodes from
this yellow wire, and you
will need to mechanically
secure this junction some-
how. | slipped a piece of
spaghetti over the terminal
and tied the wire/diodes to
it. However you do it, the
first diode is soldered from
the yellow wire to the first
crystal position’s terminal
(the one with the brown
wire). The diode points at
the brown wire (cathode to
brown wire) and will acti-
vate the simplex oscillator
on transmit

The second diode’s
anode is also soldered to
the yellow wire. At this
point, the yellow wire
should form a “flying tie
point” with the two diode
anodes. Attach the cathode
(point) of the second diode
to a length of hookup wire
Route the free end of the
wire toward the front of the
radio to the control board
and connect it to the AQ
pad. This control board is
accessible from the bottom
of the radio and is located
near the front panel See
Photo B. The pencil points
to pad AQ. The wire at-
tached to the pad is the one
| added for this mod

The AQ and A1 pads are
designated as such on the
component side of the
board and have white
brown (AQ) and white
black (A1) wires attached to
them on the component
side. This completes the
modification

IRONPOWDER and FERRITEPRODUCTS
AMIDON.
JE\MWIIA =

Fast, Reliable Service Since 1963
Small Orders Welcome
Toroidal Cores, Shielding Beads, Shielded Coil Forms

Ferrite Rods, Pot Cores, Baluns, Etc.

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607

Free ‘Tech-Data’ Fiyer

WE’'RE ROLIN ...
IN CRYSTALS!

2 Meter Crystals — 83.95 each
(10 or More — 83.50 each)

Quick Delivery

Verify that the rig will
operate now as described
earlier. This mod is totally
“safe’” in that the rig can't
be harmed by incorrect
front-panel switch settings
MODE switch positions B
and C are still available for
nonstandard offset crystals
if desired The rig’s opera-
tion in all other respects is
unaffected

The only problem | en
countered was that the
simplex transmit oscillator
didn’t function until the
yellow wire and diodes
were isolated from the
fourth oscillator terminal as
| have described. If you feel
like experimenting, leave
the yellow wire connected
and solder the diodes di-
rectly to the terminal. If it
works (if the transmitter
puts out power), then you
win. If not, then isolate the
wire/diodes as | described
Please send an SASE if you
have any questions. Il

SHEET METAL WORKERS

IOK

MULTI-

® PRESS BRAKE
® SLIP ROLL
ALL FUNCTIONS
OPERATE
SIMULTANEOUSLY

THE COMPLETE R&D SHOP
24" wide ® 257 Ibs.
20" ga. capacity miid steel or
.050/.060" Y2 hard aluminum
punches, speclal dies, stand

available as accessories

NO DISTORTION ® NO BURRS
continuous shearing
corner notching
tab notching

$58°°

plus $4.00

We Stock Crystals For: nibbling

Clegg Drake lcom
Kenwood Midland Regency
Standard Wilson Yaesu
Lafayette Tempo VHF Eng

(Custom Crystal Orders Accepted.)

Rolin Distributors
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Building for Beginners

— happiness is a hot soldering iron

Paul M. Danzer N111
2 Dawn Road
Norwalk CT 06851

have authored several

short construction ar-
ticles in the past year or two
and each time their publica-
tion was followed by a
flurry of letters asking for
help in selecting parts and
building the circuit. This
mail suggests that a number
of hams without very much
electronic construction ex-
perience would still like to
home-brew their own.

For this reason, | have
put together a set of sugges-
tions and hints which an-

82000 }\
+10%

-+ 90004 “
90200

-10%

- 10,6000
11,0009

10%

N
'1 12,0000

1

swer the most commonly
asked questions. The next
time you see a circuit or
gadget described in 73 or
elsewhere, don’t be shy—
go ahead and build it!
You'll be delighted with
the results.

Where Can | Get the Parts?

The most critical part of
building anything these
days is obtaining the parts.
Years ago, the corner radio
store carried almost any-
thing you wanted, and if
you lived in a metropolitan
area you could always go
down to “radio row” where
there was a cluster of such

== Q—\{ |oﬂon:]\

)
+ 10,4500

10,5000 «

Fig. 1. Standard resistor values. Those in boxes are standard
commercially-available resistors.
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stores. Today, your best bet
is either the mail-order ads
in the back of this magazine
or the Radio Shack chain of
stores. Radio Shack carries
a line of the most common-
ly used parts and has
stores scattered throughout
the country

The mail-order advertis-
ers in the back of this maga-
zine usually list common
parts and prices for immedi-
ate order. Most of them of-
fer catalogs, either free or
for the postage, and are
geared up to ship your
order within a day or two
after receipt. They have
been advertising for many

PINt

LARGE
NOTCH —

PIN 1~

smaLt
NOTCH

Fig. 2. IC pin locations.

years, and the acceptance
of their ads by 73 on a
continuing basis shows
that they deal fairly with
their customers.

Try to take advantage of
the “two-for” offers. Even if
you have no immediate use
for the extra parts, keep
them around and you will
probably find a use for
them in some future con-
struction project

Resistors and Capacitors

Unless the magazine arti-
cle states otherwise, use
half-Watt resistors. They
are most commonly avail-
able, and if a higher watt-
age is needed, the arti-
cle will say so. If you are
squeezed for space, quar-
ter-Watt units can be
used—again, as long as
the article says nothing to
the contrary

Don’t worry about the
seemingly oddball values
specified. Resistors general-
ly come with 20%, 10%,
and 5% tolerances. Using
10k Ohms as an example,
Fig. 1 shows the relation-
ship between the standard
values and these toleranc-
es. Today, most people use
10% values primarily be-
cause they are the most
commonly available. If the
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article does not say any-
thing else, you might stick to
10%. You can always use a
resistor with a better
tolerance (10% instead of
20%, or 5% instead of
10%). If you need 5% and
can find only 10%, buy a
handful of 10% resistors
and check them with an
ohmmeter to select one that
falls within 5% of the
value required.

Capacitors have both a
value and a voltage rating.
You can always use a cap
that has a voltage rating
higher than the amount
needed. For most capaci-
tors, you must stick to the
value needed but you can
always use the larger-than-
specified electrolytic cap
when it is used for bypass-
ing or filtering a power sup-
ply voltage. Just be careful
to wire it in with the polari-
ty shown in the schematic.

Transistors and FETs

Generally, you will have
to stick to the type
specified in the article. Sub-
stitutes can be used and
you can pick a substitute by
looking at the substitution
guide printed by a number
of suppliers and distribu-
tors. Radio Shack, GE, and
Motorola all have hobby

PN 1—[] O

TOP
VIEW

0 7 O O 99O T

) e B s B e B

lines of transistors and sub-
stitution guides where you
can look up the device you
want; the guide will give
you their substitute num-
ber. When you do substi-
tute, be careful of the con-
nections. Often a substitute
will be very close to the
original part electrically
but will have a different
mechanical package and/or
lead arrangement.

Integrated Circuits

Let’s assume that the cir-
cuit you are building uses a
very common amplifier
known as the 741. There are
perhaps twenty versions of
this amplifier, with twenty
different part numbers.
Each of the part numbers
includes the digits 741, with
the rest of the digits telling
you the temperature range
and mechanical package.
For most uses we don’t have
to be concerned about the
temperature range, but the
pin numbers for connecting
to the amplifier are very
much of interest. Compare
the pin numbers of the
amplifier as shown in the
schematic with the pin
numbers of the actual part
you buy.

Occasionally, the article
will specify an amplifier
such as the 741 and show it
as a single amplifier in an
8-pin package. You might
be able to obtain only a
dual 741 or two 741 amplifi-
ers in a 14-pin package. This
is perfectly OK; just ignore
the second amplifier.

Integrated circuits are
available most commonly

~PIN |

===

|

|
gorrom |
VIEW |
|

A

1)

:C:_

IQ§

(PRINTED CIRCUIT BOARD

\COPPER LAND

Fig. 3. Pin 1 transposition.
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in “in-line” packages having
8, 14, or 16 pins. A round
dot usually marks pin 1.
Sometimes a notch tells
you where pin 1 is, and oc-
casionally you have to cope
with a dot and two notches.
As Fig. 2 shows, the dot
takes precedence over the
notch, and if there is a
notch at both ends of the
package, the larger notch
tells you where pin 1 is.

Unlike tubes or transis-
tors, the manufacturer’s
data sheets usually picture
integrated circuits from the
top. Therefore, when you
are wiring them from the
underside, remember that
pin 1 is now on the other
side of the package as seen
from the bottom of the cir-
cuit board (Fig. 3).

Diodes

Power-supply-type di-
odes have both a current
rating and a voltage rating.
You can substitute any di-
ode which has a rating
equal to or greater than the
original numbers. Small sig-
nal diodes used as switches
usually can be substituted
for at will. Most ham cir-
cuits use a maximum of 12
volts (sometimes labeled
13.6 volts if the equipment
is for mobile use). There-
fore, if the circuit calls for a
small signal silicon diode,
almost any other silicon
diode will do. Fig. 4 shows
the most common markings
of the diode package.

Zener diodes, used in
voltage regulators, have
both a voltage rating and a
power rating. You must use
the voltage rating called
for, but you can always use
a higher-power-rated diode.

Power Supply Connections

Fig. 5 shows a simple
2-transistor amplifier. With
today’s solid-state circuits,
usually only one power-sup-
ply voltage is used and, as
shown in the figure, you
simply tie the identically-
marked points together and
connect them to the volt-
age required. If the sche-
matic does not show differ-
ently, the power-supply
return lead (in this case
the minus 9-volt lead) is
tied back to all of the
ground terminals.

Jacks

Here you can substitute
at will. Just remember that
the most commonly used
jacks have one side ex-
posed and will connect to
the chassis (ground) if they
are not insulated by wash-
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Fig. 4. Typical diode mark-
ings.
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WIRE GAUGE DIAMETER
IN INCHES

i 289

2"" 0.32

22 025

24 021

26 015

28 012

5:0 o:0|

Fig. 6. Wire sizes.

ers. If you need a two-con-
ductor jack, and one lead is
not supposed to be ground-
ed, you will either have to
mechanically insulate the
outside of the jack from
ground or get a three-con-
ductor jack where you.use
the two inner conductors
and ignore the third
{grounded) lead.

Cable

If the circuit you are
building is not used at VHF
and a piece of coax is called
for with a length of 12 inch-
es or less, the coax is being
used mainly for its shielding
capability. You can safely
ignore the impedance and
pick a piece of coax on the
basis of being able to fit it
into your box mechanically.

Wire

Unless used for high-cur-
rent leads, most solid-state
circuits use just a few milli-
amperes per stage. There-
fore, there is no reason to

CONNECT TO
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THROUGH HOLE

Fig. 7. Use of perfboard.

use wire sizes larger than
number 22 or 24. As shown
in Fig. 6, the lower the num-
ber the larger the wire diam-
eter. Pick wire which is me-
chanically convenient. Soft
plastic insulation strips very
easily and conveniently,
but if you have to solder a
number of them in close
proximity, the plastic
tends to melt and burn,
generally making a rather
unsightly mess.

Printed Circuit Boards and
Breadboards

Some construction arti-
cles provide either a PC-
board layout or a commer-
cial source for purchasing
the board. if a layout is
given, you can use the PC-
board kits sold by several
suppliers to make your
own. However, if no board
is suggested, you always
can use a breadboard-type
construction to build the
circuit. Most hams have
one or more breadboard

POSITIVE VOLTAGE SUPPLY

— ———t

of |of

TOOOEEE

o| ol

Mol

i)

i
,.
S

~~ CONNECT TO GROUND

Fig. 8. Commercially-available PC board for breadboarding.
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circuits, neatly enclosed in
a box, which have been op-
erating in their breadboard
form for many years. Even
if your construction does
not come out very neat, the
flaws will be hidden by the
enclosure you put the
circuit in.

One of the simplest con-
struction techniques uses
perforated board such as
that sold by Radio Shack,
Vector, and others. The cir-
cuit is laid out just as it ap-
pears on the schematic, and
every time a connection
must be made, a small met-
al terminal or clip is insert-
ed in a hole and the leads
soldered onto the terminal
(Fig. 7.).

Alternatively, general-
purpose PC boards also are
commercially available.
They are arranged in a fixed
pattern and, as shown by
the dotted rectangle, inte-
grated circuits plug in adja-
cent rows of holes (Fig. 8). A
bus-bar system of feeding
ground and voltage is used,
where one bus is connected

to the supply voltage and
jumpered to the IC pin
where required. Transistors
and other parts can be
mounted where conve-
nient. A second bus is used
for ground

Also commonly avail-
able are small carrier
boards which will allow you
to wire up one or two inte-
grated circuits {Fig. 9)
Other parts are jumpered
from one terminal to wher-
ever required.

Generally speaking,
sockets or molex® pins are
a good idea for mounting
integrated circuits. If you
do have a problem, you can
now unplug the IC and test
or substitute without a mas-
sive and messy unsoldering
job.

Plan It Out and Then Build

Take a careful look at
what parts are required and
make sure you can obtain
them. Plan the layout of
parts and decide what you
are going to enclose the cir-
cuit in and where the jacks,
connectors, and controls
will be located. Don’t hesi-
tate to call for help. Often
an experienced ham in the
area can offer an immedi-
ate solution to your unique
problem. But if this does
not solve the problem, you
can drop the author of the
article a note. Enclose an
SASE, and help will proba-
bly be on its way quite
quickly. @
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Fig. 9. Single-IC carrier board.
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Glenn Jacobs KC7M
Poverty Flat AZ 85925

Coping with PC Boards

—it’s not easy to be virtuous

i dmitit. You'd really

rather build it. Any
idiot can plunk down a
charge card.”

“Well, yeah .~

“Glenn, if you build it, it
will give you pride and ex-
perience, and you’ll know
how to service it yourself

“Yeah, but ”

“And it wouldn’t cost
nearly as much, and no-
body would have one just
exactly like yours.”

So, I’'m building. And my
inner voice was right about
everything it said. But there
are a few things it didn't tell
me. | found out the hard
way, and I’'m telling you so
you don’t have to “re-invent
the wheel,” like | had to.

I’'m building. But so help
me, when | see those full-
page, full-color ads and a
toll-free number and the
sign of the yellow and
orange overlapping circles,
it's hard to keep at it |
could have any equipment |
want for just a phone call
and twenty “easy’ pay:
ments. The path of virtue is
harder

Designing It

in the first place, | don't
know much about vacuum-
tube circuits and even less
about solid state. For-
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tunately, | don’t have to
The League' publishes Solid
State Design for the Radio
Amateur. It’'s a “cookbook.”
It shows three varieties of
any circuit you could
want—all pre-engineered
and tested

Redesigning It

Now, even with a
cookbook, | can make mis-
takes. In fact, it's about
even odds that | will make a
mistake in a one-device
gadget. It is far beyond me
to put forty “stages” on a
board as big as a 73 cover
and have them all work. |
decided to put each stage
on a separate board and
plug ‘em all into edge con-
nectors. That way if (when!)
| make a mistake, | won't
have to tear everything up

| mailed off? for some PC
board. It took three weeks
to get here. They didn’t

send it until my check
cleared
Whittling It

PCB is funny stuff |
couldn’t trace anything on
it. | couldn’t find any kind
of carbon paper that would
make a mark. Finally 1
rubbed yellow crayon on
the copper and was able to
trace faint lines. | cut on the

lines and peeled up the un-
wanted foil in little-bitty
strips with a point of a
knife. It took half aday. But
it worked. | got a nice little
40m CW receiver for my
trouble

Buying It

For my next project, | just
sent off for ready-made
custom boards.’ They were
nice, neat, correct, beauti-
ful, and even had the parts
placement marked. They
worked perfectly. | made a
mate for the last project
But | wanted to do these
boards myself

| sent off for ferric
chloride * This time | called
up and told ‘em my card
number and they had the
stuff delivered to my door
in about three days

Mixing It

The ferric chloride is a
black, gritty powder. |
mixed it with hot water in a
plastic jug. The water got
hotter The powder that got
on my hands turned into a
brown goo all by itself and
began to sting. | went and
washed it off. When | came
back, the grit | had spilt on
the floor had turned into a
nasty glop. That stuff ab-
sorbs water right out of the

air! | wiped it up. The fioor
is now permanently stained
several shades of brown,
black, green, and gray.

Etching It

Anyway, now | was ready
to begin Or was [? | cut out
a little piece of the high-
priced board and drew a cir-
cuitonitinink. ! laiditin a
plastic dish and poured
some of the smelly brown
juice over it. An hour later it
looked gritty. Two hours
later it was covered with a
fine black sediment |
rinsed it in the sink and
every bit of copper was
gone. The thing might still
make a banjo pick, but it
would not make a circuit

Resisting It

I cut out another piece
This time | drew my design
with a felt marker. | bap-
tized it for two hours in the
ferric chloride soup and,
behold! —a printed circuit
The remaining foil was
rough and gritty—about
half eaten up. But it would
do Now | knew for sure
what to do. Very carefully |
designed the first board. |
felt-marked it and laid it
away in the tobacco juice
In the morning there wasn’t
enough copper left on the



board to tell what it was
supposed to have been.

Next | tried crayon. | sup-
pose if crayon were the on-
ly resist in the world, we
might make a go of it, but
we wouldn’t like it. It
turned out rough and ugly
By now | wasn’t trying to
make any particular kind of
board. | just wanted to see
what would get me decent
results

Cursing It

Oh! | found a lump of
etchant | had missed be-
fore. | stepped on it bare-
foot and stained my sole
brown. | said some words
that stained my soul deep
purple. After | cleaned up
the mess, | went to bed,
disgusted

Dreaming it

Suddenly 1 sat up. | had
dozed off and dreamed |
was painting a pattern with
a tiny brush. That mimeo-
graph correction fluid! |
had a whole case of it!
Mimeograph correction
fluid corrects by drying into
a plastic film. And it comes
with a handy little brush
built right into the bottle
lid. | put on my pants and
waddled out into the dark
to my store.® There it was,
cartons and cartons of it. |
brought one in and annoint-
ed a little rectangle of cop-
per with abstract designs
and flooded it with the slop
from the jug.

In the morning | rinsed
it off and scrubbed it clean
at the kitchen sink. Beauti-
ful. My design was perfect-
ly preserved in glittering
copper

Sharing it

Finally | have found The
Way to do it. And | will
share it with you. Just send
a dollar and a double-
stamped SASE to Glenn's
Trading Post at Poverty
Flat, Arizona 85925. | will
send you a bottle of gen-u-
ine Army surplus correction
fluid complete with a nice
little applicator brush built
right into the lid. Guaran-

teed to delight you. Correct
your stencils. Paint your
nails purple. Make your
own PC boards. (Who
knows, it may even remove
warts.) This is the best stuff
since snake oil. You can
even see your pencil lines
on the foil through the
fluid.

Drilling it

By ‘n by | had the first
board ready for parts. Near-
ly ready for parts. Gotta
drill it. All my drills are too
big. | went to a dozen hard-
ware stores within a hun-
dred miles. The smallest or-
dinary drill bit is a sixteenth
of an inch. It's positively
teensy. But the components
just fell out of the holes
fven after | soldered them
The best | could do was
bend the leads over hard
after poking them through
the holes. Then they would
stay in place long enough to
be soldered. But the holes
were so large it left a quar-
ter-moon gap around each
lead. It didn’t look neat. It
didn’t look professional. If |
had wanted a ventilated
board, | would have made a
pattern of round holes on
purpose

”l need a smaller drill.”

“No. You need smaller
holes. Or, you need to be
less picky.”

“All | want is a drill half
that size.”

“There ain’t any in
eastern Arizona. You need
something else ”

“If it drills holes, ain’t it a
drill bit?”

”Not necessarily.”

My wife broke a sewing-
machine needle as | argued
with the inner voice

‘Honey, get this broken
needle out for me, will you,
please?”

Grinding It

! did. A broken-off
sewing-machine needle
looks a lot like a little-bitty
drill bit. | ground a bevel on
the notched side of it with a
whetstone and it looked a
lot more like one. | chucked

POWER-LINE

FILTE

These filters protect any sensitive electronic
equipment from power line transient damage
and radio frequency interference. Both
models offer surge suppression for
power line ‘*spikes''. RF inter-
ference is suppressed using
both inductive and
capacitive components

Ideal for computers,

test equipment. or TV

LF2— A duplex outlet, 120V, 8 amps ...$39.95

LF6— Three separately filtered duplex outlets,
120V, total fused capacity 15 amps,

power switch and indicator lamp $69.95 m ===
. . VISA® !*—.c-ul l (/) I

Add $2.50 shipping and handling per order —— Ay,

Send check with order and provide street

address for UPS shipment. Ohio residents add

the shank into my hand drill
and found it would go
through PCB like a hot knife
through butter It made a
neat round hole with the
foil pushed up around the
edge like the rim of a moon
crater. And, the hole was
too little for a resistor lead
But sewing-machine nee-
dles come in different sizes
and for a buck at the friend-
ly local notions counter, |
had an assortment of drill
blanks just the right sizes
for component leads

Concluding It

You can roll your own
printed circuit boards with-
out spending a fortune on
special supplies and equip-
ment

You can draw your pat-
tern right on the copper
with an ordinary pencil and
erase it until you get it right
You can paint directly on
the board with mimeograph
correction fluid. You can
see your pencil lines right
through the purple film.

Sales Tax. Charge card buyers may call toll-free

R.L.DRAKE COMPANY

540 Richard Street, Miamisburg, Chio 45342
INSTITUTIONAL AND DEALER INQUIRIES INVITED

1-800-543-5612

In Ohio, or for
information, call

1-513-866-2421

2

You can remove it with a
fingernail. When you are
satisfied with your pattern,
a mixture of ferric chloride
and water will etch it for
you. Plain water will clean
it up, with a little scrubbing

If you can’t get the size
of drills you need, ready-
made, you can make your
own out of sewing-machine
needles Ml

Footnoting It

1. American Radio Relay
League. Newington, Connecti-
cut 06111.

2. There are a lot of places. | got
mine from Fair Radio Sales, Box
1105, Lima, Ohio 45802.

3. Again, there are several
sources. Try Circuit Board
Specialists, Box 969, Pueblo,
Colorado 81002

4. Meshna, Box 62, East Lynn,
Massachusetts 01904. They
may be out

5. Glenn's Trading Post, Poverty
Flat, Arizona 85925.
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PARABOLIC DISH

B NO WARP, CHIP, OR DELAMINATION

B ALL-STEEL, ONE-PIECE MOUNT

B ACCURATELY MACHINED AVAILABLE

® 842" OVERALL DIAMETER
WITH MOUNTING RING

Write for quantity discount

SATELLITE
TELEVISION DAKOTA MICROWAVE
SY STE M S GOLDEN VALLEY, MN 55411

WE WILL NOT BE UNDERSOLD!!
Complete Systems, Antennas, AVAILABLE NOW

Receivers, LNA's & Accessories ‘{5‘\\' AZDEN PSC-300

CALL US TODAY! ~320 TWO-METER HANDHELD

AT

MINNEAPOLIS MN.

812-238-1456 PCS-300 HT $290.00
PCS-3000 XCVR 285.00 K D K
Remote cable 37.00

k-2
hoosier ST
l - Free shipping in U.S.A.  $265.00
electronics G e

11128 Claire Ave.

“Nation’s Largest Total Communications Distributor”

Northridge, Calif. 91326 ~ 469
P.0. BOX 3300 ¢ TERRE HAUTE, INDIANA 47803 Call: (213) 363-1216—anytime
; \ Universal Communications U
J A DIVISION OF INNOVATIVE LABS, INC.
< ) P.O. BOX 339
\f ~ ¥ ARLINGTON, TEXAS 76004-0339 C
s/

SUPERVERTER L. .........cccou..... $99.95 VARIABLE POWER SUPPLY......... $24.95

The ultimate in converter technology! Dual-stage selec- Complete kit includes all components for working unlt,

tive preamp, mixer, i.f. amplifier and no-drift crystal-con- including deluxe box and overlays.

trolled oscillator. We recommend this unit for experi-

enced kit bullders. 12v Stationary Power DISK YAGI ANTENNA............... $25.00

Supply. . .$24.95 for Superverter |. Complete kit with PVC and mounting bracket. Stronger
than loop yagi, and equal in gain.

SELECTIVE PREAMP. ... ... ... .. .. $39.95 an1oop yagh and equating

This new unit IS not tike other wideband preamps. Ex- 4-FOOT DISH ANTENNA............ $54.95

perlenced kit bullders can easily add this unit to our ex- Overall 25 dB gain. Partial assembly required. Shipped

Isting boards or to other manufacturers’ boards to im- UPS (ground) only.

prove overall performance.

2300 MHZ CONVERTERKIT.......... $35.00

Complete with PC board, parts and 10-page instruction

book.

TERMS: COD. Money Order Bank Card SEE YOU IN DALLAS
- , Money Order, Bank Cards BT
HOURS: 8:30-4:30 CDST; MON-FRI R, AND SAN DIEGO

our product may be copied, but the performance is never equalled.P.o. BOX 339, ARLINGTON

\UNIVERSAL COMMUNICATIONS  meocoss
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EARTH STATION OWNERS & DEALERS:

You’ve got terrestrial interference...
We’ve got filters!

The concrete under your new earth station isn’t hard yet, but
you've got trouble already—unwanted microwave signals are
destroying your picture. Your customer is throwing tantrums, and
you have two choices: Tear it down and eat the installation costs,

or filter it

your specific problems

e |F traps
Products include:

e specials!

Dealer.”

6743 Kinne St., East Syracuse, NY 13057

M=

VHF through 18 GHz

MGF.1200 0 2508 NF at 144 MH,
MGF 1400 (25“73) MGF-1402 ’\:"QUG"‘
141"‘ ISK275) E
g\CE BgE LOW P“‘c
uoa( GaAsFE
© LL NFsoﬂm Lum data

1801 (2 e/ 9) (150mW tnear PO at 10GH;

Microwave Modules

MITSUBISHI X BAND Hyond integrated Cr with
e t 2 M| A

FO-1010X 10 4 GHz 15mw out UER100 Flange

FOt210Y 115 : 1

FO-UP11KF Helerodyne receive!

th

468 GHz

M
Md wit Jue ~
1508 UER100 WR1

COmponenfs

NEW' RETICON RS620 digiially programmed Universal Achive Fiter
wite he type NOex

VITRAMON 7€

Microwave 1
14

VOLTRONICS a minature shuttie caps and Ml O ton cag
hutt cpP2 Pt
ET90

9

13

AMC

OPTOELECTRONICS trom MITSUBISHI and SIEMENS
MITSUBISHI M A w
$

IEMENS

< $38

IM(
MELCOR FRIGICHIPS

NI

R.D.2

ROUTE 21 HILLSDALE, NY 12529
$18-325-3911 7"

~ See List of Advertisers on page 114

MiCIOWAVE riLiex COMPANY, iNC. . 36

THE STAR VIEW 12K SYSTEM KIT CONTAINS:

*12 Foot Antenna
e Azimuth Elevation Mount
*24 Channel Receiver
©120° Low Noise Amplifier
sFeed Horn
eCables & Connectors
* No Modular Included
{May be ordered separately for $79.95}

Available through your local Craig Star View dealer ® Call or write for information ¢
Dealership inquiries welcome ¢ Price subject to change without notice.

H&R COMMUN|CAT|ONS, INC. Subsidiary of Craig Corp.

Route 3, Box.103G
Pocahontas, Arkansas 72455

We can help. Call us and we'll send you MTV/82, which tells
how to eliminate terrestrial interference on earth stations and lists a
complete line of filters designed and tested for this purpose
Created for effective use by novice and experienced earth station
operators alike, MTV/82 explains each type of interference,
describes the symptoms and recommends specific filters to solve

e microwave & IF bandpass filters

® waveguide adapters
® power dividers
® coax adapters

Call or write today and we’ll also send you FG/82, “Earth Sta-
tions & Terrestrial Interference: A Filtering Guide for the Installing

Toll Free 1-800-448-1666
NY/HI/AKI/Canada (Collect) 315-437-3953

v 86

TWX 710-541-0493

STAR VIEW MODEL 12K
s Complete System

¢ Easy to Install
* Reasonably Priced

*UPS Shippable
Weight 125 Pounds

e More than 100
Channels Accessible

Call 800-643-0102
or 501-647-2291
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/. Richard Christian W A4CVP
600 Norton Drive
Satsuma Al 36572

S. F. {Mitch) Mitchell, Jr. WA4OSR
PO Box 973
Mobile AL 36601

his is the second part of

a two-part article on the
‘Lite Receiver IV'™* In the
first installment (May, 1982,
73), we described our philos-
ophy for designing a home-
brew receiver that can be
easily duplicated. The ’Lite
Receiver IV is the culmina-
tion of that design philoso-

*'Lite Receiver IV is a trademark
of Martcomm., Inc.

'Lite Receiver IV

— the second half

phy. The receiver completes
the home-brew system
which started with our low
noise amplifier (February,
1982, 73) and easy-to-build
downconverter (March,
1982, 73).

The first ‘Lite Receiver |V
installment covered the
70-MHz bandpass filter/i-f
amplifier board and the vid-
eo demodulator board. Also
included was an intercon-
nection diagram showing
how all of the boards were
connected together. In this
installment, we describe the
audio, automatic frequency
control, and metering cir-
cuits. For ease of building,
printed circuit board layouts

viete [

nv‘ e |

Front panel of the ‘Lite Receiver IV.
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and parts lists are provided
A source is provided for
etched and drilled printed
circuit boards for those not
wishing to “roll their own.”

Dual Audio Board

The audio circuit pro-
vides for switch selection of
either 6.8-MHz or 6 2-MHz
audio subcarriers from the
satellites. The circuit shown
in Fig. 1 is designed around
Motorola MC1358 audio de-
coder ICs; however, RCA
CA3065 or National LM3065
ICs can be used as direct re-
placements. The board can
drive a small speaker and
has a front-panel audio-level
control if the speaker is used

or the audio level from the
MC1358s is sufficient to
drive most rf modulators
Complete component cost,
exclusive of the printed cir-
cuit board, should be
around $15.00

Construction

The printed circuit board
and parts overlay, Fig 2,
make construction simple
We did not use sockets for
the 1Cs; however, there is no
reason not to use them with
the relatively low rf frequen-
cies involved. The coils are
about $1.00 each from RCA
distributors.

When building, you must
decide on the options that

Top view of the ‘Lite Receiver’s dual audio board.



you want If you do not
plan to use a speaker but
need audio only to drive
your rf modulator, then the
LM386 and its associated
components can be elimi-
nated. In that case, the
front-panel level control
will not be needed, but be
sure to install the two
50k-Ohm printed circuit
board pots since they con-
trol the amount of audio
available from the MC1358s.
If the LM386 is not in-
stalled, the center pole of
S1 is connected to a rear-
panel jack for connection
to your rf modulator. If the
LM386 is installed, then the
output of the LM386 is con-
nected to the rear-panel
jack for connection to a
speaker or to your rf modu-
lator. We use the complete
circuit as shown so that a
small speaker can be used
when we carry the receiver
out to the antenna to make
adjustments

If you decide that you
want the speaker drive capa-
bility, replace the two
50k-Ohm PC board pots
with 10k-Ohm, quarter-Watt
resistors. The 10k-Ohm resis-
tors provide fixed attenua-
tion of the audio level from
the MC1358s. The front-pan-
el contro!l is then used for
audio level for both the
LM386 and your rf modula-
tor

Note that picofarad-size
capacitors are silver mica,
with all other capacitors ce-
ramic or electrolytic

Tune-Up Procedure

For tune-up, it is neces-
sary to have a signal genera-
tor or use a signal off the air
It your signal generator has
modulation capability, en-
able the modulation and
tune the output of the gen-
erator for 6.2 MHz. Tune L1
for maximum audio level
and L2 for best audio (which
probably won’t be very
good because most signal-
generator modulation is
AM). If the signal generator
is CW only, then tune both
L1 and L2 for maximum
quieting. If the L M386 was

omitted, adjust the 50k-
Ohm pot for correct modu-
lation level for your rf
modulator

To tune the 6.8-MHz cir-
cuit, simply repeat the
above procedure with the
signal generator set for 6.8
MHz and tune L3 and L4 as
described.

Off-the-air tune-up can be
performed using the same
procedure as above How-
ever, video will have to be
detected by the video de-
modulator board since the
audio is a subcarrier riding
on the video signal. If the
signal-generator tune-up
method is used, it still will
be necessary to fine-tune
once you have a signal off
the air. Simply adjust for
best audio quality

If the LM386 and a speak-
er are used all the time, be
sure to heat-sink the voltage
regulator and the LM386.
This completes the audio
section of the receiver

Afc/Metering Board

The afc/metering board
gives afc control for the mix-

FROM VIDEO
DEMODULATOR
BOARD

PRINTED CIRCUIT BOARDS
Printed circuit boards are available from Martcomm, Inc., PO
Box 74, Mobile AL 36601. The dual audio board is $12.00 and
the afc/metering board is $15.00. Add $1.75 per order for first
class postage.

DUAL AUDIO BOARD
Parts List

2 MC1358 ICs. See text.
1 LM386 IC
1 7812 voltage regulator
2 50k-Ohm PC board mount pots. See text.
1 10k-Ohm pot, panel mount. See text.
1 10-Ohm, Ya-Watt
2 220-Ohm, Va-Watt
2 10k-Ohm, Ya-Watt. See text.
2 4-pF silver mica
2 12-pF silver mica
2 27-pF silver mica
2 33-pF silver mica
7 .01-uF disc ceramic
4 .047- or .05-uF disc ceramic
1 .05-uF disc ceramic
3 1-uF electrolytic
1 10-uF electrolytic
1 100-uF electrolytic
1 SPDT switch, panel mount
2 coils, L1 and L3, transformer-sound/i-f, stock number
130120, from RCA PM200 sound board.
2 coils, L2 and L4, coil-discriminator, stock number 130121,
from RCA PM200 sound board.
1 printed circuit board, single-sided, G-10, available from
Martcomm, Inc., PO Box 74, Mobile AL 36601.

6 8MH1 6 2MHs

_<|> N
» ! FRONT PANEL T0 RF

l 37- MODULATOR IF
S

" LM 386 NOT USED.
SEE TEXT
L k|)_,l
3208 !
Al |

100,F  AUDIO OUT TO
292 SPEAKER
————— (4-160) OR
10 RF
05 ,lmoouuvon

on

e 12y l -18VvDC
QFROM

It P

BOARD

Fig. 1. Dual frequency audio demodulator and amplifier schematic. *See text. All pF capaci-
tors are silver mica. All others are disc ceramic or electrolytic.
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Fig. 2. PC board and parts layout for the dual audio board.

AFC/METERING BOARD
Parts List
1 LM324 IC
1 1k-Ohm PC board pot
2 5k-Ohm PC board pots
1 5k-Ohm panel mount pot
1 10k-Ohm PC board pot
2 1k-Ohm, Ya-Watt
2 2.2k-Ohm, Ya-Watt
6 10k-Ohm Ya-Watt
11 megohm, Ya-Watt
3 .01-uF disc ceramic
1 .022-uF disc ceramic
2 1-uF electrolytic
1 47-uF electrolytic
2 1N270 germanium diodes
1 0-1-mA meter
2 SPDT switches
1 printed circuit board, single-sided, G-10, available from
Martcomm, Inc.. PO Box 74, Mobile AL 36601
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er local oscillator (vto) and
provides drive for a relative
signal-strength meter

The signal-strength meter
is not a necessity for the re-
ceiver. Still, meters seem to
impress people and we are
no exception. It does serve a
very useful purpose, how-
ever. The meter comes In
handy for adjusting your
LNA and antenna, and it
gives a relative indication of
signal to noise for your com-
plete system

As can be seen from the
schematic in Fig. 3, there are
four op amps used on the
board We needed three for

?
-4 3 5K FRONT PANEL
—>——% JUNE
_R3
‘HK
¢ Jzero
7 o 10 VIO ON
—{ > DOWNCONVERTER
17 80ARD
F
4
; im324 |
IN270 5y
P9 * ]

Fig. 3. Afc/metering board schematic.
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the afc circuitry, so one was
left over. We decided to put
it to use to drive the meter
The 70-MHz output from
the i-f filter amp is picked
off through a coaxial tee
coupled with a .01-uF capac-
itor. The rf is then fed to a
voltage doubler composed
of two TN270 germanium di-
odes. The dc from the volt-
age doubler goes to an op
amp connected as a non-in-
verting buffer. The op amp
drives a 0-1-mA relative sig-
nal-strength meter

Afc Circuit

The automatic frequency
control (afc), like the meter-
ing circuit, is not an absolute
necessity. But it sure is nice
to have it lock the vtoonto a
transponder, as the vto does
drift in frequency due to am-
bient temperature fluctua-
tions

It was decided to provide
for afc with normal or in-
verted video. There is not
much inverted video on the
satellites, but occasionally
you do run across an “up-
side-down’’ transponder
Also, on a single-conversion
system such as ours, it is
possible to tune in the image
of a transponder. But if the
video switch is in the
“NORM"” video position, the
afc will “push” the image
signal away instead of lock-
ing onto it

Refer to the schematic in
Fig. 3. At the afc sample



The ‘Lite Receiver’s afc/metering board.

point, AFC-2, we are not de-
tecting a peak or a null, but
instead a dc level which is
compared to a reference sig-
nal at pin 3 of the LM324
quad op amp. The first op
amp in the chain is wired as
a non-inverting voltage com-
parator. Its output is
summed with the transpon-
der tuning pot voltage to
supply the tuning voltage
for the vto in the downcon-
verter (mixer). A span pot,
R2, and a zero pot, R3, are
provided to calibrate the
transponder tuning pot,
since vtos have different
voltage-to-frequency ratios.

The third op amp is used
as an inverting buffer for in-
verted video. As can be seen
on the schematic, the video
normal/reverse switch is a
double-pole, double-throw
switch. This switch reverses
the afc action when you
switch from normal to in-
verted video. Also, provision
was made to turn the afc off
but not change the tran-
sponder tuning pot calibra-
tion. R4 sets the afc refer-
ence level the same as the
afc voltage of a properly
tuned transponder when
the afc is switched off.

Construction

A printed circuit board
layout and parts overlay are
shown in Fig. 4. There is
nothing critical about the
construction of this board.
Just use good soldering
technique and keep com-
ponents flat against the
printed circuit board. Use an

IC socket for the LM324
since tune-up of the board is
done before the LM324 is in-
stalled. Do not connect the
tuning pot wiper to point
“W’ on the PC board yet.

Tune-Up

Connect the tuning-pot
wiper to the vto at this time.
Connect the AFC-1 and
AFC-2 points to the video
demodulator board. Con-
nect to the +15 volts regu-
lated and dc ground return
on the video demodulator

TO S|

+15V
FROM VIDEO
DEMOD BOARD —

|)lFt+ +.0|

Bottom view of the dual audio board.

board. Set the video switch
to “NORM” and the afc
switch to “ON.”

With the LM324 un-
plugged, test for +15 volts
at pin 4 of the LM324 socket.
Tune in a transponder and
measure the voltage at pin 2
of the LM324 socket. Move
the meter probe to pin 3 on
the socket. Then, using R1,
set the pin 3 voltage to
equal the pin 2 voltage. Now

.L’
2.2uF
/ TO S2-A
70 vTo =

switch the afc switch to the
“OFF" position. With the afc
switched “OFF,” set the pin
2 voltage with R4 to the
same voltage as with the afc
switch “ON.” Now, remove
power and plug or solder in
the LM324. Connect the
tuning-pot wiper to point
"W on the afc board, and
connect the afc board out-
put (marked vto) to the vto
Be sure to use coax or well-

—— FROM AFC SWITCH

’_—¢
- B N0

" METER
1K 0
—AN—

—3F°
= er002

oL
T ————FRom
70MHz AMP

FROM
AFC #1

Fig. 4. PC board and parts layout for the afcmetering board.
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AVANTEK GPD SERIES AMPLIFIERS
(GPO 401 402 403) $25.00 EA.
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MICROWAVE DOWNCONVERTER

SP_ECIAL $179.95

CL

[
TUNES

CALL (804) 489-2156
ELECTRONIC HOBBY INNOVATIONS

447

7510 GRANBY STREET SUITE 207 NORFOLK , VIRGINIA 23505

shielded cable to connect
the output of the afc board
to the vto. (Usually, the vto
will be remotely mounted in
the downconverter, located
at antenna.) The afc board
output is controlling the
voltage-controlled oscilla-
tor in the mixer, so any stray
signal or noise spikes picked
up by the cable will result in
the vto being “modulated”
and will cause it to change
frequency with very undesir
able effects on the picture
With the afc switch “ON”
and the video switch set to
“"NORM,” the tuning pot will
act like a channel switch. As
the tuning pot is rotated, the
afc will try to hang onto a
transponder as long as possi
ble; then, it will “jump” to
the next transponder. Be-
cause of the “jump,” the ef
tect 15 to “switch” transpon
ders! Finally, adjust the zero
pot, R3, to set transponder
#1 close to full counter
clockwise position of the
tuning pot Adjust the span
pot, R2, to set transponder

#24 close to the full clock-
wise position of the tuning
pot

Now, with a 0-1-mA meter
connected to the meter out-
put, tune in a transponder
and impress people

Rf Modulator

We have not described
the rf modulators that we
have tried since we just
haven't found a circuit that
we are happy with. At pres-
ent, we are using the rf mod-
ulator in our RCA video tape
players. The rf modulator
therefore costs only four
times what the complete
‘Lite Receiver IV costs!

Correspondence

Because of the complexi-
ty of the 'Lite Receiver IV,
we may not have answered
all your questions. We'll be
glad to try to answer any
guestions that you might
have if you include a self-ad-
dressed stamped envelope
and are patient in awaiting a
reply @

18K 39K 82K 10K 100K $.60
2300 MHZ QUALITY KITS THAT PERFORM ! [ GaAsFETS
UCC-1  DOWNCONVERTER  KIT $35 00 P T $19
Includes quality PC buard. NE02137 atched diodes. n ed y
Is PC b ns. .14 1gid a o J DERIR $14 00
UCC:2 DOWNCONVERTER  KIT $42.00 o ; DAXONCO ;
The UCC 1 with NE64535 high gain RF transist N e 1
SMC1 DELUXE DOWN CONVERTER KiT $43.00 M MOUN N $61
T 1 kit with ex erma w 1 r 10UN 0 N 8
temp solder. F61 and F v g x 3 MOUN N 552
nany 1yf nds 4 Vi j " 6
sal ¢ ] $3
SMC2 DELUXE DOWNCONVERTER KIT $50.00 N MOUN N 3
The SM( vith NE64535 high gal ansislo x M (SJ
RFA1  2STAGE  SELECTIVE  PREAMP $39.95 N 4 515
pSigr ap w w ’ b N MOUN N $14 00
16 db net ga
TU8 DELUXE POWER  SUPPLY  KIT $39.95 LAt L 0ppohBrd sy Bronzey MCKEIETin I Pewtes
Q (oF: g MIL spec. pot Comg th 2 ft ot SHitcimetaialiys $36.00
& power sup 52 L e
MIN NE Mw
ANT-4  DISK  YAGI ANTENNA  KIT $30.00 NING v V Vic +15 VOC @ 60 MA  $98
3 y{ h weatt 1sing. Now ) ! AML A5 v 0 36GHZ T4 2GHZ  $98
ble ad ] UIT ROARD DRL SIDED 1 @
WE PAY ALL SHIPPING CHARGES RO, 309% 5% 315 o]
SEND SASE FOR CATALOG * 0312 $650
DISCOUNTS ON ORDERS OVER $100. e

SMP

Superior Microwave Products, Inc.

P.O. Box 1241
Vienna, Virginia 22180

56 73 Magazine * June, 1982

ORDERS ONLY
800-368-3028

470

v 376

Information & Orders
From VA. & Wash. Metro i OP

Area Call 703-255-2918

X 3 + 50 0625 $1
FEEO-THRU CAPACITOR

OLDER TYPE S‘;O
SULULR

W

1000 PF

NO WARRANTEE ON SEMICONDUCTORS
2 D BP




WAVE TELEVISION
PTION TELEVISION

sk ok ok ok sk ok ok K ok ok %k K ok K
TELEVISION
MANUAL

ante ; ¢ d“'v;/”:. verter
detatled schematics and P C board layout
SUBSCRIPTION TELEVISION
EDUCATION MANUAL $14
Iwo ampling
explored 2pth $ al capture anc dif
t tech e pre
Y

AMATEUR MCROWAVE
RECEIVER SS EM

$16.25

W3V

$169.95
iy pertorr

thal you ve ',;t won 1
ewer has 4 new de and increased 0«
INFORMATION PACKAGE ON ALL
VIDEO PRODUCTS AND KITS $2.00
ORDER INFORMATION:

viSa MASTERCARD

114

PO Box 26601 h
94126 6601

***x**********************

SATELLITE TVRO

RECEIVER COOKBOOK

Build a good, solid understanding
of satellite receiver technology
Step by step guide of each stage
Complete theory, schematics, and
construction details

TVRO RECEIVER KIT

Pre-assembled, tested RF section
No complex alignment or special
test gear required

Ultra-low cost/high performance
Designed from cookbook circuits

-

$9.95
$159.95

Cookbook
Cookbook plus Kit

Send to

NORTH COAST MICROWAVE

PO Box 5663, Cleve., Ohio 44101 107

Your own satellite

TV system for $2,586.% %
10 FT. PARABOLIC

What the system will do:

You can receive up to 60 channels of T.V. direct from
satellites to your home receiver. Movies, sporting events,
religious programs, other T.V. stations, and much more
What the system includes:

1. 10 fr. fiberglass dish made of reflective metal bond
with fiberglass. Weather-resistant and virtually mainten-
ance-tree. Dish comes in 4 sections.

2. Single pedestal heavy dutv polar mount tor extra
strength and installation simplicity: easy satellite to sat-
ellite adjustment

3. Four pole rotator mount for more stability, square
tube legs and rotator included

4. All aluminum LNA mount and horn holder for accu-
rate aiming of LNA. All aluminum, weather-proot LNA
cover

5. Drake ESR-24 Receiver or Auto-Tech Recéiver
Your choice. Down converter located at the dish

6. Amplica or Avantek LNA 120

7. Chapparel Feed Horn for unsurpassed guality

8. All accessories included. 13 FT.
Complete Systems, Receivers, PARABOLIC
Antennas, LNA's & Accessories ALSO DISHES

CALL US TODAY! 901-795-4504
TENNESSEE ELECTRONICS

———P.O. BOX 181108——— [
MEMPHIS, TENNESSEE 38118 m

The Luly ANTENNA
and POLARIZER

+ Completely portable Antenna, comes fully assembled (folds like
an unbrella and is not a kit).

+ The Polarizer is an electronic rotator, which

Dual Stage Microwave Preamplifier

Install the Ampire 2001 in your micro-
wave receiving system to improve the
noise figure and system gain

2.0 to 2.6 GHz band

» a4

® 3.5dB noise figure g v

e 22 dB gain

e 12 to 18 vdc XNEWX

¢ 30 ma current 4

e Zener regulated rv

e Diode protected

e Interface cables included

e 90 day warranty

e Fully assembled, NOT a kit!
Ampire 2001 129
Ampire 2001N *149°
Shipping: USA .. *2°° Foreign .. .*10%

TEM Microwave Corp

MotieCard

can change polarities with a flick of a
switch (no moving parts). Eliminates weight,
twisting cables, freeze

ups, and down time.

For More Information
53 Write To:

LULY TELECOMMUNICATIONS CORP.

P.O. Box 2311, San Bernardino, Calitornia 92406

22518 - 97th Avenue No
— Corcoran, MN 55374 Deal nd(D”!t"b) [8818 7523”
612-498-8014 135 ealer a IStributor inquines vveicome
« See List of Advertisers on page 114

73 Magazine  June, 1982 57



J. Richard Christian WA4CVP
600 Norton Drive
Satsuma AL 36572

S. k. (Mitch) Mitchell, Jr. WA40OSR
PO Box 973
Mobile AL 36601

TVRO Transducer

— waveguide-to-coax transition

Trans-duc-er (trans-doo’-
sar) n. Any device
through which the energy
of one power system may
be transmitted to another

Now that

system, whether
same or a different type.

dictionary definition of a

of the transducer, let’s look at the
satellite TV definition: the
gizmo that hooks the anten-
na horn to your LNA.

Simply stated, the trans-

you know the
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AT LOCATION SHOWN

Fig. 1. Parts dimensions
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MAKE TAB TO FIT AND SOLDER TO
CENTER CONDJUCTOR OF TYPE °N°
CONNECTOR

and bending instructions.

ducer is a section of wave-
guide 3/4 of a wavelength
deep with the back closed
The waveguide is a trans-
mission line and has a ve-
locity factor different from
that of free space. A signal-
pickup probe is installed 1/4
wavelength from the back
(closed end) and 1/4 wave-
length from one side of the
box. The 1/4-wavelength
spacing ensures that any
4-GHz energy that gets past
the probe and is reflected
from the back of the box to
the back side of the probe
will be in phase with the sig-
nal arriving “head on,”
since 1/4 wavelength from
the probe to the back of the
box plus 1/4 wavelength
from the back of the box
back to the probe equals
1/2 wavelength. The 1/2-
wavelength spacing mini-
mizes phase distortion and
signal cancellation

Two Methods

Our transducer can be
built in one of two ways. If
you are lucky and can find
some 4-GHz copper wave-
guide, most of the work is
already done for you. Just
cut off a 2.5” section of the
waveguide. Take a scrap
piece of waveguide and cut
a piece to fit the back of the
2.5” piece. Solder the two
pieces to form a box with
one end open. Make sure



that no solder gets inside
the box. Using the instruc-
tions below, prepare and in-
stall the 1”-square piece,
the probe, and the coax
connector. This waveguide
method was used to build
the transducer in the photo.

If you are not lucky
enough to have a friend
with a source of waveguide,
vou will have to "bend”
your own. The material
needed is .040” brass shim
stock or sheet flashing cop-
per. Most large sheet-metal
shops have smaii scraps of
such material that can be
purchased at a very reason-
able price.

Cut the 7.3"X1.15"
piece of material and bend
it to a U shape as shown in
Fig. 1. Cut two pieces 2.8”
X 2.8”. (You probably can
get the sheet-metal shop to
cut the material with their
shear for good clean edges.)
Bend the edges of the two
pieces 90 degrees as shown
in Fig. 1.

Drill one 2.8"XxX28"
piece as shown. This piece
will be the bottom of the
box, so that looking into the
front of the box, the probe
hole will be in the bottom
on the right-hand side. The
photo shows how the probe
is offset.

Thoroughly clean all

3 34"

pieces in preparation for
soldering. Assemble the
three pieces to form the
box, and clamp or wire
them together. If necessary,
slightly bend the U-shaped
piece outward to ensure a
tight fit when the top and
bottom pieces are installed
With a large soldering iron
or small propane torch, sol-
der all seams. Be sure that
no solder gets inside the
box. If any solder gets in-
side, clean it out; you want
a very smooth surface in-
side the box to minimize in-
terference with the signal
energy.

Installing the Probe

The 1”-square connector
spacer (see drawing) must
be made from 1/8” brass or
copper. Drill a 1/2-inch hole
in the center of the 1”
piece. Then, using the type
N chassis-connector mount-
ing holes as a guide, drill
and tap the piece for 4-40
screws. Sweat-solder the
1”-square plate centered
over the 5/16” hole in the
bottom of the box (now,
transducer!). Cut the pickup
probe from .040” brass or
copper scrap to the dimen-
sions shown in the drawing.
Solder the probe to the
center connector of the
type N connector. The dis-
tance from the connector
flange to the end of the
probe is 13/16".

i N

2 3/4°

115"

Fig. 2. WR-229 waveguide flange dimensions. Flanges may
be purchased or made from sheet brass or copper 1/16”
thick or heavier. While not absolutely necessary, some
method must be used to mate the transducer to the horn.
Solder the flange flush with the transducer.

End view of a transducer made from copper waveguide.
Note the clean, smooth interior.

Now install the connec-
tor to the waveguide, using
4-40 screws, making sure
that the flat side of the
probe is toward the front of
the waveguide.

Connecting to the Horn

After constructing your
transducer by the easy or
hard method, you still have
to mechanically connect it
to your antenna horn. This
is where a WR-229 wave-
guide flange comes in real
handy. If you don’t have ac-
cess to a WR-229, you can
make one from 1/8” brass or
copper. Mild steel also
could be used, but is more
difficult to solder. Refer to
Fig. 2 for the dimensions if
you have to make your own.

Solder the flange flush to
the front of the transducer.

Sand or file off any excess
solder for a smooth transi-
tion from the flange to the
transducer. Drill mating
holes in the flange to mate
with the flange on your
horn. We use .141" hardline
coax from the transducer to
the LNA. This small coax
can be bent easily so that
the LNA can be installed di-
rectly behind the transduc-
er.

Final Comment

We have heard of several
people building horns and
transducers from double-
sided printed circuit board.
We have gone the PC-board
route, but with very poor re-
sults. Stick with the sheet
copper or brass and you
should get good results
with a minimum of trouble.
Good transducing'@

Fig. 3. Three-D drawing of the transducer.
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Stephen Cibson
PO Box 38386
Hollywood CA 90038

The MTV Music Box

— Satellite Central, part VII

Part of the fun of TVRO
experimenting is search-
ing for new signals. While
video is an easy mark, the
real gold is sometimes hard-
er to find, especially since
new services keep popping
up. The “video records” are
a good example. Slide by
transponder 11 on Satcom 3
(131 degrees west), and
you'll find Music Television
(MTV), a cable service from
Warner Amex.

You may wonder why you
are seeing rock groups blast-
ing their brains out in near si-
lence. It’s because the audio
portion of MTV is not on
your typical TVRO receiver
outputs of 6.8 or 6.2 MHz
Instead, different subcarrier
frequencies were picked. Se-
curity? Perhaps

Rock and roll music may
not be your cup of tea, but
the MTV delivery technique
may become popular and
worthy of more investiga-
tion since it is sent in stereo.
And more important, you
can experiment with a neat
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trick that mighty Warner
never thought of!

Stereo Trickery

Just having two sound de-
tectors to get stereo isn’t
enough. You need a decod-
er, too. Don’t bother with a
stereo FM-decoder setup
because it won’t work. MTV
combines both channels,
L+ R, on one subcarrier and
sends the difference be-
tween the channels, L —R,

on the other subcarrier.

You can hear the sum
channel on a 6.62-MHz sub-
carrier and the difference on
5.8 MHz. All you need to do
is a little addition and sub-
traction with the electron-
ics, and voila. . .they sepa-
rate into left and right! If
you add the L +R signal to
the L —R signal, the + R and
the —R cancel, leaving just
L, or 2L, if you want to be
technical about it

i A
Photo A. Front view of the Music Box.

Likewise, if you subtract
L+R from L—R, you get
just 2R. The secret to all the
addition and subtraction is a
“matrix,” which is a short
and fancy way of saying two
op amps from Radio Shack

Before you rip the top off
your receiver and start
tweaking, you should con-
sider an option. Why not
build two more sound sec-
tions plus whatever else is
necessary in a separate box,
sparing your receiver? Don’t
worry if you are a Novice or
your last project was an old
tube-type Selecto-jet. I've
found an easy way for you
to build this gadget.

Simple Circuit Details

The unit connects to your
TVRO receiver at the same
place your internal sound
subcarrier-detector circuits
tap off. Referring to Fig. 1,
the detected composite vid-
eo with audio subcarriers is
coupled to two separate
subcarrier sound detectors.
One detector is tuned to



6.62 MHz and will give you
an L +R output. The other
detector is tuned to 5.8 MHz
and delivers an L — R output
Each detector output feeds
two op amps. | used a TLO84
because it is cheap (avail-
able at Radio Shack) and
works rather well. You get
four amplifiers in a single
chip. That sure beats the
6SN7 that some of you may
remember.

A portion of the L +R de-
tector output feeds the in-
verting input of the top op
amp in the diagram. The
L — R detector output feeds
the non-inverting input. As
in typical op amp fashion,
its output is just the differ-
ence between the two in-
puts. So much for the sub-
traction part of the matrix.
Addition is performed in the
bottom op amp by summing
the L+ R and L — R detector
outputs into the inverting in-
put. l!solation is superb in
this configuration because
the inverting input is driven
towards ground.

An Evening Project

The subcarrier-decoder
circuits in May’s edition of
“Satellite Central” will work
very well. You can make a
PC board for two detectors
or use perf-type vector-
board and hand-wire the cir-
cuit in record time. Or you
can even buy some dual-
sound-section subcarrier PC
boards from one of the 73
advertisers and just stuff 'n
solder.

But if you are in a rush
(and who isn’t, nowadays) or
if you are just learning
about electronics, | suggest
you take the lazy way and
simply buy two RCA XL-100
sound-section modules like
those described last month
Servicemen call them
PM-200s. These httle mod-
ules are complete TV-set
sound sections and simply
plug into the popular
XL-100. Of course, they are
tuned to 45 MHz (TV
sound), but we can tweak
them to the frequencies we
want. In fact, we can modify
them so that we get pretty
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Fig. 1. Two PM-200 subcarrier detectors and a TLO84 op amp are all you need to hear MTV sat-

ellite stereo.

hi-fi, too. Get two RCA
MAAOO1As from a local
RCA distributor. They run
about 15 bucks each. You
may be socked with a $3.00
dud charge

Modification of the PM-
200/MAAOOTA modules is
very easy. We simply reduce
the values of two capacitors
so that we can tune higher
than 4.5 MHz and then add
two more capacitors to get
better sound. Referring to
Fig. 2, remove the T299 can
and change C290 (82 pk) to
50 pF. Replace the can Then
change C295 (68 pF) to 25
pF. Now the unit tunes from
5.5 to nearly 8 MHz

Next, solder a 01-uF ca
pacitor from pin 13 on the
CA3065 IC to a ground
trace This sets the de-em
phasis to 75 usec using a re-
sistor inside the chip. Then
solder a 5-uF (or so)
capacitor from pin 8 on the
CA3065 to a spare trace |If
you don’t see a spare trace,
then cut the trace from pin 8
on the CA3065 leading out
to the edge of the board and
solder the cap across this
trace cut. Just be sure the
cap is polarized (end with +
on it) towards the chip. Now
you have a dc-blocked out-
put to your amp We don't
use the preamp inside the
chip because a quick look at

the distortion specs would
drive any audiophile back to
AM radio!

Last, solder a 50k PC-type
mini-pot from pin 6 on the
chip to a ground trace. This
is a volume control that we
use in the mixing process
You can use larger shaft-
type pots and mount them
on the front panel, but they
are likely to get bumped lat-

er on and will only reduce
stereo separation. So why
bother?

Depending on your TVRO
receiver, you may need an
input bandpass filter to cut
noise from the video and ad-
jacent audio subcarrier. The
input coil (T299) works pret-
ty well, but a cheap
10.7-MHz FM i-f transformer
padded down to the proper
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Fig. 2. The RCA PM-200 uses a CA3065 quadrature FM-detec-
tor IC for 4.5-MHz audio. The few mods discussed in the text
will make it perform very well as a stereo sound decoder.
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Photo B. Clean out that junk box with this project since noth-
ing is critical. For example, two 12-18-volt transformers can
be used instead of a single 24-36 volt. Even another op amp

likely will work.

frequency knocks out what
little noise is left. Not all
transformers are the same,
so a gdo or an rf generator
will separate the winners
from the losers. The second-

ary usually has a center tap.

Junk Box Jubilee

| decided to take a strictly
plain-vanilla approach since
| knew my little Music Box

WHY QUAD?

Back in the dark ages of stereo, David Hafler of Dynaco was
experimenting with techniques to eliminate the so-called
“hole in the middle" between left and right channel speakers
—see Fig. 3(a). From that effort came a center-channel speak-
er which was simply the left and right channels combined
(L + R) and played 6 dB softer. Then he went one better and
suggested a single speaker behind the listener to add am-
bience. Logically, this ambience channel would consist of the
difference between the channels, or L — R. Remember, we
started with only two channels from tape or disk. This was
revolutionary to audiophiles, but old hat to motion-picture
people who'd been doing it for years with Cinemascope and
3D. (Funny how simple technology doesn’t cross-pollinate
now and then.)

Anyway, Michael Gerzon in England improved on the idea
with the typical left- and right-front setup by feeding the dif-
ference (L — R) to separate speakers located at *'left-rear” and
“right-rear” and out of phase—see Fig. 3(b). It sounded so
good that record people started recording ambience with a
reverse matrix setup. Then they tried discrete channels, and
you had technology go mad with the consumer wondering
which system to choose. So much for history. Most stereo
recordings have some ambience imbedded in them, so this
technique is worth the extra effort to track down an old ampli-
fier and two small speakers to fiddle with quadraphonics.

A 5th Channel?

If the front speakers are widely separated, you can connect
a 5th channel to go between them. This will indeed reduce
separation but tends to fillthe “*hole in the middle effect. Cin-
ema sound processors use this technique with an agc tore-
store apparent separation. Since a signal that would appear
to be located at a point in space between the speakers would
have to be coming from both the left and right channels, we
must assume that it is the sum of the channels, or L + R—see
Fig. 3(c). So feed another amp with the L + R output of the
Music Box and place the speaker between left and right
speakers.
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would soon be lost in the
never-ending wire jumble
behind my preamp. | used a
utility box and mounted
RCA jacks for all the outputs
to my stereo system. (See
Photo A.) The rf input was a
lowly phone jack since | be-
lieve in using everything in
the junk box. Use mini-coax
if you have some. The input
transformers can be sol-
dered to the bottom of the
PM-200s. The op amp was
mounted on an experiment-
er's breadboard. All boards
were mounted on standoffs.
The PM-200 already has a
hole in it for 6-32 hardware.
Be sure to use voltage
regulators to smooth the rip-
ple. The op amps won't see
ripple when running from a
bipolar supply, but the little
PM-200s want pure dc.

For the most part, con-
struction is not critical other
than the suggestion that you
use coax to feed the
PM-200s. Also, you should
use 5%, V4-Watt resistors in
the op amp matrix (all 100k).
While the pots on the detec-
tors can be used to compen-
sate for tolerances, we do
want the tune-up process to
be easy.

Next, you should modify
your receiver. Find the loca-
tion where the 6.2- and
6.8-MHz detectors connect.
This is usually an emitter fol-
lower after video detection.
Tap in with a dc-blocking ca-
pacitor. Then run more mini-
coax to a BNC, type F, or
RCA jack that you mount on
the rear of the receiver. Take
your choice. Use what you
have. The signal is then
patched to the Music Box
with still more coax.

Tune-Up Hints

There are two ways to
make the Music Box play.
You can simply set both 50k
pots for minimum resistance
(that’s maximum volume)
and tweak the input trans-
formers, the T299 coils, and
L299 coils for sound. But
knowing which subcarrier
you are on may be a trick.
Add to that the possibility

that you may have both de-
tectors tuned to the same
carrier, and you’re sure to
see there must be a better
way.

Use a signal generator set
t0 6.62 MHz. Feed it into the
unit. Put a scope on pin 9 of
the IC on the 6.62-MHz
board (L+R) and tune the
coils for maximum. Back the
generator down below limit-
ing and peak again. Do the
same procedure for the
other module (L — R), but set
the generator to 5.8 MHz.

If the generator can be
frequency-modulated by an
internal oscillator, set it to
*75-KHz deviation and ad-
just the L299 coils on each
module for the cleanest
waveform. Depending on
the particular run of
PM-200s, you may need a re-
sistor across L299 to lower
its Q asmall amount. A THD
analyzer is a better eyeball
if you have one. Without an
analyzer, you are stuck with
having to use your ear to
fine-tune L299 for minimum
noise and distortion.

While we're on the sub-
ject, don’t expect the Music
Box to play very well if your
system has any sparklies.
And narrowing the receiver
i-f bandpass doesn’t count,
despite the picture improve-
ment you'll likely see. It’s
what you’ll hear that really
counts. The first time a
solid-color field is displayed
(wider carrier deviation),
you’ll see and hear what
many call frizzies, the bane
of all “near threshold” sys-
tems. Even with music, noth-
ing beats a good LNA and a
large dish. Nothing.

At this point, you should
be able to connect every-
thing and hear pretty good
stereo. Use headphones to
verify. Some of the music is
in mono, so don’t worry if
your first blast of sound is in
the middle of your head. If
you used 5% or better
resistors on the op amps,
you may be finished. Other-
wise, the two 50k pots may
need adjustment for maxi-
mum separation. Tweak
either pot for best aural
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Fig. 3. Evolution of four- and
five-channel sound. (a} Ste-
reo, (b) quad, and (c) five-
channel system.

separation or connect the
Music Box outputs to the
horizontal and vertical in-
puts of an oscilloscope.
Without sweep, you can ad-
just the detector pots for a
45-degree angle trace on the
CRT when mono is being
transmitted. You’'ll see a
“ball of yarn” display when
stereo is being sent. Of
course, you can always ad-
just for the most sym-
metrical jumble. What else
would one do for rock and
roll?

Next, connect the speak-
ers. Watch phase because it
is everything in a quad set-
up. If you are unsure, then
first place a 1.5-volt cell mo-
mentarily across the voice
coil of each speaker and
note in which direction the
cone moves. Mark the
speaker lead with a + when
the cell polarity causes the
cone to move outward. All
this is arbitrary, of course,
but serves to give you a ref-
erence from which you can
work.

LEFT

PWR L-R orar

AMP ¢

RIGHT

R-L  Rgan

+

Fig. 4. Hookup for quadra-
phonic sound.

Music Box Bonus!

Sending the sound tracks
in stereo was a pretty good
idea. But what the Warner
people didn’t option was
quadraphonic sound (at
least until they read this)!
And the little Music Box can
do it. Quad sound? Yeah. ..
and does it sound neat! And
if four channels don’t grab
you, then how about five
channels? It’s just sitting up
there on the bird waiting for
you to snatch it!

For a quick trip into the
history behind four- and
five-channel sound, see the
box. To get quad, just take
the Music Box’s L—R out-
put, run it through a power
amplifier, and connect two

speakers as shown in Fig. 4.

Note that the speakers on
the amplifier's output are
connected in parallel but
out of phase. The L —R goes
on the left rear as you face
the main speakers. The R — L
goes on the right rear. Since
the rear speakers will be ra-
diating only ambience, you
don’t need to use the best
that money can buy. Small
bookshelf units work fine.

Setting levels for quad is a
matter of taste. The ambi-
ence effect is very pro-
nounced if the rear levels
are high. But the stereo ef-
fect is reduced somewhat
depending on the room. This
is also true of the center
channel. Too much level
and separation goes away.
As a rule, start your ad-
justments with the center
and rear channels about 6
dB softer than the main left
and right. And...oh
yes. . remember the thresh-
old of pain is still +120 dB.
But it may be less with rock
and roll'l
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PANASONIC CT 5511 battery portable color TV receiver and video monitor $420

12 minute $4.50
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HAM HELP

I am in need of service data
for a Hammarlund HQ 100A,
Hallicrafters WR 1500, and old
Weston, Jewell, and Hickock
tube testers.

Frank Krantz
100 Osage Ave.
Somerdale NJ 08083

| need plug-in coils for a Na-
tional SW-3 receiver.

Max R. Otto WOLFF

733 W. Benton St.
lowa City IA 52240

Does anyone know how to
convert a little transistor broad-

[ correcTioNs |

The British VHF converter
project presented in the April,
1982, issue of 73 uses a double-
sided printed board. The foil pat-
tern for the board’s top (compo-
nent) side was inadvertently

64 73 Magazine ¢ June, 1982

omitted. It is reproduced here as
Fig. 1. Also, the crystal X1, R9,
and L4 junction should not be
connected to ground.
Tim Daniel N8RK
73 Magazine Staff

cast AM receiver to 160 meters
to receive code for QRP work?

Frank Hennis KA7IWW
1009 Dibb St.
Bremerton WA 98310

I 'am looking for a Hallicraft-
ers LF/MF tuner, model HA-10.

Ed Heger KA2HNO
271 Henry St.
Paramus NJ 07652

TE04198 top

| am looking for work in the
electronics field in the Knox-
ville-Chattanooga TN area. Ex-
perience includes digitat and rf
circuits. | have a First Class
Radiotelephone license with
radar endorsement and an Extra
class amateur license.
H.F. Schnur
8227 Rolling Stone Lane
Ooltewah TN 37363

Fig. 1. Foil pattern for top side of the VHF converter PCB.
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Roger N. Peterson
25 Orchard Lane
New Canaan CT 06840

Tune In the World’s Tinderbox

— SWLing from Cairo to Kuwait

he assassination of An-

war Sadat, President of
Egypt, was simply the latest,
at that time, of a whole
series of “incidents” in this
conflict-torn area. The war-
fare between Israel and
Egypt a few years ago, the
fighting between Iraq and
Iran, the invasion of Afghan-
istan by the USSR, and the
ever-threatened stability of
Saudi Arabia, Kuwait, and
other Arab oil-producing
states are all part of the tur-
bulent Middle East scene.
For a clear-cut, direct, day-
by-day picture of this ex-
plosive part of the world,
listen to your shortwave
radio. All the countries men-
tioned above, plus others,
have daily programs in
English that can usually be

$i7 .

ALGERIA
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heard well in North Amer-
ica. And you will find it in-
teresting to compare the dif-
ferent viewpoints of these
nations.

Radio Cairo from Egypt
usually has a pretty good
signal into North America.
Its English programs can be
heard at 2215-2345 GMT on
9805 kHz and at 0200-0330
GMT on 12.000 and 9.465
kHz. A 250-kW and a 100-
kW transmitter are all the
station has. Its programs al-
ways open with the sound of
chimes (sounding suspi-
ciously like Big Ben in Lon-
don) and the words from a
woman announcer: “This is
Cairo, this is Cairo.” Fol-
fowing this is a ten-minute
news program. Then comes
a regular pattern of music

followed by a discussion of
some timely topic, usually
related to the Middle East.
The music is Middle Eastern,
reminiscent of Egyptian bel-
ly-dancing scenes in old
movies. The music goes on
for about ten minutes and
then for 15 minutes you hear
talk. Then back to the mu-
sic, and so on. This is the reg-
ular daily program format.
However, like the good
broadcasters they are, Radio
Cairo is not afraid to break
out of the mold if the occa-
sion calls for it.

If you had been listening
to Radio Cairo on the eve-
ning that Sadat was killed, as
I was, you would have been
in for a most interesting ex-
perience. As soon as the offi-
cial announcement of

JORDAN

SAUDI
ARABIA

Sadat’s death had been
made, Radio Cairo discard-
ed its regular format and put
on a fascinating program
about the late president.
They covered his rise to
fame and his accomplish-
ments while president, and
then switched to a report on
the background of his suc-
cessor, Hosni Mubarak.

To me, this was short-
wave radio at its best. Such
experiences give the listener
the opportunity to go to the
sources of major stories,
wherever in the world they
take place, and to get on-
the-spot coverage that is
usually way ahead of your
local radio or TV news
report.

Perhaps the most exten-
sive broadcasting job in the




Middle East is done by lsra-
el. Kol Israel, the voice of
Israel’s External Service,
beams some six hours of
English-language programs
into North America, many
of them very popular with
regular listeners.

Broadcasting in Israel
goes back to the days when
the British ruled Palestine
under a League of Nations
mandate. They formed the
Palestine Broadcasting Ser-
vice (PBS) back in 1936 and
put out programs in English,
Hebrew, and Arabic. The
present Kol Israel took its
bow on the first day of Isra-
el’s independence, carrying
Prime Minister David Ben-
Gurion’s original Declara-
tion of Independence
speech live on May 14,1948,
from the Tel Aviv Municipal
Museum. The Hebrew
broadcasting staff of the
PBS joined up with those
who had been broadcast-
ing for the Jewish under-
ground to form a nucleus for
the original Kol Israel
organization.

In 1965, a Broadcasting
Authority Law was enacted
that gave Kol Israel the
same status that is enjoyed
in Great Britain by the BBC.
That is, it is administered by
a Board of Governors acting
as an independent body out-
side of direct government
control. The executive head
is the Director-General who
is appointed by the govern-
ment for a five-year term.

About two-thirds of the Is-
rael Broadcasting Authori-
1y’s budget is revenue from
license fees of domestic lis-
teners and TV viewers. The
remainder comes from fees
charged advertisers for com-
mercials on domestic radio
and TV. The External Ser-
vice also gets direct grants
from the government.

Kol Israel has a strong sig-
nal into North America with
four 300-kW transmitters
aimed at our shores. Broad-
casts in English can be heard
in the mornings, afternoons,
and evenings. The last is the
best time for reception, al-

though afternoons generally
also are good. Mornings at
1200-1230 GMT are usually
not the best for reception.

In the evenings, listen
from 0000 to 0030 CMT,
0100 to 0130 GMT, and 0200
to 0225 GMT on one of the
following frequencies:
15.583 kHz, 11.640 kHz, or
9.815 kHz. Also listen from
0500 GMT to 0515 GMT on
15.105, 11960, 11638, or
9.815 kHz.

In the mornings at 1200,
try for Kol Israel programs
on 21.760, 21.495, or 17.612
kHz. Sometimes the recep-
tion at this hour is unusually
good, but it is problemati-
cal, unlike the other times of

broadcast.
From 2000 to 2030 CMT
on 12.025 11.960, 9.815,

and 11.638 kHz, reception
is usually strong. So, too, is
it from 2230 to 2300 GMT
on 11.960, 11.638, and 9.815
kHz.

All Kol Israel programs
begin with a five-minute
news summary and then go
into their regular program-
ming, which is different
each day.

Sundays. ""Calling All Lis-
teners” is Radio Israel’s pop-
ular DX program which
gives up-to-date information
on frequency changes for
stations in the Middle East
and also Kol Israel program
details for the week. This
program extends into Mon-
day GMT times (0100, 0200,
etc.).

Mondays. '‘Program
Parade” gives forthcoming
program details, and then
comes “This Land,” which is
particularly aimed at people
interested in touring Is-
rael. Following this is "“Spec-
trum,” which reviews Israeli
scientific developments.

Tuesday. "lIsrael Mosaic”
gives the listener interest-
ing facts about life in that
country. “Pop Sound” of-
fers music, and then comes
"Personally Speaking,” a

program with guest
commentators
Wednesdays. “'lsrael

Forum” i< the big program

Want QSL Cards or Station Programs?
Here are the addresses of Middle East broadcasters:

Radio Afghanistan
PO Box 544

Kabul
Afghanistan

Voice of Islamic Republic
Box 41-3641
Tehran, Iran

Israel Broadcasting Authority
PO Box 1082
Jerusalem. Israel

Broadcasting Service of the
Kingdom of Saudi Arabia

Ministry of Information

Riyadh

Kingdom of Saudi Arabia

Radio Cairo
PO Box 1186
Cairo, Egypt

Radio Baghdad
Iraqi Broadcasting
Salibiya

Baghdad, Iraq

Kuwait Broadcasting
PO Box 397
Kuwait

UAE Radio

Dubai

PO Box 637

Abu Dhabi

United Arab Emirates

of the day and offers the
listener some lively discus-
sions about people and
politics.

Thursdays. “Time Out”
offers interesting feature
stories about life in Israel.

Fridays. ‘’Music from
Israel.”

Saturdays. “’Israel This
Week” is a review of current
events of the past six days.

Compared to Israel, the
other Middle East broad-
casters are, for the most
part, inferior. While some
have good signals, they are
not on the air very much and
their programming is, by
comparison to Kol Israel,
somewhat crude. However,
if you are not listening just
for enjoyment, as you might
with the BBC or other West-
ern stations, but to get infor-
mation and various view-
points, these other Middle
East stations do give
you that

Radio Kuwait is an in-
teresting station to listen to.
This little country —about
the size of Israel but with
only half as many
people —has some 15% of
the world’s oil reserves. Qil
pays for just about
everything there—free
medical care, education,
and social security. Best of
all, there are no taxes!

Kuwait, as might be ex-
pected, has modern
Western technology work-
ing for it, and this includes
shortwave transmitters in
which there are four 250-kW
and two 500-kw units. They
have a pretty good signal in-
to the US from 1800 to 2100
GMT every day. They use
only one frequency —11.675
kHz —but the equipment is
good enough to make this
almost always a good one
for receivers here in this
country

A typical program from
Kuwait goes like this:
—1800 GMT - Station Iden-
tification; music (Arab
style),

—1830 GMT —15-minute
talk on some current event
in the Middle E ast by young
lady;

—1845 GMT —More music;
— 1900 GCMT —Western-
style music;

—1930 GMT —Review of
the week;

— 2000 GMT —Music (Ara-
bic); and

—2030 GMT —Discussion
of economics by a man

Listening to Radio Kuwait
is similar to sticking with
Radio Cairo. It's not easy to
stay glued to the receiver on
stations like these unless
something special is hap-
pening in the area. This, of
course, is very likely these
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for the serious listener.

Be A Better
Listener.

Take command of your
scanner or short wave
receiver.
to look and when to
listen with help from
MONITORING TIMES.

r une /ﬂ.' ® Drug Smuggling Communications
@ Police Action @ Space Shuttle support
@ (landestine Broadcasts

...And Much, Much More! .

Pubiished bi-monthly, it’s the only
broad-spectrum publication written

For a FREE sample
issue, please write:

EIMONITORING TIMES

140 Dog Branch Road, Brasstown, N.C. 28902

Learn where

@ Spy Networks
@ Ship-To-Shore Links

days, with the Middle East
set to have an explosion of
some kind at any time. Thus,
it makes sense to know
where to find stations like
Radio Kuwait on your dial
and to check into them from
time to time.

A real disappointment is
Saudi Arabia. Here is one of
the largest Middle Fast
countries, with a population
of 9,290,000 and geograph-
ically a quarter the size of
the US. Like Kuwait, it is oil-
rich. Unlike Kuwait, which
has a literacy rate of over
60%, Saudi Arabia has a
rate of only 15%

The Saudis have three
shortwave transmitters—a
50-, a 100-, and a 350-kwW
They should spend a couple
of bucks and buy more or
better ones. Reception is not
very good here in the US
They broadcast from
1800-2100 GMT on 11.856 or
7210 kHz

When you do tune them
in, the program starts with a
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man saying, “This is Radio
Jeddah, the broadcasting
service of the Kingdom of
Saudi Arabia.” The program
that follows is a mixture of
Middle Eastern music and
talk, the latter primarily ex-
plaining positions on oil
prices, purchases of modern
arms from the US, etc
Again, while not the most
entertaining station to listen
to, it could be of great in-
terest should some event
take place in that part of
the world

A much more intriguing
station to listen to is UAE
Radio in Dubai, in the
United Arab Emirates. Here
is a little country that | had
never heard of before be-
coming a shortwave radio
listener. It has a population
of less than a million people
and is roughly the size of
Maine. However, oil rev-
enues give the UAE one of
the highest per capita gross
national products in the
world. This little country
was a British protectorate

until 1971 —another reason
for its obscurity

From a broadcasting
standpoint, UAE Radio is a
pleasant surprise. It has
three 300-kW transmitters
which seem to reach us here
in North America extremely
well. Its English programs
can be heard twice daily, at
03300357 GMT on 17.775
and 9590 kHz, and from
1610-1650 GMT on 21.695
and 17.710 kHz

After station identifica-
tion by a young lady who
sounds as though she has
been educated in London,
England, UAE Radio offers
not the news, as is the usual
shortwave broadcasting
technique, but a feature
story. Recently, for example,
it had an interesting
15-minute talk on the history
of the trade of that geo-
graphical area with China
during the time of the Cru-
sades. Following this came
ten minutes of music —not
Arabic music, but the kind
we hear on US FM "beauti-

ful music” stations. After
this came the news.
News is done in BBC

style. That is, first they give
you the headlines, then the
detailed stories, and then a
repeat of the headlines. You
can see the British influence
in their broadcasting. With
the exception of Israel, UAE
Radio appears to be the
most westernized of all the
Middle East stations

Another pleasant surprise
in Middle East stations is
Radio Baghdad from lIraq
This station also has very
good programs, and even
though it is reported to have
only a single 250-kW trans-
mitter, it comes in with a
pretty strong signal to North
America. A typical program
starts with 15 minutes of
news followed by about five
minutes of music (Arab
style). Next comes a five-
minute editorial (perhaps on
the war with Iran and why
they are fighting), followed
by more music. Then
another talk and more
music

While it may sound rather
boring, the fact of the mat-
ter is that the talks are well
thought out and very well
delivered. It is good listen-
ing if you are at all interest-
ed in what is going on in the
Middle East.

Iraq is not a large country
(a little bigger than Califor-
nia in size and with a popu-
lation of 12,000,000), but it
is one of the key nations in
the area and, unlike some,
has a pretty good record for
stability. In other words, its
attitudes and thinking will
be important in future
developments in the Middle
East. You can hear Radio
Baghdad every day at
2130-2225 GMT on 9.745
kHz and at 03000335 on
21585 kHz

The other countries in the
area are an "iffy” proposi-
tion as far as reception is
concerned. Iran, three times
the size of Iraq in both pop-
ulation and area, can often
be heard at 1930-2030 GMT
on 9.022 kHz. Programs are
not exactly award winners,
but you do get the Iranian
point of view

Afghanistan can usually
be heard at 1900-1930 GMT
on 15.077—but not very
well Algeria can sometimes
be heard at 2100-2130 GMT
on 25700 or 15.215 kHz
Some listeners have heard
Lebanon on 11.790 or 11.860
kHz at 02300300 GMT. DX-
ers have caught additional
Middle East countries, but
not with programs in
English

However, for those of you
who want to keep up with
what is going on in that part
of the world, you have a
pretty wide choice of sta-
tions with good signals and
fairly good programs—
Israel, Egypt, UAE Radio,
Kuwait, and lIraq. This
assortment gives you a good
balance of opinions. After a
few months of listening to
this array of programs, you'll
be the best-informed guy or
girl on the block about the
Middle East. B



Introducing incredile tuning accuracy at an incredibly
affordable price: Th2 Command Series 3IF-3100
E1-band AM/FM/SW receiver® No
cther shortwave receiver brings in
PLL quartz synthesized tuning and
all-band digital reedout for as low a
price.* The tuner tacks and “locks’
onto your signal, £1d the 5-digit dis-

communications accurately with EFO 2itch Control.
¥/ant to bring in your favorite programs without lifting

afinger? Ther oosidar the Panasonic
RF-6300 8-band AV/FM/SW receiver
(1.6 to 30 MH2) has microcomputerized
preset pushbutton &L ning, for program-
ming 12 differen: bscadcasts, or the
same broadcast 1= deys in a row. Auto-

plav shows exactly what frequency
you're on.

There are other vsays the RF-3100
commands the airvays: It can travel g
the full length of t = shortwave band
(that's 1.6 to 30 MHz). It eliminates interference when

Nt
SN .. .
1N e o)

RF 63)C 8-band AM FM 3W

matically. It ever has a quartz alarm
clock that turns -he radio on and off to
play your favorite roadcasts.

The Commanc Series RF-3100 and
RF-6300. Twc more ways to roam the
Jioke at the soeed of sound. Only from Panasonic.

*Skcrtwave recepticr will vary with antenna, weaherccngitions, operator's
geagrapuc location and other factors. An outside artenra may be required for
masimnus shortwa-e reception.

“Bzged 0'va compa-son of suggested retail pHices.

stations overlap by narrowing the broadcast banc
k improves recepfion in strong signal ereas with FF
Gan Control. And the RF-3100 catches Mors2

This Panasonic Command Senies’
shortwave receiverbrings the state of the art
closer to the state of yourpocketbook.

With PLL Quartz Synthesized Tuning and Digital Frequency Readout.

.« Panasonic.

just slctlyahead of our time.
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(603) 883-5005

ELECTRONICS

61 Lowell Rd., Hudson, N.H. 03051

TOWERS....ROTORS....ANTENNAS....COAX....HF XCVRS.

Over 1000 different amateur radio items are listed on these two
pages, and most of them are in stock ! Open SEVEN DAYS every
week and NO SALES TAX in New Hampshire. You'll find that
our DISCOUNT PRICES are hard to beat and our FRIENDLY
SERVICE is second to none. We're only 30 mins from Rte 128 in
BOSTON via Rte 3, and only 45 Mins from LOGAN International

order service. Most mail and PHONE orders are shipped in one
day. Send $1 for our ENLARGED CATALOG, free with orders,

DISCOUNTS - FREE CATALOG - EXPORTS - -PACKAGES
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some BASIL mATH

FROM MICROLOG

START WITH

THE FANTASTIC
ATR-6800 SYSTEM
FORRTTY/CW...

{ AMICROAOO /A-- 800 > ‘ i \
\

PLUS!

“BASIC” COMPUTER LANGUAGE — Write and load programs in easy to use
+ “BASIC".

COMMUNITY MAILBOX — Enter, store, replay, delete etc. individual
+ messages remotely.

CONTEST DUPE SHEET — Did you work him or not? When? etc. or use for
+ personal station log.

MESSAGE EDITOR — Create perfect message quality text with
+ editing capabilities.

24K BATTERY-BACKED MEMORY — Never lose your MAILBOX, station LOG, DUPE

sheet or program. 24K = 24576 characters.

= The most complete communications system available today
== (or for years to come!)

With the addition of this one internal multi-function board and
basic module to your ATR-6800, ALL of the above features are
available, as well as the superior RTTY/CW performance in
one attractive RFI PROOF package.

Factory instalied for $599, contact us for
scheduling at 18713 Mooney Dr., Gaithers-

burg, Md. 20879. Tel. 301-258-8400.
ATR-6800 with 9 video $2,495. 51 M’CROLOG
INNOVATORS IN DIGITAL COMMUNICATIONS
72 73 Magazine ¢ June, 1982



Confidential
Frequency List

MFJ CW/SSB/Notch Filters

MFJ-722 ALL MODE audio filter for CW/SSB has
tunable 70 dB notch, no ring 80 Hz CW bandwidth, steep
SSB skirts (18 poles total), 2 watts for speaker plus more.

New 5th edition bymPerry Ferrefl

Bigger and better than the world-
acclaimed 4th edition, this new book
has 30% more stations listed, more than
7500 operating between the interna-
tional broadcasting and amateur radio
bands, spanning 4-28 MHz. Listings by
both frequency and callsign reflect
present and post-WARC assignments
Complete list ot Coastal CW stations
plus Embassy, Aeronautical, Military
Time Sigs, Feeders, VOLMET, FAX, IN-
TERPOL, etc. New details on scheds
emergency channels, alternates, and
never-before-published IDs.

In USA: $9.95 Book Mail, or $12.00 UPS.
Outside USA: Book Mail US$11.00.
Overseas Airmail: US$14.00 + US$3.30
Registration to assure delivery

GILFER SHORTWAVE

N DEPT. 736, BOX 239, PARK RIDGE NJ 07656 J

ASSOCIATED RADIO

8012 CONSER BOX 4327

OVERLAND PARK, KANSAS 66204

BUY—SELL—-TRADE

" ‘.. >
;.

MPS OPTIMIZER ST,

ads
Cw/S68/MOTCH FILTER MODEL MFJ-T722

New super-selective filter. The new MFJ-722

Optimizer’" offers razor sharp. no ring CW
filtering with switch-selectable bandwidths (80
110. 150. 180 Hz centered on 750 Hz). steep-skirted

B filtering. and a 300-3000 Hz tunabie 70 dB
notch filter with adjustable bandwidth

The &pole 4 stage actlveICfllterqxe W per
formance no tunable filter can match (80 Hz band
width gives -60 dB reponse one octave fr m center

101 110 Dle

audio bandwidth 1s optimized for reduced sideband
splatter and less QRM (375 Hz highpass cutoff
plus selectable lowpass cutoffs at 2.5, 2.0 and
15 KHz. 36 dB/octave rotlotf). Measures 5x2x6

New Model MFJ - 723. ($49.95), is similar to the
722 but 1s for CW. Has a 60 dB notch tunable
trom 300 to 1200 Hz. Measures 4x2x6

Other models: MFJ - 721, $59.95. | ike 722 |
notch. MFJ - 720, $39.95. Like 7 ess notch

All mode versatility:

razor sharp CW and steep-skirted
SS8B filtering with tunable notch
eliminates QRM

$6995

Versatile, all models plug nto the
provide 2 watts for [ witfh
headphones A er)ures 8 VI r 110 VAC witl
pticnal adapter. MF g

Order from MFJ and try it-no obligation. |f
not delighted. return it within 30 days for refund
e pw g). One year nal guarantee
0rdertoday Call tol! free 800-547-1800 Charge
VISA MC or maii check. money

ated plus $4.00 each shig

En|oy |mproved readabllny order now

CAI.I. TOI.I. FREE ... 800-647-1800

5869 in M tside continenta
USA m < r u hnical inf réer/repatr statu
MF ENTERPRISES,

INCCRPORATED
f BOX 494, MISSISSIPPI STATE, MS 39762 %7

der for amoun

913-381-5900

£

All Brands New & Recondltloned

l— Jl"'HtJl“'l
‘H'Jl —

SPECIAL — MAY - JUNE DOUBLE KENWOOD COUPONS

IF YOU DIDN'T GET YOUR COUPONS—CALL US.

MasterCard

SAVE—SAVE —SAVE

VISA*

NOTE: SEND $1.00 FOR OUR CURRENT CATALOG OF NEW AND RECONDITIONED EQUIPMENT
SEND $1.00 FOR OUR WHOLESALE LIST OF UNSERVICED & OVERSTOCK ITEMS.

SEND $2.00 FOR BOTH. THEY WILL BE MAILED SEPARATELY.




John H. Klingelhoeffer WB4LNM
2608 Vantage Cove
Annapolis MD 21401

Are You Ready for 900 MHZz?

This article is based on a paper given at the 27th Annual VHF Conference, Western Michigan University, Oct. 17, 1981, Kalamazoo MI.

ince the proposal and

decision to allocate the
902-928-MHz segment of
the UHF spectrum to the
Amateur Service,' VHF/
UHF enthusiasts and experi-
menters have wondered
how best to utilize this new
resource and what equip-
ment would be needed to
communicate efficiently on
it. This article will address
those topics and will pro-
pose a band plan for the
amateur community based
on experience with other
VHF/UHF bands and prov-
en radio-frequency design
techniques.

History

Recent use of the fre-
quency spectrum from
902-928 MHz in the United
States has been for radio-
frequency heating, i.e., the
Industrial, Scientific and
Medical (ISM) service. Early
commercial and consumer
microwave ovens used this
wavelength, although most
now have changed to 2450
MHz for improved perfor-
mance at this higher fre-
quency.? Most ISM heating
devices (typically magne-
trons) are tuned to a center
frequency of 915 MHz and,
with their pulsed power op-
eration, generate consider-
able amounts of energy in
the form of sidebands
Thus, guard bands of plus
and minus 13 megahertz
about the center frequency
were adopted to minimize
interference with services
in immediately adjacent al-
locations.
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Warning: The 915-MHz
frequency was originally
chosen for its heating ef-
fects on substances with
high water content such as
food and, unfortunately,
human flesh!

The ISM service will
share the new amateur allo-
cation on a secondary, non-
interference basis as the
proposals now stand. Both
services will share the band
with Government Radiolo-
cation (radar), which will
have primary status (this is
the case in many UHF/mi-
crowave amateur bands). In
addition, other restrictions
provide that the new band
will not be available to the
Amateur Satellite Service
and that it may be suscepti-
ble to interference by Auto-
matic Vehicle Monitoring
(AVM) systems pending
consideration by the Feder-
al Communications Com-
mission.’

Propagation

The new UHF allocation
has shown in commercial
land mobile tests that it be-
haves much as expected —
attenuation by natural ob-

902.0 MHz — CWI/SSB

jects such as trees and earth
will be greater than on 450
MHz, necessitating in-
creased effective radiated
power. However, in urban
areas, because of the much
shorter wavelength, its
specular reflection allows
much better coverage in
areas forested by tall build-
ings and tunnel structures.*

Much research has al-
ready been accomplished
by the commercial commu-
nity in its quest to prolifer-
ate the cellular mobile ra-
diotelephone services into
the 825-t0-890-MHz area.
Several excellent articles
have appeared document-
ing extensive tests that have
been performed in a variety
of areas (mostly metropoli-
tan) around the United
States.*®’ The operational
characteristics of amateur
mobile FM voice should
parallel these results quite
closely.

One area of concern in
using the new 33-centime-
ter band for mobile com-
munication is the rate of
signal cancellation and ad-
dition (mobile flutter). At
two meters, the same phe-
nomenon that causes lost

902.6 MHz — FM voice/RPT
(mobile receive, RPT transmit)
906.0 MHz — ATV Channel A
912.0 MHz — ATV Channel B
918.0 MHz — ATV Channel C
924.0 MHz — FM voice/RPT
(mobile transmit, RPT receive)

927.4 MHz,

928.0 MHz — Control Links, Packet Transmissions

The band plan proposed by WB4LNM in October, 1981, for

902-928 MHz.

words during transmissions
will, at 900 MHz, add a low-
frequency buzz to demodu-
lated audio. At speeds of 30
to 60 miles per hour, the fre-
quency of this tone will be
approximately 80 to 160 Hz
for a transmission frequen-
cy of 915 MHz. Although
this is not a problem for
voice intelligibility (it can
be filtered out by appropri-
ate audio high-pass filter-
ing), it does cause the pres-
ent continuous tone sub-
audible squelch (CTSS),
known more popularly by
its trade name, Private
Line,® to malfunction by un-
squelching a receiver when
there is actually no trans-
mitted CTSS tone. Thus, dif-
ferent selective-signaling
methods, perhaps tone
burst or digital squelch
composed of a short dura-
tion serial-bit stream at the
beginning of each transmis-
sion, would be required for
reliable operation.

Hardware

Equipment for commu-
nicating at 900 MHz is an-
other area where the com-
mercial communications
services are helping almost
as much as when they
dumped thousands of old
VHF high-band transceiv-
ers on the amateur market
in the late 1960s. Although
it will be many years be-
fore the new cellular radios
will be available as surplus,
the components and tech-
nology used in these trans-
ceivers will be produced in
mass quantities for the
many tens of thousands of



MFJ/Bencher Keyer Combo

Deluxe MFJ Keyer tits on Bencher Paddle. Curtis 8044
IC. lambic. Adjustable weight, tone, volume, speed.
Semi and automatic modes. Solid state keying. RF proof.
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Models availabie for all commercial and ham bands.
special prices for amateur repeator clubs

2 3.0
Ultra-reliable solid state keying: grid Enjoy CW. See dealer or call MFJ  now

3
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dle base
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that s a pleasure 1o look at and use Box 494, Mississippi State, MS 39762

P.0. BOX 7127 « WACO, TEXAS 76710
817/848-4435

The 1982 Atlanta HamFestival

and
ARRL Southeastern Division Convention
June 12 -13, 1982

Downtown Atlanta Marriott Hotel
® GIANT covered Fleamarket/Swapshop! e 140 Major Exhibits!
More than 25 Forums/Meetings! e Special MICROPROCESSOR Section!
FCC Exams! * Programs for Ladies & Children

Parking for thousands of cars! Activities Galore!

Registration: $5 per person IN ADVANCE, $6 at the door (add $1 for your spouse, children FREE)

If you do not receive a Preregistration packet by May 15, write:
Atlanta HamFestival ® P.O. Box 82412 e Atlanta, GA 30354
Hotel rates: $50 per day single OR double
Write for Hotel Reservations to:

Marriott Hotel ® Courtland at International Blvd. ¢ Atlanta, GA 30303
or phone: Area 404/659-6500 and hurry, hurry, hurry!

THE BEST HAMFEST IN THE WORLD!
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mobile radiotelephone
users that are expected to
popuiate the adjacent
commercial band in the
next few vyears. Several
semiconductor manufac-
turers already are produc-
ing components that will
work well in amateur trans-
ceivers.® %"

For those who don’t want
to build down to the basics,
there are also hybrid power-
amplifier modules that re-
quire little more than appli-
cation of proper drive sig-
nals, power-supply volt-
ages, and heat sinking.'?
These would be suitable for
FM, PM, or CW operations,
and require only 250 milli-
watts of input energy for 7.5
or 20 Watts output.

Receiver designs will be
of the same general super-
heterodyne style we are ac-
customed to, but with sig-
nificant differences in the
construction of the rf am-
plifier and first mixer
stages. To enhance selectiv-
ity, small cavity resonators
or helical resonators will be
used for their low-loss char-
acteristics and their physi-
cal size, which will reach
manageable proportions at
this wavelength. Gallium
arsenide field-effect transis-
tors, once expensive de-
vices for commercial and
military systems, will be
employed to minimize
noise figures when used
ahead of Schottky diode
double-balanced mixers
known for their inherent ex-
cellent wide dynamic
range. The cost of these
mixers continues to de-
crease as they are used in
more and more communi-
cation systems. Several
manufacturers already of-
fer, in small quantities, pre-
assembled mixer modules
that work to 1 GHz for un-
der ten dollars.

Building at 900 MHz will
introduce the newcomer to
a different attitude toward
the components he uses.
The rules here are, “the on-
ly good leads are no leads,”
and, it may look like a ca-
pacitor to you but what
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does it look like to the cir-
cuit?” At this frequency, a
one-eighth-inch lead of #22
AWG wire on a 270-picofar-
ad disc capacitor exhibits
an inductive reactance
larger than the capacitive
reactance of the capacitor.
Thus, the capacitor at this
frequency is actually acting
as an inductor.

Chip capacitors, capaci-
tors with no leads at all, are
frequently used where this
effect becomes a problem.
Although they are reason-
ably expensive, their price
can be expected to de-
crease since the production
process for manufacturing
them is automated and they
are now being used in the
computer industry to help
digital devices comply with
stringent new radio fre-
quency interference regula-
tions.

One of the toughest
problems to tackle will be
that of frequency stability,
especially in mobile and
portable equipment. Con-
sider a typical transmitter
crystal of frequency
33.4074 MHz (902 MHz di-
vided by 27), with a toler-
ance of 0.001% over the ex-
tremes of temperature,
shock, and voltage. This
crystal could exhibit a drift
of 9 kHz at 902 MHz and
still be within specification.
If the new amateur band
were to follow the normal
25-kHz channel spacing
and 13-kHz occupied band-
width used on 450 MHz, it is
obvious that the communi-
cations system would suffer
great degradation in both
adjacent channel selectivi-
ty and demodulation distor-
tion if this crystal were
used.

Several ingenious ideas
have been proposed to alle-
viate this stability problem,
or at least to transfer the
problem to a station capa-
ble of maintaining an accu-
rate frequency standard.’
If the mobile transmitters
were designed to operate in
full duplex mode, the signal
received from the repeater
(assumed to be stable and

accurate) could be used as
a reference to which the
mobile transmitter could be
frequency-locked. Since
the vast majority of vehicu-
lar operation on this band
will most certainly be tied
to repeater systems, this
method represents a very
cost-effective solution. The
band plan suggested later
in this article was devel-
oped with this concept in
mind.

Another positive aspect
of a full duplex system is
that it will allow the opera-
tor to gain immediate
knowledge of how well he
is communicating with the
retransmission site, be-
cause he will be able to lis-
ten to his own signal as it is
retransmitted (perhaps at
reduced volume in the re-
ceiver to prevent audio
feedback).

Antennas for the 33-cm
band will be small enough
to be built easily with sim-
ple hand tools and mount-
ed on masts no larger than
small television antennas. A
fourteen-element parasitic
vagi-uda array, which mag-
nifies a transmitter’s power
16 times, occupies a space
of only 6.5 by 28.5 inches.
Corner reflectors, which
have never been widely
used by amateurs at lower
frequencies, are easily con-
structed and offer a decent
amount of gain and fairly
wide bandwidth. Of course,
for those who can afford
the price (and have no
neighbors), a four-meter di-
ameter parabolic dish gives
about 27 dB gain and can
be used on the higher mi-
crowave bands as well.

Using It

Many different ideas,
amateur conventions, and
technological factors were
considered when attempt-
ing to formulate a band
plan that would serve all
the needs of the amateur
fraternity. The following
plan is the distillate of
those components.

One aspect of the hobby
that appears to be in a

growth mode is that of fast-
scan television and com-
puter-generated video. On
the 70-centimeter band, the
wide, buzzing video car-
riers are not well received
(more accurately, not wel-
come) near the weak-signal
satellite downlink subband
from 435-438 MHz. This has
prompted ATV, in several
metropolitan areas of the
country, to move to 23 cm
in search of usable spec-
trum. However, the expect-
ed allocation of 1260-1270
MHz to the amateur satel-
lite service,' coupled with
the recent removal of ama-
teur operating privileges
from 1215 to 1240 MHz for
military navigational satel-
lite systems (NAVSTAR,
GPSS),? as well as the diffi-
culty of generating healthy
amounts of power at 23 cm,
makes this band less than
desirable for fast-scan tele-
vision.

| am proposing, there-
fore, that three 6-MHz-wide
standard video channels
(with multiplexed FM voice
if desired) be centered in
the proposed band plan.
Since these three channels
would be broadcast stan-
dard video format and fre-
quency spacing, only one
local oscillator per down-
converter would be needed
to mix all three down to
contiguous VHF or UHF
broadcast channels for dis-
play on a standard unmodi-
fied television receiver.

For the FM crowd, the
band plan proposes 128
new FM channel pairs
spaced at 25 kHz, with the
transmission and reception
frequency difference (split)
at 21.4 MHz. This would al-
low use of relatively inex-
pensive monolithic crystal
filters at an intermediate
frequency of 21.4 MHz and
the frequency-locking of
transmitters to received pi-
lot carriers from repeaters.
Although this is an extreme-
ly low first i-f for a radio of
this type, a judicious mix of
image-cancelling mixer
technology and low-loss



WORLD TIME
WATCH

the first microprocessor watch
made especially for hams

24 hr. timer

MicToprocessor
water resistant

solar assist

New Low Price
—$59.95

The HAM-1 functions include local time,
world time, {G.M.T. too) count-up and
count down chronometer, day, month,
date, alarm and hourly chime. It’s ideal
for log-keeping, DX time conversion and
10 minute 1.D. timing. The HAM-1 fea-
tures a high contrast Seiko display and
solar cell battery assist. Battery life is
better than 4 years. The HAM-1 is water
resistant to 20 meters, the case is 100%
solid stainless steel and the crystal is
scratch resistant mineral glass. The HAM-
1 is rugged and durable and has a 1 year
warranty.

2 METER AMPLIFIER
$39.95

® 2 Watts tn, 10 Watts Out ® V.SW.R.
Protected ® Can be Used for F.M. & S.S.
B. ® Led Status Indicators ® Low Loss
S$0-239 Connectors ® Current Drain Less
Than 2.5A at 13.6 V.D.C. ® Massive
Heatsink ® Built In T/R Switch

TEMPO S-1 UPGRADE KITS
$39.95

Upgrade your early Tempo S-1 to cur-
rent Production Specifications, kits
include: 450 M.A.H. Battery Pack
e New Case Assembly e All New Es-
cutcheons @ Spkr./Mic. Jack w/Dust
Cap e New Earphone & Jack e P.C.B.
and Parts for Easy Installation e Detailed
Instruction Manual e For Radios With &
Without T.T. Pad.

Other Accessories Available:

Spkr/Mic. Designed for S-1's. . . $24.95
Heavy Duty BeltClip. . . . .. . .. 7.50
Flex Antenna .
To Order Call or Write to:

ADVANCED COMMUNICATIONS
INTERNATIONAL

2411 Lincoln Avenue

Belmont, CA. 94002 U.S.A.
(415) 595-3949

Add $3.00 per order for shipping &
handling. California residents add 6%
sales tax. Visa, Master Charge accepted.

»” 448

Now with weather band coveraqe!

(NEW MFJ-312 VHF Converter lets you

HEAR POLICE/FIRE CALLS

and Weather Band on 2 meter rigs. Covers nearly all FCC
allocated police/fire VHF-hi freq. (154-158 MHz). Direct freq.
readout on synthesized, VFO 144-148 MHz FM rigs.

Scanning rigs become

Hear exciting police/tire calls, weather band
maritime costal and more on your 2 meter rig

Scanning rigs become police/fire  scanner

This ingenious MFJ VHF Converter turns your
synthesized or VFO 144-148 MHz FM rig into a
hot police/fire receiver (154 158 MHz) with direct
frequency readout on your rig

Receive weather plus more on 160-164 MHz

Feedthru aliows simultaneous scanning of both
2 meters and police/fire band. No missed call

Enjoy all benefits of your rig such as squelch
excellent sensitivity, selectivity, stability, limiting
AM rejection. For handhelds, tgo.

Two MOSFETS (tuned RF amp, mixer), bipolar
crystal oscillator gives excelient performance

Bypass/oft switch allows transmitling. Won't

» See List of Advertisers on page 114

converter on. Low insertion SWR

burn out it you transmit (up to 25 watts) with

M}J VHF BAND LXPANDER
s oF¢ avp
e MFJ-312
—

policelfire scanner.
Direct freq. readout on
synthesized and VFO rigs.

$5995

“On" LED. 9-18 VDC. SO-239. Mtg bkt. 3x4x1"

MFJ-311, $49.95. Like MFJ-312 less WX band.

Order from MFJ and try it — no obligation. If
not delighted, return it within 30 days for refund
(less shipping). One year unconditional guarantee

Order today. Cail toll free 800-647-1800. Charge
VISA, MC or mail check, money order for $59.95
for MFJ-312, $49.95 for MFJ-311 plus $4.00
each shipping/handling

Enjoy exciting police and fire calls, order now.

CALL TOLL FREE ... 800-647-1800

Call 601 323 5869 for technical information, or
der/repair status. Also call 601-323-5869 outside

continental USA and in Mississippi 47
M F ENTERPRISES,
INCORPORATED

Box 494, Mississippi State, MS 39762 )

2 Meter
"All Mode"
Amplifiers
FM - SSB - CW
8108 10W.i
B1016 10 W. in

B3016 30 W. i
B23 2 W. i

BO W. out
160 W. out

= 160 W. out
= 30 W. out

5 YEAR

WARRANTY
NEW for 220!
C22 AMPLIFIER

All-mode/2W in — 20W out
200MW to 5W Drive

589.5

C106 AMPLIFIER
SSB, FM, CW
10W in — 60W out
2Win — 30W out

$179.95
279.95
239.95
89.95

These amplifiers, except B23, have built in RX pre-

amps. The B108 and B1016 may be used with HTs
or transceivers. They will key with 1 Watt input.

RC - | Remote Control

Dual Purpose
for HT or
Xevr!

SEE YOUR NEAREST DEALER FOR INFORMATION
MIRAGE COMM. EQUIP., INC. * P.O. BOX 1393 * GILROY, CA 95020 ° (408) 847-1857,

$24.95 $199%
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front-end filtering will pro-
vide good image rejection
and sensitivity.

The portable equipment
receive band is placed at
the low end of the new
spectrum, causing the im-
age frequencies to be
thrown into the avionics
(DME, TACAN) band in-
stead of the new cellular ra-
diotelephone band. Since
the smaller mobile trans-
ceivers have less room for
cavity filters, that can be
implemented more easily in
fixed-retransmission sites.
The ATV repeater-output
spectrum is also located at
the same end of the band as
the FM voice repeater so
that the two types of re-
peaters can be easily co-lo-
cated. Point-to-point ser-
vice for low-band repeater
linking, packet-transmis-
sion techniques, and radio-
command systems would
be placed at the high end of
the band.

Space has been reserved
at the lower end of the band

plus sophisticated and reiiable software
Simplicity

That's all there 18 to hooking 1t up

message while receving or trangmitting

minutes. As we said, TERMINALL 18 simple

More for your money.

-built in. Thig results in a lowsr totel cost
|8 F ic Morse ¢ pti

TERMINALL is 8 hardware and software system that converts your
personal computer into s state of the art communications terminal
Terminall features simple connections to your computer and radio

TEAMINALL was designed from the outset 10 be easy 10 Connect
10 your radio 8nd easy 10 use. Plug N0 your receiver hesdphone
1ack and copy Morse Code o radioteletype (RTTY) Plug into your
CW key [ack and send Morse Code Attach 8 microphone connec
tor and send Bsudot or ASCHI RTTY using sudio tones |AFSK)

The software is loaded into your computer from disk or cassette
Enter your callsign and the tme and you will start recewing im
mediately. No settings or adjustiments 8re necessary 10 recowve
Morse Code. it's fully automatic -and it works! You may type your

You will be on the air, recaiving and transmituing 1 any mode, in

@ TERMINALL has the RTTY terminal unit - demod and AFSK

Six stage actve fiter
demodulator copies the wesk ones. Auto adaptive Morse algonthm
copies the sioppy ones. Receved code speed displayed on status

for weak-signal modes, SSB,
and CW, as is common on
the lower VHF and UHF
bands. This 600-kHz swath
allows for many 3-kHz side-
band voice channels for tro-
pospheric-scatter, moon-
bounce, and meteor-scatter
experiments. Initial experi-
ments may be carried out
with little more than a re-
turned 451-451.30-MHz
commercial FM transceiver
driving a varactor doubler
for CW transmission. From
past experience with both
listening and operating on
the other bands above 30
MHz, this will provide plen-
ty of weak-signal spectrum
space for the foreseeable
future.

Conclusion

Techniques and equip-
ment for the new amateur
band from 902-928 MHz
have been discussed. A
band plan which tries to
serve all users in the ama-
teur community has been
proposed. Particular em-

RTTY repasters

peraliel ASCIl printer (e g the
1o obtain hardcopy n all modes

text

8 Outstanding documentation. Professionally written 30 page
uBer Manual CoNtaINs S1ep-by-step INstructions

@ Buiit In, saparate, multi-stage. sctive filter RTTY and &
demodulators. No phase lock loops RTTY demodulator nas 170
and either 425 or 850 Hz shift-keyboard selectable - and uses either
the panel maeter or $COD® Outputs for easy tuning Copy the weak
ones Copy the noisy ones Copy the fading ones

B Built In orystal controlled AFSK. Rock stable for even the
most gemanding VHF or HF apphications A must on many VHF

@ Sulit in 110 or 220 volt AC power supply

@ Bulit in parallel printer driver softwars. Simply h o
EPSON MX-80) to your printer port

phasis has been placed on
the need for fast-scan tele-
vision transmission spec-
trum since it appears that
ATV mode has been
nudged out of other re-
gions of the amateur spec-
trum. It is hoped that the
discussion of the new UHF
band will entice you to
build or buy equipment
and operate this frequency
range no matter what your
special interest is. With 26
MHz of spectrum, there is
room for everybody!l
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“THE PRO!‘ESSIONAL TOﬁCH
COMES TO AMATEUR RADIO!”

BP 3 automatically provides a gentle high {re
quency beep at the beginning of each transmis
sion and a low beep at the end Virtually elimi
nates “‘talk -over''! Operates for up to one year
on a single 9-V battery tnot supplied) Can be
directly interfaced to any transceiver which is
keyed by grounding the PTT line (the PTT line
voltage must be positive. not greater than 24

DC. nor the current greater than 100 ma )
Works with virtually all modern gear You've
heard it. now you can have it!

‘“ADD THE BEEP!”

BP-3A Complete with case, cable,
Standard 4 pin connectors

BP 3B As above exoept without
connectors Add your own

BP 3C Circuit-board version for

39.96 pp
36.96 pp
29.96 pp

All units assembled tested OH residents
add 6% Sales Tax

ESBHECHN e

3148 Dort Drive © Dayton, Ohwo 45418

MFJ RF NOISE BRIDGE

N

Lets you adjust your antenna quickly for maxi-
mum performance. Measure resonant frequency,
radiation resistance and reactance. Exclusive range
extender and expanded capacitance range gives
you much extended measuring range.

: e Exclusive range extender
capacitance range

MFJ RF NOISE BRIDGE

Mode! WF ) 102
L

This MFJ-202 RF Noise Bridge fets you quickly
adjust your single or multiband dipole, inverted
Vee, beam, vertical, mobile whip or random
system for maximum performance.

Tells resonant frequency and whether to shorten
or lengthen your antenna for minimum SWR over
any portion of a band

MFJ’s exclusive range extender, expanded ca
pacitance range (+ 150 pt) gives unparalleled im
pedance measurements, 1 to 100 MHz. Simple to
use. Comprehensive computer proven manual

Works with any receiver or transceiver. SO-239
connectors. 2 x 3 x 4 inches. 9 volt battery

Other uses: tune fransmatch; adjust tuned Cir
cuits; measure inductance, RF impedance of ampli
tiers, baluns, transtormers; electrical length, velo-
city factor, impedance of coax; synthesize RF im
pedances with transmatch and dummy load.

* Expanded
¢ Series Bridge

$5995

Order from MFJ and try it — no obligation. If
not delighted. return it within 30 days for a refund
(less shipping;. This bridge s unconditionally
guaranteed for one year.

To order, simply call us toll free 800-647-1800
and charge it on your VISA or MasterCharge or
mail us a check or money order for $59.95 plus
$4.00 for shipping and handling for MFJ-202

Put this MFJ Noise Bridge to work improving
your antenna. Order from MFJ or see dealer.

CALL TOLL FREE ... 800-647-1800

Call 601-323-5869 for technical information, or
der/repair status. Also call 601-323-5869 outside
continental USA and in MissisSippi

MF ENTERPRISES,

INCORPORATED
Box 494, Mississippi State, MS 39762 J
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2300 MHz VARIABLE DOWNCONVERTER

1222222322222 2222222222880 00fiddadsisditiasiissssiisstisadlsstiellssy sl ey

ANTENNA KIT 'j\ PARTS |CONVERTER
Waz WASHERS
31 SPACERS

$ 95 Converter P.C. Board
16 Plated through holes K’T
MOUNTING BRACKET
6" RG 174 COAX

for stability........ $4.95
Power Supply

]l ‘F CONNECTOR '@ 35" ROD JR% ;%‘l’a'd
2 DRIEZzEDxEANDP'gff-‘g e, HARDWARE | NEO2135 ... - P.C. BOARD PRE-DRILLED
2835 Diodes .......... 95 | SOLDER PLATED WITH
.001 Chip PLATED THROUGH HOLES
POWER SUPPLY Caps. ... 10/39 | FOR A MORE STABLE PIC-
Complete Choke Set of 4......1.95 TURE. VMEw !
K’T Down Converter LM 317 Regulator 1.25 . 2137 HoT TRANS ..
System ‘lzhConnectors o g W
NCLUDES aSSIS eererenni 5 iodes
516 95 AP:TE?&:A KIT Wall Transformer 6 OOIChID Caps.
e 12 VAC 700 MA...4.95 9 Resistors
POWER TRANSFORMER P.C. BOARD SPECIAL $49.95 U’ BOMt oo 95 4 Prewound chokes
COURSE TUNE POT. RF CHOKE : BALUN 1 Electrolytic Cap.
FINE TUNE POT. KNOB QUANTITY 75 to 300 ohm......1.95 1 Pre Made Probe
3‘F' CONNECTORS WIRE BALUN
RESISTORS & CAPS 2 SWITCHES An?'sr‘i:geui:?uv. for rabbit ears..29 | ©@©©©O©O©O©O®®®
LED WITH HOLDER 4 DIODES - 125 ot *RG 59/U COAX
TERMINAL STRIP LM 317 REG. 25 pes 18% of | WITH CONNECTORS | * WIRED P.C. BOARD TEST-
WOOD GRAIN CABINET WITH SILK 50 pes 25% off | FACTORY MADE ED, READY TO CONNECT TO
100 pes 30% off 100 Ft, $17.50 CAN WITH PROBE & CABLE
SCREENED front and back $10.95 Extra 1000 pes 359 off 50 Ft 9.50 CONNECTOR ATTACHED.
BUILT POWER SUPPLY . . $34.95 oo Muxing for 3h 350 $24.95

xf v;galrt:nfeorc%rl‘;esz We will accept collect calls lzroorgera;:lry‘ on Visa and Master Card

trouble shoot To Order Call 1.317.255- 7776——For information call 317-291.7262
add ..o Complete Kit Weighs 5 pounds. Please add Sufficient Postage

trouble shoot 6950 NORTH MICHIGAN ROAD
power supply. $12.50 INDIANAPOLIS, IN 46268

plus sny parts needed

.7.50

ELECTRONIC
RAINBOW 7
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look here

call toll free:nights
1-800-231-3057

{TEX. RES. Call Collect 7-10 PM CT,
M.W.F. 1-713-721-7920)

days 1-713-658-0268

YAESU FT1 2395.00
FT902DM . ... 1249.00
FT101ZD/Mark 3 749.00
FT208R/708R 289.00 ea

Iicom IC3AT. IC4AT 269.00 ea
IC25A 309.00
IC730 Cali
IC2AT 249.00
IC22Y 269.00
ROBOT 800A (+ Rebate) 749.00
400A (+ Rebate) 675.00
KLm KT34XA 469.00
KT34A 309.00
144-14816C 89.95
DRAKE TR5 995.00
TR7A 1495.00
R7A 1450.00
AEA CKI 115.00
CK2 89.00
MBA-RO 269.00
MBA-RC 349.00
ROCKWELL KWM380 2795.00

COLLINS HIS/N, Mods
Accessories 10% Off List
KENWOOD Complete Line Call
AMPHENOL Silverplate PL259 1.00
SAXTON 450 OHM Open Wire
Ladderline 20¢/ft
BELDEN 9405, 8214, 9258, 8267
9251 RG 8A/U 45 ¢/ft

HAL CWR685A
+ Keyboard 875.00
CT2100 699.00
KB2100 169.00
World Radio TV Handbook
16.50 ppd. UPS
HYGAIN TH7DX 349.00

10% Off Curtis, Sherwood, Palomar
BUTTERNUT HF6V Vertical 100.00
TONNA FOFT, 9 EL 2 Meter 30.00
KANTRONIC Minireader 249.00

MicroRTTY 249.00
ANTIQUE Rare Tubes Calll
MOSLEY Antennas Call
45

MASTERCARD VISA
Ail prices fob Houston except where indicated. Prices
subject to change without notice, all items guaranteed
Some items subject prior sale. Texas residents add 6%
tax. Please add sufficient postage, balance collect

MADISON

Electronics Supply
1508 McKinney
Houston, Texas 77010
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Free UPS shipping 2 locations open Mon-Sat
on orders over 10 am 'til 6 pm
$100.00 Thurs & Friday 'til 9 pm

Mich. res. add 4%

PKENWOOD
R.L.DRAKE

[€3][iIcCOM

Nolen-ee
YAESU
MF AND MORE!

CALL FOR QUOTES

HD73 ALLIANCE
$99.95

TR8400 KENWOOD
$385.00

3TBA HUSTLER
$189.95

MFJ 989
$269.95

HAM 2 locations
1207 W. 14 Mile Road, Clawson M| 48017

R S E 313-435-5660
SHACK 31155 Plymouth Road, Livonia M| 48150

313-522-4232 w117

Introducing

YOUR OWN

" 4‘{ v
0; A AUTOPATCH FOR

MoBILE CONNECTION SIMPLEX OPERATION
ONLY

e $169%

Wired and Fully Tested
$219.95 ¢ Shipping $3.50
YT Y iNUS.A ¢ NYS.
Residents add appropriate
sales tax

Hundreds already in operation » Call anyone—anywhere—anytime

OIO«{U (0-«((' u:An

NOVAX interfaces your standard 2 meter, 220; 450; etc. base station and DTMF
(Touchtone) Telephone, using a high speed scan switching technique so that you
can direct dial from your automobile or with the HT from the backyard or poolside

automatically. Easy installation. Ringback (reverse autopatch) option available
for $29.95 kit—$39.95 factory wired

+ SMALL SIZE—(5" x 6" x 2") + EASY INTERFACING with radio audio
« STATE OF THE ART & squelch circuit

CIRCUITRY 12-16 V.D.C + SINGLE DIGIT CONTROL
+ ADJUSTABLE ACTIVITY TIMER connect and disconnect)

(clears out it mobile is out of range) * 3 MIN. CALL DURATION TIMER

TO ORDER—SEND Check—Money Order (MasterCard or Visa accepted) to:
R.W.D. Inc., Oriskany, N.Y. 13424 or call (315)-829-2785 o 21




GOTHAM &

ANTENNAS -

SMALL LOT TRAP DIPOLES v 417
MODEL  BANDS LGTH  PRICE
TSL 8040  80.40 78 $49 95
TSL 4020 40.20.15 40 $47 95
SMALL LOT SHORTENED DIPOLES
L ]
SL 8010 80 40.20 75 $59 95
15.10
SL 160 160 130 $36 95
SL 80 80 63 $3595
SL 40 4015 33 $3495
FULL SIZE PARALLEL DIPOLES
FPD 8010 B8O 40 20 130 $49 95
1510
FPD 4010 40 20 15 t0 63 $44 95

NEW' PORTABLE VERTICAL'IDEAL FOR
APARTMENTS. CAMPING TRAILERS'
Folds to 5 Package No Radials Required

Fully Assembled Full Legal Limit 11 VSWR
MODEL  BANDS HGHT  PRICE
PV 8010 8010 13 $59 95
" PROVEN DESIGN GOTHAM ALL BAND
. VERTICALS
Vv 160 160 80 40 20 23 $39 95
o 15106
v 80 80 40.20 23 $37 95
L 1510.6
v 40 402015 10.6 23 $35 95

FAMOUS GOTHAM QUADS

w 2 Elements — 3 Bands Complete $119 95

CHAMPIONSHIP GOTHAM BEAMS
Full Size Complete from $79 95
DEALER INQUIRIES INVITED

call OR SEND LARGE SASE FOR CATA
LOG Shipping Diwpoles & Verticals
$2 50 USA:$7 00 Canada: $5 00 FPO. APO

Beams & Quads Shipped UPS or Freight
Collect Fla add 4°, Sales Tax

1415 First St. » Key West, FL 33040

r

MFJ CW COMPUTER INTERFACE

ou my

Saveass .=
sowan TRARSINY agcgive
aorr @

¥ODEL NPs-1200 RosusL B

A personal computer with an approprate
program can give you a complete and very ver
satile CW Keyboard/Reader. But you still need
intertace electronics to provide compatible signals
between your transceiver and computer

The MFJ-1200 CW Computer Interface pro
cesses {(noise limits, filters, detects, post filters
shapes, level shifts) the received CW audio from
your transceiver 1o provide a clean computer
compatible TTL or RS 232 level

It also takes the keyboard generated CW
(TTL or RS 232 output levels) from your computer
and drives high voltage keying circuits to key
your tube or solid state transmitter (300 V.,
10 mA max; + 300 V, 100 mA max)

Has tuning, transmit, and “ON" LEOs. Reverse
normal switch inverts output level to computer
U/OFF switch. 6x1%x3 in. Black. eggshell white

j

MFJ-1200 GENERAL PURPOSE

CW Computer Interface

Connects computer to transceiver. Converts received audio
to TTL/RS-232. Allows computer to key transmitter. For
use with your computer and CW Keyboard/Reader program.

Allows your rig to
‘“talk CW’’ to your
computer and vice versa.

$6995

aluminum cabinet. Requires 6 9 VAC or 110 VAC
with optional AC adapter, MFJ-1309AC. $9.95

Order from MFJ and try it — no obligation. If
not delighted, return 1t within 30 days for retund
(less shipping). One_year unconditional guarantee.

Order today. Call toll free 800-647-1800. Charge
VISA, MC or mail check. money order for $69.95
tor MFJ-1200 plus $4.00 shipping and handling

Use this MFJ-1200 to enjoy your computer as
a CW Keyboard/Reader. Call MF) or see dealer

CALL TOLL FREE ... 800-647-1800

Call 601 323 5869 for techmical information. or
der/repair status. Also call 601-323 5869 ontside

continental USA and in Mississippi ~ a7
M ENTERPRISES,
INCORPORATED

Box 494, Mississippi State, MS 39762

Hi Pro Mkl

LB-VHF-UHF REPEATERS SOON TO BE FCC TYPE ACCEPTED

AMATEUR DISCOUNTS AVAILABLE

SUPERIOR RECEIVER AND TRANSMITTER SPECIFICALLY
DESIGNED FOR REPEATER SERVICE

ADJUSTABLE TRANSMITTER POWER, FROM 1 TO 25 WATTS
MINIMUM OUTPUT WITH EXTREMELY COOL OPERATION. —
AUTOMATIC BATTERY BACK UP SYSTEM CAPABILITY WITH
BATTERY CHARGING AND REVERSE POLARITY PROTECTION

NOW WITH A FULL COMPLIMENT OF INDICATORS AND STA
TUS LIGHTS — 100°- DUTYCYCLE — ADVANCED REPEAT
ER SQUELCH SYSTEM NO CHOPPING, POPPING, OR ANNOY-
ING REPEATER KEY UPS DURING LIGHTNING STORMS. — DIE
CAST ALUMINUM R.F ENCLOSURES — SMALL SIZE 5'a X 19 X
13 — HIGH QUALITY LONG LIFE DESIGN

Pro RECEIVER AND TRANSMITTE

' & s

HI PRO TRANSMITTER
DESIGNED FOR REPEATER
SERVICE WITH EXCELLENT

AUDIO. STABILITY
HARMONLIC REJECTION
AND LOW

SIDEBAND NOISE

ADJUSTABLE
POWER
SMALL SIZE OuTPUT
UP TO 5 WATTS
LOW COST AASIY) N2

EXCITER BOARD
COOL OPERATION

THIS EXCITER IS USED TO DRIVE THE HI PRO 25 WATT
POWER AMPLIFIER AND BOTH ARE AVAILABLE KIT

MAGGIORE ELECTRONIC LAB.

NOW USED IN ALL HI PRO REPEATERS
ALSO AVAILABLE IN KIT FORM

HI PRO RECEIVER 'y
THIS RECEIVER IS THE
HEART OF THE REPEATER
AND BOASTS SUPERIOR
SQUELCH ACTION NEEDED
FOR THIS TYPE OF
SERVICE EXCELLENT
SENSITIVITY, STABILITY
AND SELECTIVITY

USE THIS RECEIVER
TO REPLACE THAT u .
TROUBLESOME RECEIVER

IN YOUR PRESENT

REPEATER EASILY ADAPTS

TO ANY SYSTEM

WRITE FOR COMPLETE SPECIFICATIONS ON OUR
FULL LINE OF ACCESSORIES AND LOWER COST
Hi PRO MK | REPEATERS

590 SNYDER AVE.
WEST CHESTER, PA. 19380

SMALL SIZE
* 37/8x61/8
& ® LQW COST

TELEX:
499-0741-MELCO

PHONE 215-436-6051
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IRAC V-] 2 METER 90 WATT OUTPUT

==z AMPLIFIER WITH 18 DB GAIN PREAMP

i +139.95"

FACTORY DIRECT PLUS SHIPPING

T - On
L

e d

E @ FREQUENCY range 144 - 148 MH:
@ DPERATION FM or SSB (completely linear) Class AB1
@ RF DRIVE | to 30 watts
* @ KEYING RF activated with high quality relays
TRAC ON E + DELUXE @ SSB operation buwit in delay
® POWER REQUIREMENTS typical 10 watts drve. 13 amps at 13.8 VDC
CMOS KEYER 1 POWER MEASUREMENT @ (DLE current 20 mills
100 AT13.8VDC = ® MOBILE or FIXED operation
90 ® PREAMP 18D8B gain mintmum
1 1 9 95 » P ® NOISE FIGURE less than 15 DB
] E 80 - ® PREAMP KEYING independent separately RF activated relays
2z K @ CONSTRUCTION wrap around alumimum heat sink 2 pieces
F4 0 360 degrees cooling
= 60 ® SIZE7 6"(d} x 3"(h) — WEIGHT 3 1bs 9
Features: Model TE-464 5 4 |MMen|rr)elsm(Pueur( J 3
T = 50
rue CW signal reproduction—Single signal recep =)
tion O 40 SPECIAL OFFER $ *
‘Removes all QRM and QRN <4 A A
- Digs out CW signal, decodes it with Phased Lock g 3 Matching Power Supply PLUS SHIPPING
Loop Tone Decoder then reproduces it with full & 20
operator control over Gain. Freq. Tone. Delay 0 3 I‘h:h:rn’:Ai%P:t:IVPmﬂ:; lbs size 8”{w} x 5”{h) x 6”(d
*All controls on front panel | A
*Freq control variable 300 Hz to 2500 Hz will match . ALL PARTS ANO LABOR WARRANTED ONE FULL YEAR
E0y ke j 12345678910  VJIOPL Amplifier $139.95 plus $3.00 shipping
‘LED flashes durning decoder operation N
-Operates in line with rig audio--leave in line on POWER INPUT IN WAITS YJ!S POWER Supply $99.95 plus $7.00 shipping
OFFIBYPASS POWER CHART Prices USA only
‘Built in speaker
"Headphones jack rear panel VISA, MASTER CHARGE, M.O. or C.O.D. e PHONE (713) 477-0134
’
*Battery or AC-adaptor. 9VDC operation
4 -J PRODUCTS, INC
* Deluxe CMOS Keyer--State-ol-the-art” CMOS cir V ’ Q 505 East Shaw, Pasadena‘ Texas 77506
2y SERVING THE ELECTRONICS INOUSTRY SINCE 1965

*Self-completing dots and dashes

*Both dot and dash memory

‘lambic keying with any squeeze paddle

*5-50 w.p.m

'Speed. Volume. Tone. Tune and Weight controls

' Sidetone and speaker

‘Semi-auto switch for bug or straight key

*Deluxe quarter-inch jacks for keying and output -

*Keys grid block or solid state rigs e MORSEM II TIcTM

THE MORSEMATIC KEYER BY
AEA HAS BEEN PROCLAIMED

X
NEW ... $139.95 BEST OF ALL PADDLE KEYERS

FRAG-ONE cill ON THE MARKET

PROCESSOR Now you can get all the features of the world’s first and still best microcomputerized
keyer at a 30% reduction in price. The new model MM-2 has all the outstanding
features of the MM-1 predecessor such as dual microcomputers with copywritten
$89 95 software, 500 character soft-partitioned™ memory with editing, exclusive beacon

[ mode, exclusive automatic speed increase trainer mode, and exclusive automatic
serial number generator. in addition, the MM-2 comes complete with CMOS memory
and provisions for internal memory keep alive battery. The MM-2 operates from

Frac « One

o

Features: Model TE 424 external 12 VDC at approximately 350 Ma.

*True CW signal reproducticn—Single signal recep ACCESSORIES:

“Removes all QRM and GAN Model AC-1 600 Ma 12 VDC Wall Adaptor . .............. ... .....$1495
*Digs out CW signal, decodes it with Phased Lock Model ME-2 Memory Expansion (2000 Total Morse Characters) ... .. .. . $39.95
Loop Tone Decoder then reproduces it with full op 3 : .

erator control over Gain, Freq, Tone. Delay If you have hesitated buying the best because of price, you need to wait no longer,
* All controls on front panel the best is now available in an improved form at a price you can afford.

*Freq control vanable 300 Hz to 2500 Hz will match ‘

any rig PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

' LED flashes during decoder operation

*Operates in line with rng audio—leave I1n line on call or visit: New Jersey’s Largest Ham Store

OFF/BYPASS

s R Radios Unlimited
*Battery or AC-adaptor, 3 VDC operation v 76 1 760 Easton Avenue

SEND FOR BROCHURE ON (E)EREEJ‘;:;.:‘FSSE;ECS'I’ L;:fe Somerset N J ) 08873 B

1106 RAND BLDG. Brings you the (201) 469-4599
n A BUFFALO. NY 14203 Breakthrough! (800) 526-0903

(716) 852-8188
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HAZER

o

LEVEL
-«

& INSTRUCTIONS

§279%

TOO OLD--TOO SCARED—-TOQ TIRED
TO CLIMB?

8 RAISE OR LOWER ANTENNA TO GROUND

8 SIMPLE AND EASY TO INSTALL AND USE

8 MADE OF 6061 STRUCTURAL ALUMINUM

8 FOR ROHN 20 AND 25 TOWERS

8 COMPLETE WITH WINCH, CABLE, HARDWARE

‘/l/é\

4

/' 816-882-2734

BOX
BOONVILLE, MO 652

/

MARTIN ENGINEERING

*PLUS FREIGHT, & TAX. TOWER, ROTATOR, ANT-NOT INCLUDED ~ + 134

A TRUE STATE-OF-THE-ART
COMMUNICATIONS TERMINAL!

NEW
M-500
ASR

from

INFO-TECH

$1475.00

(with 12” Monitor)

$180.00

MEMORY EXPANSION BOARD
(10K of Memory)

For use by amateur radio operators in the
transmission and reception of RTTY (ASCII &
Baudot) and Morse code. Microprocessor con
trolled with 20K of memory (8K ROM. 8K RAM
4K video RAM)

User programmable messages, Sel-Cal
WRU, mailbox, real time clock, large running
buffers, butfers for printers, basic word prc
cessing for on-screen editing, full and halt
duplex, cassette tape interface, split screen
formats, ASCII or Baudot printer outputs, auto
start, push to talk, accessory switches. provi

Order direct or from these dealers

Diatta Amateur Radio Supply
212 481h St

Carlton

5640 S.W. 116th Ave
Miami Florida 33173
(30%) 271-3675

Colmay Products

14903 Beachview Ave

White Rock, 8 C  Canada V4B1N8
(604) 536-3058

(605) 343-6127
Electronic Equipment Bank
516 Mill St

Vienna, Virginia 2218
{703) 938-3350

INFO-TECH cupvenr
Manufactured by 35

DIGITAL ELECTRONIC SYSTEMS, INC.
1633 Wisteria Court ® Englewood, Florida 33533
813-474-9518

Rapid City. South Dakota 57701

(contains mailbox systems)

ions for battery back-up, many other features
The M-500 consists of three parts
1. KEYBOARD. Connected to mainframe by
5-ft. umbilical cord for maximum operating flexi
bility. Entire system keyboard controlied
2. MAIN FRAME. Houses 95% of the elec
tronics, all O jacks, power supplies, modulator
demodulators. Metal frame cabinet is tabie top
or rack mounted
12" VIDEO MONITOR. High quality to insure
undistorted video. provide flexibility for operat
Ing position placement

N & G Distributing

7201 NW 12th St

Miami_ Florida 33126
(305) 592-9685. 763-8170
Radio World

Terminal Building

Oneida County Airport
Oriskany. New York 13424
(315) 736-0470
1-800-448-9338

Ray's Amateur Radio

1590 U S Highway 19 South
Clearwater, Florida 33516
(813) 535-1416

Universal Amateur Radio

Giler Associates, Inc

52 Park Ave

Park Ridge, New Jersey 07656
(201) 391-7887

Global Communications

606 Cocoa Isles Blvd

Cocoa Beach Fiorida 32931
(305) 783-3624

Ham Radio Center

8343 Olive Blvd

St Lours. Missoun 63132
1-800-325- 3636

Memphis Amateur Electronics
1445 Wells Station Rd
Memphis. Tennessee 38108

1-800-238-6168 1280 Aida Dr
Reynoldsburg, Ohio 43068

Michigan Radio 4 :

:m?ig Mast (614) 866-4267

Mt Clemens. Michigan 48045
313) 469-4656

"MFJ KEYERS

Uses Curtis 8044 IC. lambic
operation, dot-dash memo-
ries, weight control, solid
state keying. RF proof.

ol ——

l 56666 $7Q95

The MFJ-408 Deluxe Electronic Keyer sends
iambic, automatic, semi-automatic, manual. Use
squeeze. single lever or straight key

Speedmeter lets you read speed to 100 WPM

Socket for external Curtis memory, random
code generator, keyboard. Optional cable, $4.95

lambic operation with squeeze key. Dot-dash
insertion. Semi-automatic “bug” operation pro
vides automatic dots and manual dashes

Dot-dash memory, self-completing dots and
dashes, jam-proof spacing, instant start. RF proof.

Solid-state keying: grid block, solid state xmtrs

Front panel controls: linear speed, weight
tone, volume, function switch. 8 to 50 WPM

Weight control adjusts dot-dash space ratio;
makes your signal distinctive to penetrate ORM

Tone control. Speaker. Ideal for classroom

Function switch selects off, on, semi-automatic/
manual, tune. Tune keys transmitter for tuning

Uses 4 C-cells, 2.5 mm jack for power (6-9
VDC). Optional AC adapter MFJ-1305, $9.95

Eqgshell white, walnut sides. 8x2x6 inches

MFJ-406, $69.95, like 408 less speedmeter

549°°

New MFJ-401 Econo Keyer Il gives you a
reliable, full feature economy keyer for squeeze
single lever or straight key

Has sidetone, speaker, volume, speed, internal
weight and tone controls. Sends iambic, auto
matic. semi-automatic, manual. Tune function
Dot-dash memories. 8-50 WPM. “On” LED. Use
9V battery, 6 9 VDC, or 110 VAC with optional
AC adapter, MFJ 1305, $9.95. 4x2x3'2"

Reliable solid state keying. Keys virtually all
solid state or tube type transmitter

30, 564

MFJ-405 Econo Keyer Il. Same as MFJ-401
but has built-in single paddle with adjustable
travel. Also jack for external paddle. 4x2x3'/2"

Optional: Bencher lambic Paddle, $42.95;
110VAC adapter. MFJ 1305, $9.95 Free catalog.

Order from MFJ and try it. If not delighted
return within 30 days for refund (less shipping)

One year unconditional guarantee,

Order yours today. Call toll tree 800-647-1800.
Charge VISA, MC. Or mail check, money order
Add $4.00 each for shipping and handiing.

CALL TOLL FREE ... 800-647-1800

Call 601-323-5869 for technical information, or
der/repair status. Also call 601-323-5869 out

side continental USA and in Mississippi. .27
MF ENTERPRISES,
INCORPORATED

kBOx 494, Mississippi State, MS 39762j

~See List of Advertisers on page 114
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Crime-Stoppers’ Textbook

—rules of thumb for would-be gumshoes

Robert C. Diefenbach
2402 Lauderdale Drive, NE
Atlanta CA 30345

N o one seemed to
notice the tan car that
stopped at the quiet corner
only long enough to drop
off a tall, casually dressed
young man. As the car
drove unhurriedly away,
the young man began walk-
ing past the neatly trimmed
yards looking —carefully
looking—at each house as

he passed. No one seemed
to notice.

But the driver of the car
with amateur radio tags did
notice, and a few minutes
later also noticed the same
tan car stopped in the
shade of a clump of low
pine trees in a nearby
church parking lot. The
car’s hood was raised. Its
driver, standing in front
with one foot resting on the
bumper, was making some
unseen adjustment to the

B.M. Gray Il.
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idling engine. He appeared
impatient as he glanced at
his wristwatch.

Driving past the parking
lot, the ham noted the
dented left front fender on
the tan car and the driver’s
blonde hair and blue foot-
ball-style jersey. And more.
By the time he pulled his
car to an easy stop midway
down the next block and
reached for the micro-
phone clipped to the dash-
board, he knew exactly
what he would say to the
police dispatcher.

It took only moments to
place the call through the
repeater phone patch.

The dispatcher’s voice
was crisp. ““Police emer-
gency.”

“l want to report a suspi-
cious car and persons on
Thomason Drive. | suspect
they are planning a bur-
glary.”

“Stand by.”

There was nothing re-
markable about this series
of transmissions or others
like it, heard infrequently
on the amateur and busi-
ness radio bands, except
that they are heard very in-
frequently in proportion to
the potential criminal activ-
ities witnessed by drivers of
radio-equipped vehicles.
Law-enforcement agencies
wish fervently that there
were more civilian radio
exchanges like this one.
They need all the help they
can get.

There are only 2.1 full-
time law-enforcement offi-
cers per 1000 US citizens,
according to the latest

figures released by the Fed-
eral Bureau of Investiga-
tion. These men and wom-
en do their best in the
face of an alarming in-
crease in serious crime,
but they are, as a group,
vastly overworked. Since
1971, property crimes (bur-
glary, larceny-theft, and
motor-vehicle theft) have
shot up 54 percent nation-
ally. Violent crimes (mur-
der, forcible rape, and ag-
gravated assault) have risen
60 percent. In just one year,
from 1979 to 1980, burglar-
ies and robberies rose 14
and 18 percent, respec-
tively.

As federal, state, and lo-
cal governments tighten
their belts in the current
wave of budget and tax re-
visions, there is not likely to
be much—if any—increase
in the number of profes-
sional crime fighters in
most jurisdictions. There is
a clear and growing need
for appropriately-con-
trolled civilian involve-
ment.

Special Agent Edward )
Tully of the FBI points out
that “there has been a ten-
dency for civilians to forget
their responsibility for ef-
fective law enforcement.
Clearly, police departments
cannot do the job alone.”
Tully is acting academic
dean of the FBI Institute in
Quantico, Virginia, where
police officers from cities
of all sizes are trained
alongside federal and state
agents and policemen and
-women. ‘“‘Citizens with ac-
cess to mobile two-way



radios, or ham radio oper-
tors, can be of significant
assistance,” he said

Sanford H. Smith, a lead-
ing national figure in public-
safety communications,
agrees wholeheartedly
“The present trend in our
country is towards self-
help. Increased citizen in-
volvement in law enforce-
ment is a natural part of
that trend.” Mr. Smith is
Director of Communica-
tions for the city of Greens-
boro, North Carolina, presi-
dent of the Land Mobile
Communications Council,
and immediate past-presi-
dent of the Associated Pub-
lic Safety Communications
Officers, Inc. “When we
feel we have done some-
thing for our community
and our fellow men, there is
a huge personal reward,”
he adds

When the FBI and any
other law-enforcement
agency solicit civilian help,
they are definitely not sug-
gesting that the civilians
“play policeman.”” That is
the very last thing authori-
ties want and is probably
the best way a civilian
could pick to become a
part of the problem instead
of the solution! What is
wanted and needed is re-
sponsible, reliable observa
tion and reporting of poten-
tial or actual criminal activ-
ities, and NOT vigilantism
or other unauthorized di
rect involvement

Professionals in law-en-
forcement communica
tions —‘‘sworn’’ officers
and civilians alike —agree
that radio-equipped volun
teer observers’ reports are
valuable. They stress that
these reports are more valu-
able when the observers
have been trained, even
minimally, by their local
police departments

The concept is endorsed
by The Crime Prevention
Coalition, a group of almost
50 prestigious national or-
ganizations whose com-
bined e