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hat To 
ok For In A 

hone Patch 
16, hest way to deride 
)at patch is right for you b to first decidv what a 

~ t c h  should do. A patch 
iould: 

Give complete control to 
the mobile. allowing h ~ l l  
break in operation. 

Not intcdere with the 
normal operation crf your 
base  station. I t  should 
not require yorl to con- 
nect and disconnect cab- 
les (or flip switches!) 
every time yo11 wish to 
use your radio a s  a nor- 
mal base station. 

Not depond on  volume or 
sq~lelch settings of your 
radio. I t  should work the  
s a m e  regardless of what 
you d o  with tlirse con- 
trols. 

You should he able to 
hear  vour base station 
speaker with the  patch 
installed. Remember, you 
have a base station be- 
cause there a re  mobiles. 
O N E  O F  THEM MIGHT 
NEED HELP. 

' The patch should have 
s t a n d a r d  features  a t  
no  extra cost. These 
should include program- 
mable toll restrict (dip 
switches). tone or  rotary 
dialing, programmable  
p a t c h  a n d  a c t i v i t y  
timers. and front panel 
indicators of channel and 
patch statrls. 

ONLY SMART PATCH 
HAS ALL OF THE 
ABOVE. 

Vow Mobile 
Operators Can 
Enjoy An 
4fforda ble 
Personal Phone 
Patch. . . 
* \L'itIiout nn c.xpv~isivc~ 

rt'pea t tBr . 
* Il\inq ntiv I'M tranceiver 

a s  a h d s ~  5talion. 
1 711~. st,crrt is .I SIMPLf'X 

autopi~tcli .  Tlic, SMART 
PATCH. 

SMART PATCH 
Is Easy To Install 
To insti~ll SMART f'A7'CH. 
;onnc,ct the nit~ltieolorocl 
'oniputer stvlc. nhho~i  c i~hlc~ 
[ I )  niic autlio. recriver 
rliscrirnini~tor. f'm, and 
[rower, ,\ t i iocl~~lar plionc~ 
cord is ~)ro\'id(.d for c o ~ i -  
nortion to votlr ptionc> svs- 
ten). S o t ~ n d  sinil)l~*'? . . . 
IT IS! 

How To U s e  
SMART PATCH 
Pl:tcirig a ciill is sitiiple. 
Sr~rid your access code 
from your mobile, (exani- 
ple: '73). This brings up 
the  Patch and you will 
hear  dial tone transmitted 
from your base station. 
Since SMART PATCH is 
chvcking about one(, per 
second to see if you want 
t o  dial. all you haw. to d o  
is key your transmitter. 
t h rn  dial the phone num- 
ber. You will now hear  
tt11, phone ring and sol..e- 
one answer. Since the en-  
hanced control system of 
SMART PATCH is con- 
stantly checking to see  if 
you wish to talk. you need 
to  simply key your trans- 
mitter and  then talk. 
That's right. you simplv 
key Vour transmitter to 
intc~rrupt the phone line. 
The  base staliori d ~ t t o -  
matically stops transmit- 
ting after you kev your 
mic. SMART PATCH does 
not require any special 
tone equipment to  control 
your base station. It sani-  
ples v e y  high frequmcy 
noise present a t  yollr 
receivers discriminator to 
determine if a mobile is 
present. No words or sylla- 
bles a re  ever lost. 

SMART PATCH 
I s  All You Need 
To Automaticalh 
Patch Your Base 
Station To Your 
Phone Line. 
l SMAH7 PATCH for: 

Mobile (or rcvnotc, Ijase) 
to phone line via Siniplc,x 
lrase. (s('P fig 1 .) 
Mobile to Molrilc) via in- 

, . trwwnnected has(' sta- 
tions Cbr c~xtendc~d rang(,. 
(5('(' fig. 2.) 

Telephone line to mohiie 
(or rt~niott, hasp). 

. .  . ?  SMART PATCH uses 

. n"!, o n r ?  I,.. 
SIMPI.EX BASE STA- 

. . . . . - . TION f'QUI1'Mf:NT. 1Jw 
vour ordinarv base s ta-  
tion. SMART PATCH 
does this without inter- 
fvring with the normal 
11se of your radio. 

WARRANTY? 
Yf:S. 180 days (rf u,arran- 
tv protec-lion. You simply 
ciin't go wrong. 
An FCC type accepted 
cc~uplclr is available for 
SMART PATCH. 

Communicatians Electronics Specialties, Inc. 
I>. ( ) .  l{ox 2030. \L'ititvr llnrl<. 1.Ioridi1 32790 
Tc~lelrllonc~: (305) 645-0473 Or call toll-free (800)327-9956 
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You touch. It holds. 

$129* gets you the world's first It's the top model in the world cham- FROM T H E  WORLD LEADER 
handheld digital/analog pion Fluke 70 Series line - the first IN DIGITAL MULTIMETERS. 

multimeter with "Touch Hold.'' industrial quality autoranging multimeters 
The Fluke 77 to combine digital and analog displays. 

Itsunique "Touch Holdw** function These tough, American-made meters fea- 
automatically senses and holds readings, ture a three-year warranty and 2000+ 
leaving you free to concentrate on posi- hour battery life. 
tioning test leads without having to watch So call now for the complete story on 
the display. the Fluke 77 with "Touch Hold:' Because 

Then, when vou have a valid readina, it if vou don't deserve the world's first, who 
signals you with an audible beep. 

The Fluke 77 is perfect for those test 
situations where accessibility is a problem, 
or when extra care is needed for critical 
measurements. 

in-the world does? 
For the name of your distributor or a 

free brochure, call our toll-free hotline 
anytime 1-800-227-3800, Ext. 229. 
From outside the U S., call 1-402-496-1350. Exl. 229 

FLUKE 73 FLUKE 75 
Kt'?,' ; . i '  

lPil l!:!,llV 1fC,l 

A~~liirange ~~,!JIII, .unl~nu~ty 
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taking care of business 
There are some controversial arguments to be made in behalf of software piracy. These are some of 
the arguments we've heard: 

Software is overpriced. Piracy gets it into the hands of users at prices they can afford. 

Piracy encourages the development of new and improved programs to meet the rising 
expectations of a sophisticated (and possibly saturated) market. 

As pirated programs circulate, product visibility and name recognition are enhanced. This 
helps manufacturers market current and future products. 

Software piracy is no more than a logical extension of the problem of trying to protect 
copyrights in the audio and video industries. As such, i t  can't be stopped. 

One industry maverick even claims that by providing real competition to software manufacturers, piracy 
actually helps keep software prices down.' 

It occurred to us that similar, even identical, arguments could be made in defense of burglary. Burglary, 
after all, provides part-time employment to some (the burglars) and full-time employment to many (the 
police). It supports free enterprise and R&D - in security systems, insurance, medical care, and penology. 
It also gets consumer goods into the hands of users at a price they can afford. 

We understand that nobody cares more about copyright law than those whose livelihood is directly af- 
fected by copyright infringement. Publishers - of books, music, software, and magazines - care very 
much, because illegal reproduction of thier product affects their ability to continue producing that pro- 
duct. Is it unreasonable to ask or expect the general public to care? Perhaps. But we think it's not 
unreasonable to ask the Amateur Radio fraternity to care. 

We asked one software publisher how many hours his firm had invested in the development of a pro- 
gram for CW/RTTY/ASCII transmission and reception. "Thousands," he said, and explained that it had 
taken the firm's chief programmer six months of full-time effort to develop the program. Add to this the 
cost of support services and debugging; of developing associated hardware; of writing clear, comprehen- 
sive manuals; and of advertising and overhead. Suddenly the $29.95 or even $99.95 price tag on a package 
of Amateur Radio software becomes a little more understandable. The software pirate, on the other hand, 
needs nothing more than a computer, a disk drive, a supply of disks, and access to a photocopier for 
duplicating original documentation to go into business. 

Some consumers don't know that unwrapping a package of software constitutes acceptance of a limited 
license to use the program inside. We'd like to think that anything we buy is ours, to do with what we 
will. After all, we can buy a Hershey" chocolate bar and share it with a friend, but we can't take it home, 
duplicate the recipe, pour our own chocolate bars, stamp them with Hershey's good name, and sell them 
as our own. The license to use isn't a license to steal. 

The fact is that none of the manufacturers who serve the Amateur Radio market exclusively, or nearly 
so, are listed among the Fortune 500. Some are virtual mom-and-pop operations. Others are small groups 
of entrepreneurs. A few have grown and diversified. Many have prospered. But there's not one among 
them who can afford to keep fighting software piracy without sacrificing continued investment in new 
products. 

Every dollar the Amateur Radio software industry spends fighting piracy is a dollar that can't be invested 
in R&D. If we want products that can keep pace with our rapidly expanding interest and needs, we'd best 
put our money where it can help make the difference - not in some pirate's pocket. 

Dorothy Rosa, KAILBO 
Assistant Editor 

1. "Can Software Makers Win the War Against Piracy?" Business Week, April 30, 1984. 
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ADDITIONAL PHONE BAND FREQUENCIES WILL BECOME AVAILABLE on September 1, following the 

Commission's adootion of a turther Reoort and Order on PR Docket 82-83 July 18. The new 
phone subbands will be exactly as proposed in the FCC's Further Notice of proposed Rule 
Making that came out over a year ago: for 75 meters, 3750-3775 kHz, Extra; 3775-3850 kHz, 
ExtraIAdvanced; 3850-4000 kHz, Extra/Advanced/General. On 15, 21200-21225 kHz, Extra; 
21225-21300 kHz, ExtraJAdvanced; 21300-21450 kHz, General as well. For 10, the phone band 
bottom edge was moved down to 28300 kHz for all three license classes. 

40-Meter Phone Was Unchanged For Continental U.S. Amateurs, but Amateurs in Alaska and 
the Pacific were given 7015-7100 kHz to make their operation compativle with Amateurs in 
ITU Region 3 and avoid Region 3 short wave broadcasters on 40 meters high end. 

THE VULNERABILITY OF 220 MHz TO TAKEOVER BY ANOTHER SERVICE was sharply underscored by 
FCC Private Radio Bureau Chief Bob Foosaner at the July 21, m C  ARRL National Convention's 
FCC Forum. His remarks and resoonses to questions left listeners little doubt that Amateur 
use of Dart of the band. ~robabiv the bottom 2 MHz. could end in the verv near future 

220 MHZ For ~ommerci~l'Users kas Also Addressed'in a petition filed with the FCC in 
late June by the Land Mobile Communications Council. In its petition the LMCC, a trade 
group of 2-hay users and manufacturers, reviewed various spectrum options for the ever- 
increasing needs of the land mobile service. 220-225 MHz was cited due to its "relatively 
low" Amateur activity along with its availability to land mobile in ITU Region 2. 

THE ARRL WAS APPOINTED A VEC IN ALL 13 DISTRICTS in a ceremony at the ARRL National 
Convention in New York July 21. The proposal accepted by the FCC was actually the ARRL's 
second; its earlier proposal had raised questions about the "Chinese Wall" between League 
publishing efforts and its VEC administration, but the new one (submitted only July 20!) 
cited organizational changes which seem to adequately isolate the two League activities 
from each other. Now that exam fees are permitted, ARRL-sponsored hamfest exams are planned 
in September. However, League exams for individuals still won't be available until November 

Exam Fees Up TO $4 Were Authorized B The FCC Jul 12, when the Commissioners acted on 
DocEt 84-265. Justification of VEC fe: scheules wiYl be required; in the beginning, VEC's 
must estimate the cost of their programs, then set their fees by dividing that cost by the 
projected number of examinees. They're then required to maintain proper expense records; 
if the fees later turn out to be higher than actual costs, the "excess" must be returned by 
adjusting fees for later applicants downward an appropriate amount. VEs as well as VECs 
will be permitted to recover their costs, with division to be settled between them. Fees 
may be collected after August 31, but there is no requirement that fees must be charned - 

.~eVry Is Considering ~ p p l y i n ~ . ~ o r  VEC Status In seven More Districts, through D ~ v ; ~  
Amateur Radio Society members on its campuses in those districts. The school has been well 
pleased with the results of the society's VEC program on its Chicago campus, and feels the 
program would be a worthwhile addition for the other DeVry schools as well. The additional 
campuses are in Los Angeles, Phoenix, Kansas City (Missouri), Atlanta, Columbus (Ohio), Dallas, 
and Woodridge, New Jersey. The DeVry campuses in these cities would be able to offer regularly 
scheduled walk-in exams, as Chicago already does, plus support and even testing facilities for 
VECs already in place if they wished to use them. DeVry-administered VE groups are now giving 
exams in various parts of Illinois and Indiana, and DeVry gave its first Advanced Class exam 
in Chicago on July 24. 

VEC ~Istrict 13, The Pacific, Should Have A Resident VEC very shortly thanks to the Koolau 
(Hawaii) Amateur Radio Club. Now that the ARRL has also been certified, all 13 districts 
have at least one resident VEC. 

New Identifiers For Amateurs Upgrading In The VEC Program have been adopted by the Commis- 
sion for August 31 implementation. These are /KT for Technician, /AG for General, /AA for 
Advanced, and /AE for Extra. The unique session identifiers are being dropped. 

PERMISSION TO BROADCAST ON 40 METERS FROM GUAM is being sought by Trans-World Radio Pacific, 
a relinious broadcaster. Guam is in ITU Region 5 .  which allocates 7100-7300 kHz to broad- 
casters, but the FCC has not previously licensed 40-meter broadcasting in areas under its 
jurisdiction. Comments on the proposal, RM-2959, are due in mid-September. 

Clarification Of ~roadcasters' use Of Amateur And CB ~ommunications is being sought in 
RM-28-30, proposed by the Commission July 12. The proposal would relax present Part 73 and 
97 requirements that Amateurs and CBers give prior permission before their communications 
could be rebroadcast. Reporters, however, would still not be permitted to operate an Amateur 
station for news gathering. The Comment period ended in mid-August. 

TWO AMATEUR RADIO OPERATIONS FROM SPACE SEEM LIKELY IN 1985, as W5LFL has been named a 
crew member for S ~ a c e  Shuttle Mission 51H. scheduled for next November. W00RE is alreadv 
scheduled for ~ission 51F in March, and indications are that NASA is reacting favorably to 
thejointARRL/AMSAT proposal that Amateurs on future shuttles be permitted to operate. 

AN AMATEUR RADIO AUXILIARY HAS BEEN FORMED BY THE FCC's FIELD OFFICE BUREAU, in conjunc- 
tion with the ARRL's Communications Deoartment. Assistance in monitor in^ and rules enforce- 
ment will be the major focus of the neb Auxiliary, which, like the VEC p;ogram, is a result 
of Senator Goldwater's bill. Like the VEC program, coordination with the FCC will be through 
regional or national Amateur organizations. ARRL is the first such group to sign up. Indi- 
vidual Amateurs interested in joining the Auxiliary should contact John Lindholm at ARRL or 
Elliott Ours at the FCC, 1919 M Street N.W., Room 744, Washington, D.C. 20554 (202) 632-7090. 
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May I suggest an improved method 
that we use aboard ship? First wrap the 

ments connector with self-adhering rubber 
tape (3M or similar), extending the 
tape approximately 2 inches past the 
connector end. Next, wrap in a similar 
fashion with regular plastic electri- 
cal tape. Then apply several coats of 
ScotchkoteTM (3M) weatherproofing. 

This technique has proven very ef- 
fective in this most demanding en- 

ground rod resistance vironment. Years later, it is a pleasure 
In the interest of brevity, Mason to remove this "cocoon" with one slice 

Logan, K4MT, intentionally omitted of a knife, and find a shiny connector 
a detailed step in the derivation of as good as it was on the day of 
the equation shown in Appendix A installation! 
of "Ground Rod Resistance" (July, Scott W. Barber, WAZDRL 
1984, page 95). For readers who USS Trenton (LPD-14) 
wish to follow the progress of this 
derivation without interruption, 
K4MT has prepared an addendum ground plane loop 
to his article, available upon request Dear HR: 
from ham radio. Enclose a business- I would like to call attention to a 
sized SASE. Editor conflict in the details given in Bill Orr's 

February, 1983, column of the ground- 

modular receiver plane loop antenna. Both the drawing 
(fig. 1) and the text indicate that the 

Dear HR: semicircle is to be 0.2 wavelength 
Since publication of ""Y article, "A long. ln contrast, table 1 shows the 

Modular Two-Band Receiver," in July, dimension to be O.l wavelength. The 
1983, 1 have received and answered article in CQ-DL clarify this 
well over 150 inquiries. either. 

It seems there is quite a bit of inter- C.T. Atherton, WDGDUD 
est in construction articles about com- Bell, California 
munication receivers. I have had letters Mr. is correct. This same 
from all states and from India, South conflict appears in all three references 
Africa, Australia, New Zealand, and radio, Radio Communication and 
several other countries. CQ-DL). Do any readers know what 

Over the past year# the correct tap distance should be? 
minor errors in the article have come 
to light. These errors have been cor- 
rected in an errata sheet available from software piracy 
ham radio (send SASE). Dear HR: 

James J. Forkin' WA3TFS There is a problem in the Amateur 
Pennsylvania Radio fraternity: software piracy. 

seaworthy sealant 
Dear HR: 

I enjoyed Bill Orr's column in the 
January issue in which he explained 
the realities of coaxial cable construc- 
tion. I was horrified, though, when he 
suggested use of RTV sealant for 
weatherproofing coaxial connectors. If 
you've ever tried to remove that stuff 
years later, you know what I mean. 

Whether by ignorance or simple dis- 
regard for the law, many Amateurs are 
stealing copyrighted programs. Most 
do not consider their theft a crime or 
a serious problem, but unless this prac- 
tice is discontinued Amateur Radio will 
suffer. 

With the influx of computers into 
the hobby a degree of software piracy 
was inevitable. Unfortunately the pro- 
blem has become a blemish on 

Amateur Radio. Thousands of dollar: 
have been spent in litigation involving 
sofhvare piracy outside the hobby, and 
I had hoped Amateur Radio would 
police the problem internally and no1 
require legal action. Sadly this is not 
the case. 

I recently confronted two hamfest 
exhibitors who were selling copies of 
a Kantronics program. These people 
were copying and selling our programs 
to any Amateur willing to pay the 
price. I bought one of the programs for 
evidence and informed the seller that 
legal action would be taken. This seller 
was not a ham, but those buying the 
program were. We have several other 
examples of programs copied and 
sold. 

There are a few simple steps we can 
all take as those interested in seeing 
the problem solved. 

1. Never buy copied software. 
2. Report pirates to the software 
manufacturer. 
3. Don't allow illegal sales at your local 
hamfest. 

Kantronics plans to prosecute those 
who steal our programs, as we have 
in the past. But without the assistance 
of the entire Amateur community the 
manufacturers will not be able to stop 
pirates from stealing their profits. If 
manufacturers are not able to sell 
enough products to make a profit 
other new and improved programs will 
not be written. Don't let the greed of 
a few deny the hobby of future expan- 
sion. Let's throw the bad apples out 
before they ruin the whole barrel. 

Mike Forsyth 
Marketing Director 

Kantronics, Inc. 
An Ohio-based dealer charged with 

selling pirated Amateur Radio and 
other types of software at a Michigan 
hamfest has been fined $2000 for viola- 
tion of United States copyright law. In 
its July 17 decision, the federal court 
in Toledo awarded damages to Kan- 
tronics, who initiated the suit, and 
issued a permanent injunction against 
further production and distribution of 
the illegal software. 

- Editor 
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FREE MFJ SOFTWARE 
Free MFJ RTTY /ASCII ICW software for VIC-20 or C-64 with purchase of 
MFJ-1224, MFJ-I225 or MFJ-1228 from MFJ. Sendlreceive Baudot, 
ASCII, CW. Type ahead buffer. 24 hour clock. Supports VIC printer. Menu 
Driven. MFJ-I22411225 cable. On tape. Available separately for $29.95. 

h 

RTTY / ASCII / 
AMTORICW 

UNIVERSAL RTTY/ASCII/AMTORI 
INTERFACE 

CW COMPUTER INTERFACE 
Lets you send and receive computerized RTTY IASCII I AMTOR I C W .  Copier 

CARTRIDGE all shifts and all speeds. Copies on both mark and space. Sharp 8 pole active 

FOR filter for 170 Hz shift and CW. Plugs between your rig and VIC-20, Apple, 
TRS-8OC. Atari, TI-99, Commodore 64 or other personal computers. Uses 

VIC-20/C-64 MFJ-lt28 MFJ, Kantronics, AEA software and other R T T Y l C W  software. 

A 

INCLUDES MFJ-1228 SOFTWARE 0NTAPE.AOD An 
MF1 RTT'Y C;V 

VIC-20 OR C-64ANO k l ~  TO ENJOY COMPUTER- 
IZED RTTY/ASCII/CW. ORDER MFJ-1228/MFJ- - COWPVTFR lh'?FRFk~r 

Most veraatlle RTTY/ ASCII/AMTOR/CW Inter l a  *IC- 1%" ar u l 
f n e  u r t r l d ~ e  available for VIC-20 and Commodore l r u -  

'es, more 
than any othc 

~rformance, 
sr interface 

64 Gives you more featur 
more value for your money 
cartridge available. 

S a m  Inhrf8ce crrtfldge worw rw w m  
Commodore 64. Plugs into user's port. 

Chwrs fmm wlde nr la ty  of RTTY/ASCllKW. 
even AMTOR software. Not marrled to one on-board 
software package. Use MFJ. Kantronia. AEA plus 
other software cartridge, tape Or disk. 

VIC-20 and 

ma HZ and im HZ sh~ns on receive a d  transmlt. 
Ha: mrlr and spw  output^ for scope tunlng. 
Nonnal/Rsvmr wrltch eliminates retuning. 
True dual chrnnal mrk m d  a p l a  rc t lw f l b n  and 

automatic threshold correction gives good copy when 
one tone is obliterated by QRM or seiectlve fading. 

Easy, posltt~b tunlng wlth twin LED indlcatws. 
N a r m  WII Hz active CW fllter. Automatic PTT. 
Exrr 2206 sine generator for AFSK output. 
Shlslded XCVR A F S W P n  Intarlam t lM8  pmvld-. 

ad. Plus or minus CW keyed output. FSK out. 
Powend by computer (few ma.), no power adapter 

to buy or extra wire to dangle or plck uphadlate RFI. 
Olaurpaxy PCB.Aluminumenclosure.4'/ut4'/ul". 

UNIVERSAL SWL RECEIVE 
ONLY COMPUTER INTERFACE 
FOR RTTYIASCII IAMTORICW 

FREE MFJ RlTY/ASCII/CW Softwan, 
COMPLETE PACKAGE INCLUDES MFJ-1224. SOFTWARE ON TAPE. 
CABLES YOU NEED ONLY VIC-20 OR C-64 AND RIG TO ENJOY COM- 

IPUTERIZEO RTTY/ASCII/CW. ORDER MFJ-1224lMFJ-1264 FOR YIC-20. I 
IMFJ-l224/MFJ-1265 FOR C-64. 1 

New MFJ-1224 RTTYIASCII/AMTOR/CW Corn Autornrtlc trrcklno cootes . . - . . . . . . - - - . . . . . . - . . . . . . . . . . . 

puter Interface lets you use your personal computer Exrr 2206 sine ga-nentor 
as a comouter~zed full featured RTTY/ASCII/ AFSK tones. Standard 2125 
AMTOR/CW stat~on for sending and receiving. Plugs 
between rig and VIC-20, Apple, TRS-BOC. Atari. 
TI-99. Commodore 64 and most others. 

Use MFJ software lor VIC-20. Commodore 64 and 
Kantron~cs for Apple. TRS-80C. Atari. TI-99 and 
most other software for RTTY/ASCII/AMTOR/CW. 

Eaay, poslttw tuning with twin LED Indicatws. 
Copy m y  ahlft (170,425,850 Hzand all other shins) 

and any speed ($100 WPM RTTY/CW and up to 300 
baud ASCII). 

Coplm on bath mrk a d  apace, not mark only or 
space only, to improve copy under adverse condltlons. 

Sharp 8 pole 170 Hz shWCW wtlvl f l h f  give3 
good copy under crowded, fading ana weak signal 
conditions. Automatic noise ilmlter suppress statlc 
crashes for better copy. 

Nomul/Revsn8 awttch elimlnatbj retuning. +250 
VDC 1000 outout drives RTTY machlne. Speaker lack. 

MFJ-1225 . 
111 . . .- SUPER RTTY FILTER 

$69 95 16. ..:...em* . . 
MFJ-725 . . . . . . - . 

FREE MFJ R T T Y / A S C I I / C W  Sothrvs 
TAPE AND CABLE FOR VIC-20 OR CM. ORDER MFJ-1ZEd 
MFJ-17M FOR VIC-M OR MFJ-~~~S/MFJ-~ZFJS FOR CU. 

S u m  Rr rY  . ... ... 
Use your personal computer and communications flnb7'greatly 

recelver to recelve commerc~ai, m~iitary and amateur lmproves cow under 
RTTY/ASCII/AMTOR/CW traffic. crowded, fadlng and weak signal condlttons.lmpoves 

Plugs brtmn d w r  and VIC-20, Apple, TRS- any RTTY receiving system. 8 pole bandpass active 
80C, Atari. 11-99, Commodore 64 and most other filter for 170 Hz shift (2125/2295 Hz mark/space). 200 
personal computers. Requires appropriate software. or 400 Hz bandwidths. Automatic noise limiter. Audio 

Use MFJ. Kantron~cs. AEA and other RTlY/ in, speaker out jacks. On/off/bypass switch. "ON" 
ASCII/AMTOR/CW software. LED. 12 VDC or 110 VAC with optional AC adapter. 

C o p l a a l l a h l f b a d a l l ~ . T w l n  LED lndleatus MFJ-1312, $9.95. 34x1 inch aluminum cabinet. 
makes tuning easy, positive. N m a l / R m  swltch 
eliminates tunlng for lnverted RTTY. Spbaker out or Commodore 64.4%xl%x4% inches. 12-15 VDC or 
Jack. Includes cable to Interface MFJ-1224 to VIC-20 110 VAC wlth optlonal adapter. MFJ-1312, S.95. 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO 
OBUOATION. IF NOT DELIGHTED, RETURN WITH- 
IN aDAYS FOR PROMPT REFUND (LESSSHIPPING). 

One year unondttlwl guarantee Made In USA. 
Add $4.00 each shipp~ng/handling Call #wdt# MFJ ENTERPRISES, INC. 

hr fnr atalog, om 1 8  produch. Box 494. Misslssippl State, MS 39762 

; drifting signal. 
gives phase continuous 
Hz mark and 2295/2975 

Hz space. Microphone line: AFSK out. AFSK ground, 
PTT out and PTT ground. 

FSK keylng output. Plus and minus CW keying. 
CW transmlt LED External CW key Jack. 

Kantmnlcs compatlbis sockst. 
Excluslve general purpots socket allows Interfac- 

ing to nearly any personal computer wlth most appro- 
priate software. Available TTL lines: RTTY demod 
out. CWdemod out CW-ID Input. +5 VDC, ground. 
All signal lines are buffered and can be Inverted 
using an internal DIP switch. 

Use Galfo software with Apple. RAK with VIC-20. 
Kantronlcs w~th TRS-BOC, T i - 9 9 .  N4EU with TRS-80 
Ill. IV. Some computers with some software may re- 
quire some external COmpoflentS. 

Metal cabinet. Brushed alum. front 8xl%x6 in. 
12-15 VDC or 110 VAC w~th adapter. MFJ-1312.S9.95. 

MFJ-1223.529.06. R S - m  rdrp(w hr MFJ-1224. 
I 

CW INTERFACE CARTRIDGE 
FOR VIC-20 I C-64 
' Hlph prlomncr CW 

l n h r f m  cartridge Gives 
excellent periormance 

$ 39 95 under weak. crowded, noisy 
mndltlons. Works for both VIC-20 and Commodore 
64. Plugs into user's port. 

4 pale 100 Hz bmdwldth wtlvl flhf. 000 Hz 
center frequency. 3 pole actlve lowpass post detection 
filter. Excluslve automatic tracking comparator. 

Plus and mlnua CW koylng. Audlo in, speaker out 
lacks. Powered by computer. 

Includes Basic listing of CW transmlt/recelve pro- 
gram. Ava~lable on cassette tape. MFJ-1252(VIC-20) 
or MFJ-1253(C-64),$4.95and on software cartridge, 
MFJ-1254(VIC-20) or MFJ-1255(C-64).$19.95. 

You can also use Kantron~cs. AEA ather software. 
Also copy RTTY w~th s~ngle tone detect~on. 

TOOROERORFORYOURNEARE~ 
DEALER. CALL TOLL-FREE 

800-647-1800. call 601-323-5889 
ln Miss ana outside continental USA 
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Kantronics Interface II 
The Tnterface .For 

Appfle, A tar& TP-,a94A, TM-POC,  
k t 4  9 and Commodore 64 

&rn rrukrs 
-- - - - - -  

Suggested Retail Price 269.95 



Kantronics UTU 

Suggested Retail Price 199.95 

-m-- . . t 

Dr more information contact an Authorized Kantronics Dealer, 

or write: Kantr~niCS 
r /  180 

1202 E. 23rd street 
Lawrence. Kansas 66044 



the development of 
Amateur SSB: 

a brief history 

70 years of progress 
marks this familiar mode 

Single-sideband radio telephone transmission in 
the Amateur bands - even well into the VHF region 
- is taken for granted these days. But it wasn't always 
so. Many Amateurs remember the days when ampli- 
tude modulation with full carrier (AM) reigned 
supreme. (For some it still does - Editor.) 

While the era of Amateur SSB is generally con- 
sidered to have begun with an article published in 1948 
by Arthur Nichols1, much work was done well before; 
basic groundwork, in both theory and in hardware, 
was completed as early as 1933 by the ARRL and other 
groups. Unfortunately, much of this work was con- 
sidered too complex for the Amateur community, and 
was consequently not published. 

early history 
The earliest written analysis of an amplitude 

modulated signal consisting of a carrier and upper and 
lower sidebands separated by the modulating fre- 
quency was made by Carl R. Englund,in a paper dated 
August 19, 1914.* Englund who worked for the Bell 
System, recorded his analysis in his engineering 
notebook, but no record of what - if any - use was 
made of this information survives today. There is 
evidence that others were aware of the existence of 
sidebands, but Englund's analysis is apparently the 
earliest record to survive. In 191 5, for example, H. D. 
Oliver, a telephone company engineer working trans- 
atlantic radio telephone at NAA, the then-new Navy 
radio station at Arlington, Virginia, considered the use 
of SSB for solving the problem of communications. 
Oliver proposed to tune the antenna to eliminate the 
carrier and one sideband, which would have been en- 
tirely practical because the transatlantic tests were 

made at 5000 meters (60 kHz), where antenna Q s  are 
necessarily very high. But because the tests were car- 
ried out using AM, nothing appears to have come of 
this idea. 

The fact that SSB, with or without a carrier, was 
considered as a means of transmitting information im- 
plies not only knowledge of the existence of side- 
bands, but also of the fact that information is con- 
tained therein. 

No attempt was made to develop SSB for radio 
communication purposes at this time, probably 
because of the complexity of the receiver that would 
be required. State-of-the-art receivers in those days 
consisted of several stages of RF amplification - a 
detector followed by several stages of audio ampli- 
fication. Likewise, filter design, too, was primitive by 
today's standards. 

first SSB transmitted on a wire 
The only organization to demonstrate interest in 

SSB was the Bell System, which developed the tech- 
nique for long distance wire-line telephony. The first 
commercial wire carrier system using SSB was placed 
in service in 1918. SSB techniques were used exclu- 
sively for long distance telephone circuits until rela- 
tively recently, when they were replaced by pulse-code 
modulation (PCM). 

The first application of SSB to radio was made in 
1922, again by the Bell System. Bell set up an SSB 
transmitter, operating on 57 kHz, at Rocky Point, Long 
Island, and the British Post Office established a re- 
ceiving station at New South Gate, England, near 
London. One-way communication was established in 
January 1923, proving the feasibility of SSB for trans- 
atlantic communication. The return message from 
England came by transatlantic telegraph cable. When 
a transatlantic radio telephone circuit was put into 
commercial operation on long wave (57 kHz) in 1927, 
SSB was used. As the traffic increased and additional 
channels were needed, these were operated in the 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22071 
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fig. 1. Block diagram of 75-meter SSB tran 
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short-wave band (HF, in today's terminology). In- 
terestingly, short-wave circuits used AM because SSB 
techniques for HF were not perfected until 1936. 

amateur SSB 

I 

As has often been the case in the history of Amateur 
Radio, one or two hams or rather groups of hams 
developed techniques for Amateur communications 
that closely paralleled work going on in industry. In 
the early 1930fs, while Bell was adapting the SSB 
techniques used on wire-line to HF radio for trans- 
atlantic telephone circuits, two Amateur groups were 
working on Amateur SSB. 

The first record of the development of an SSB trans- 
mitter for Amateur use that I have been able to find 
appeared in a series of three articles by Robert M. 
Moore, then WGDEI, in a magazine called R/9; a block 
diagram of Moore's transmitter is shown is fig. 
(Old-timers will remember R/9 as a first-rate technical 
magazine. In fact, one of the issues describing Moore's 
SSB transmitter also features an article on how to 
build a parabolic antenna - interesting reading even 
today! The name R/9 was lost when the monthly 
publication merged with Radio in January, 1936, after 
which Radio itself became a first-rate technical 
magazine.) Moore acknowledges having drawn on the 
published data of the Bell System "for a portion of 
the material used" in his series. 

The second group working on SSB was an ARRL 
team led by James J. Lamb, then Technical Editor of 
QST. At the Board of Directors' meeting held on May 
12, 1933, Bernard J. Fuld, W2BEG, director of the 
Hudson Division, moved: 

"That the technical staff of QST is in- 
structed to investigate the feasibility, and, 
if feasible, is instructed to undertake the 
development at reasonable prices, of ap- 
paratus and methods of single-sideband 
and carrierless ;ohone transmission'. " 

The motion passed unanimo~sly.~ 

I I 

Fl 
OSClLLlTOR 

lsmitter developed by Robert Moore circa 1933. 

. - 

As a result of this motion, K.B. Warner, WIEH, who 
was secretary of the League as well as Editor-in-Chief 
and Business Manager of QST, sent a memorandum 
to James Lamb; because of its historical interest and 
the insight it provides into the personalities of the peo- 
ple involved, it is reproduced in fig. 2. 

The memorandum was followed by a short ARRL 
inter-office memo (fig. 3) adding directional antennas 
to SSB and encouraging a "serious attempt to accom- 
lish something." The list of names at the top of the 
memo is worth reviewing; how many of these people 
can you remember? 

Lamb and his associates did go into a huddle, as 
requested; Lamb wrote a 12-page report, which he 
forwarded to Warner on September 25, 1933. While 
the report is too long to reproduce here, an excerpt 
(fig. 4) is included because A.L. Budlong (then ARRL 
Communications Manager) wrote some comments on 
this part of Lamb's report. Fig. 5 shows Budlong's 
comments on Lamb's SSB report. 

Although Lamb's report was never published in QST 
as originally written, a later, revised version was 
published in the October, 1935 QST.5 This article was 
not listed in either the table of contents for that issue 
or in the annual index published in the December 1935 
QST. 

The decision of ARRL management not to pursue 
development of SSB as a means of reducing phone 
band interference was apparently based on the 
assumption that SSB equipment was too complicated 
for the average Amateur in 1933-34. 

At that time, it was the policy of League officials, 
as well as the QST editorial staff, to do everything 
possible to encourage more people to become 
licensed Amateurs. This was believed necessary for 
the preservation of Amateur frequency allocations in 
the short-wave bands that were (and still are) essen- 
tial for its continuation. In 1933-34 there were only 
about 20,000 licensed Amateurs - a small force in 
comparison to the highly organized, well-funded 
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Amarican Radio Relay Leryue 
OFFICE ?EM0 

Beaudin Hebert MT. 5:ax:m 
Reekley Heugh t~ n Ur. stewart 
Bl;d long Houldson Mr. Segal 
Chamberlain Hull 
Dm Sotn Lazb 
r 3 r a m r  Ro4imn 
Handy Scanlan !*.----- ............................................... 

Please  note and return to me. 
asturned noted; thanks. 
Referred to you far  necessary ac:i,n. 
Psr ymr f i l ed .  
? lease  .;ive :ne informtior .  gn marke4 portion. 
Please  note snd f l l e .  
That do you think a b u t  i t ?  
For your I n i o r w t i o n .  
\+%en f in ished r l t h  your part ,  please peas nn 

t 0 ---- 

I krve jumt dieoovarad t h a t  i t  wan Puld'a intention 
t o  Inelude i n  t h a t  motion re  midaband nuppraealon, 
aaa . ,  tho rubJeot of d i r e c t i o n e l  antennae. m a t  
I. a e r p r e t a  and larga order,  but one that  you 
q h t  teke  a look a t  i n  your acniaaena*. 

I oonoluded IIW nata of rrsterday without m e y i n ~  
(en  I meant t o ,  t h a t  I want yma fellow8 t o  m k e  a 
a-rioue attempt t o  aaoomplirh e e m ~ t h l n g  along the  
d e n i p d  111108 i f  it i n  f e a . i b i e .  

fig. 3. Brief inter-office memo urged League staffers to 
make a "serious attempt to accomplish something." 

entrepreneurs and industrialists representing commer- 
cial communications and international broadcasting, 
who wanted to take over the Amateur frequency 
assignments for their own use. 

The League felt that the best way to increase the 
number of licensed operators was ta describe equip- 
ment that was "sure-fire" in all League publications; 
that is, equipment that was easy to build with simple 
hand tools and certain to work without elaborate test 
equipment or much experience on the part of the 
builder. There was concern that if a newcomer started 
out In Amateur Radio by building the latest equipment 
- an SSB rig for example - he would probably be 
unable to make it work, and would become dis- 
couraged and leave Amateur Radio. 

Because Amateur Radio is flourishing today, we can 
only speculate about what the outcome might have 
been if the Amateur community had actively pursued 
SSB in the early 1930s. If the Bell System, with all its 
resources, which were substantial even then, was not 
able to develop practical SSB equipment for HF radio 
until 1936, it seems likely that it would have been all 
but impossible for individual Amateurs to have done 
it in 1933 or 1934. (Even today, most Amateurs prefer 
to buy, rather than build, their SSB equipment.) 

The League did stick to their "keep it simple" 
philosophy, despite the frustration of some technical 
people at ARRL headquarters who would have pre- 
ferred to have been able to continue their pioneering 
developmental work in Amateur SSB for professional 
reasons. 

Even though the ARRL did not pursue the develop- 

- b 
The f i r s t  of these ,  suygressed-car r ie r  double-side- 

band t ransol i ss ion ,  would e l i m i n a t e  t h e  s t tad?- t )?e  i n t e r f e r -  

ence r e s u l t i n g  from t h e  heterodyning of undesired c a r r i e r s  with t h e  
ahd w..l( V ~ U C I  d l \ h r t l . h  I-.% S C I * L ~ U C  f . d , h \ y  
c a r r i e r  of e des i red  s ta t ion ,but  would r e q u i r e  t h e  k m e  fre.,uency 

band-wldtts ar would normal ( c a r r i e r  and double-side-band) t rans-  

mission. Simple supprassed-car r ie r  t ransmiss ion  alro/might hare 

an economic advantage i n  t h a t  t h e  f u l l  c a p a b i l i t y  of a  l i n e a r  

r.f. s t a g e  could be u t i l i z e d  f o r  t h e  i n t e l l i g e n c e - c a r r j i n g  s i d e  

b y d  power t o  t h e  exc lus ion  of t h e  c a r r i e r  power th;t normally 

is t r a n s m i t t e d .  I n  a 100% s i n u s o i d l l l y  modulated wave, 2/3 of 

t h e  t o t a l  power i s  represented  by t h e  c a r r i e r  a t d  1/3 by t h e  side- 

b a n d s . y y  For i n s t a n c e ,  whereas a t r u l y  l i n e a r  a m p l i f i e r  of 

300-watt marlmum c l p z b t l i t  would have but  100-,v%tt side-band 

output  with a norrnll 135% ~~~~~~ted wave, with thv c a r r i e r  $up- 

pressed  t h e  side-band 9ower with t h e  same om.>lifier t n e o r e t i c a l l y  

could be .$s  high a s  :OU wat ts ,  represe t l t ing  t h r e e  t h e $  t h e  

i n t e l l i g e n c e - c a r r y i n g  p o w r  of t h e  carrlrr-and-dotib:c-sidc-bhnd 

r a p a b i l l t , , .  Fronl t i le emateur poin t  of vie;? t h i s  s d v m t i g e  i s  more 

apparent than  r e a l ,  'lerevc-, becvuie =iven r. f .  7 , . , l l ' i ~ r  when 

o p e r i t i l l r  Class-8 ;nd - handl1,e only side-bind .,owe? has 

n e g l i g i b l e  jdvont-SP i n  slde-b2nd out,lut ov?" t S e  same 3 1 1 j l i f i e r  

*hen o g e r t t i n g  Cla5;-C r l t h  p l a t e  ~nodul . t ion  In  t h e  syste".  of 

carr ier -~md-double - s lde-bano  t ransmiss ion  gerlerslly use0 by soz- 

t e u r s .  $ 

 the 
o t h e r  side-band suppressed, i s  t e c h n i c a l l y  l e s s  f e a s i b l e  than  

a u p ~ r r s a l o n  of t h e  c l r r i e r  and e l imlqat ion  of one side-band 

b e c : 1 ~ 5 e  e l i , n i n 3 t l o ! ~  of one s i d e  band .Ithout a f k ~ t m  t h e  CaITier 

would be (nore d i f f l e u l t  thdn su>prrss ion  o f  t h e  c a r r i e r  with 

r l imi?a t ion  of Qne s ide-bmd.  T h i s  sj.z2ell hzrdly mer i t s  conaid- 

c r a t i o n .  Althqugh i t  aould seem t o  o f f e r  advantkges I n  t h a t  t h e  

frecuenc) bsnti requl red  bvouid be lessened by t h e  one s e t  of side- 

band com!~onents e l iminated ,  it would o f f e r  no op.,ortunitf of 

reirliain(:  g r e a t e r  i n t e l l i g e n c e - c a r r y i n g  output  from a t r a n s m i t t e r  

of given peak-power r a t i n g  than i s  obta ined  with c a r r i e r  and 

double-clde-band t r o n s n i s s i o n .  The ga in  would be n e g l i g i b l e  i n  

view of t h e  n d d i t i o n ? l  t e c h n l c z l  com,>lexi t i r s  involved. The 

heterodyne i n t e r f e r e n c e  grobleli  would be i n  no wise lessened.  
IL +d ~ y r + L ,  

single-side-band t rans-  

mission * i t h  t h e  c a r r i e r  suppressed,z?pears t o  be not  only t h e  

most economical i n  frequency-band r r ru i rement  and i n  u t i l i z a t i o n  

of t r a n s m i t t e r  c s p a b i l i t y ,  bu t  3150 t o  hold less t echnic i l l  Corn~li- 

ca t lor )  i n  recept ion  t l ~ m  t h e  f i r s t - tnent loned type  (double-side- 

band),  and s t i l l  l e s s  terhnical oom>l ica t ian  i n  t r l n s n i s s l o n  than 
~t .,so = ~ , ~ . ~ r t . s  -.st a f  T(C i l . + ~ . t l O L  J~..- . . ~ . t t . u .  f . 4  ",? 
t h e  secand type  ( c a r r i e r  and one s i d e b a n d )  ., The present  o b j e c t -  

i v e  must be l r i t a a r i l y  t h c  minimizing o f  t h e  i n t e r f e r e n c e  problem, 
~*.*b.. 

SO fsr is t h a t  nay be yose lb le ,  t o  t h e  end that_- u t i l i z a -  

t i o n  of the a v s i l a b l e  amateur 'phone bands miy be hoded f o r .  Hence, 

only s i n g l e - s i d e - b a d  suppressed-corr ie r  t ransmiss ion  warrants  

our  acr ious  caneidera t ion .  T h i s  view i s  re inforced  by t h e  

rece iv l t>g  c o n s i a e r n t i o n s  t o  be d iscussed  l a t e r .  

C a r r i e r  Suppression 

Two means of s u g ~ r e s s i n g  t h e  ra r r ie r - f requency com~onent  

a r e  poss ib le .  One would be a f i l t e r  having sharp a t t e n u a t l o n  

a t  t h e  c a r r i e r  frequency and pass ing  e i t h e r  one s e t  or  both s e t s  

fig. 4. Excerpt from Lamb's 12-page report. sent to 
Warner on September 25, 1933. 
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BoE tom p.3,  t o p  p.4. I d o  n o t  agree. The s o l e  a im o f  Board 's  hope i s  
t o  I n c r e a s e  e f f e c t i v e  w i d t h  o f  fone  bands by changing amateur r a d i o  t o  a 
slrqtem that r e q u i r e s  f ewe r  k c  f o r  a t r a n s m i t t e r .  J im d e p a r t s  from 
t h e  point when he  damns t h i s  system by s a y i n g  I t  o f f e r s  n o  o p p o r t u n i t y  
t o  I n c r e a s e  a t p u t  f ram g i v e n  tubes.  Nobody cares.  Nobody cares  even 
I f  o u t p u t  i s  dec reased  -- I f  s t a t l o n s  now occupy o n l y  h a l f  as much room. 

C o n s i d e r i n g  d i f  f i c u l t y  o f  r e p l a c i n g  c a r r i e r ,  and o f  tuning a t  r e c e i v e r  
w i t h  s u p n r e s s e d - c a r r i e r  method, I h a r d l y  can  embrace i t .  I am mos t  
r e l u c t a n t  t o  a c c e p w r C t o p  o f  page 4 t h a t  i t  I s  t o o  d i f f i c u l t  t o  
sunpress j u s t  one . He t h e r e  makes b o l d  s ta tements  w i t h  n o  
s u p p o r t i n g  r e f e r e n c e s .  H i s  language l o o k s  more l i k e  p r e  j u d l c e  than 
l o g i c  t h a t  t h e  r e a d e r  embraces b e c a u s e i t i s  s e l f - w a r r a n t i n g .  

~t t h l s  moment I ' v e  r e a d  o n l y  f i r s t  36 pages, but I h e r e  make n o t e  t h a t  
I ' m  ~ r e t t y  su re  t h a t  t h e  o n l y  f e a s i b l e  i d e a  i s  supp ress i on  of one sldebadd. 

Bo t ton i  o f  page 4 needs a s ta tement  t o  t h i s  e f f e c t :  "~ll r i g h t ,  then,  
l e t ' s  flow have a l o o k  a t  methods that g i v e  t h i s  form of tr ansmiss ion.  
The f i ~ s t  thlng t o  c o n s i d e r  i s  supp ress i ng  t h e  c a r r i e r . .  . ." H i a t u s  now. 

---- 
Hnving r e n d  i t ,  

I t  I s  t o o  goddamnahly I m p a r t i a l .  Too deep a s u b j e c t  f o r  me t o  do my 
own d e c i d i n g ,  I ' m  r e ~ d y  t o  accept  t h e  a u t h o r ' s  views, but I d o n ' t  even 
know what he t h i n k s .  W i t h  a lmos t  n o  e f f o r t ,  he c o u l d  make me think 
 ith her way. I t  needs j u s t  a b i t  o f  b i a s  here ,  s i n c e  i t  r e a l l y  i s  headed 
somewhere -- t o  p rove  s o m t h l n g  o r  other,-- i s n ' t  i t ?  "F'urther In 
p r o o f  o f  t he  f u t i l i t y  of a s p i r i n g  t o  so and so.. . . . "Ano the r  example 
of t h e  1mnract1calb111ty...." 

/ (Imap,lna my ureing b i a s  he re ,  condemning i t  i n  26 paragraph)  I 
fig. 5. A.L. Budlong. ARRL Communications Manager. added comments to this copy of Lamb's report. 

ment of SSB in the 1930s, individual Amateurs did. 
James Lamb continued to think about it and proposed 
some interesting ideas - revolutionary in those days 
- including the transceiver concept of using the same 
oscillator for transmitting and receiving that is the 
backbone of all SSB transceivers today. 

Fig. 6 shows an SSB generator using Lamb's crystal 
filter circuit. This sketch is dated June 18, 1933 - over 
50 years ago. Notice the signatures of witnesses: F. 
Cheyney Beeklye, QST Advertising Manager, and 
Ross A. Hull, Associate Editor. 

Another interesting and novel (in 1934) circuit for 
a modulator is shown in fig. 7. Here, two tubes are 
connected with the anodes in push-pull and their con- 
trol grids in parallel. RF excitation is applied to the 
parallel connected control grids. This represents the 
carrier frequency, which is eliminated in the push-pull 
anode circuit. The audio information is connected, 
push-pull, into the suppressor grids. This circuit has 
the advantage that the RF and audio are kept 

separated. (This disclosure was witnessed by Ross 
Hull.) 

Probably Lamb's most dramatic development was 
the SSB transceiver sketched in fig. 8. This is basi- 
cally the same block diagram as the SSB transceivers 
that began to appear on the market in the early 1970s. 
One slight difference may be interesting, however. 
Lamb perceived a receiver tuning problem with SSB. 
With AM, the practice was to tune to maximize the 
carrier. With SSB, this was no longer possible, 
because there is no carrier. To solve the receiver 
tuning problem, Lamb envisioned transmitting a 1 kHz 
tone; the receiver would be tuned until the 1 kHz tone 
was actually 1 kHz. When SSB systems came 
into actual use, the tuning problem was solved by 
Amateurs in a much simpler manner. Amateurs simply 
tuned the receiver until the voice sounded the most 
"natural." 

Unfortunately, these developments in the use of SSB 
for Amateur communications were not publicized. 
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/ fig. 6. Lamb's early design of an SSB transmitter using his crystal filter. 

Amateur SSB - phase two 
The second phase in the development of Amateur 

SSB began during and immediately after World War 
II. O.G. Villard, then WGQYT, had become interested 
in SSB during the war. Although he was aware of 
Moore's work in 1934, he was intimidated by the filters 
required by Moore's rig. This apparent handicap led 
him to develop a phasing technique to generate SSB. 
As often happens to inventors, Villard discovered that 
the phasing technique had already been devised, and 
had been patented in the late 1920s. 

The phasing technique offered the advantage of 
eliminating the need for elaborate filters and reducing 

the number of frequency translations required. Filter 
technology was still in its infancy, and few Amateurs 
had access to the test equipment necessary for veri- 
fying a filter design. The biggest component problem 
lay in the design and construction of the required in- 
ductors, with adequate Qs in the required frequency 
range. 

As most readers will recall, with the phasing method 
of SSB generation, two components of the carrier 90 
degrees apart in phase are developed; this was not dif- 
ficult to do in the early 1940s. Similarly, two com- 
ponents of the audio voltage - also 90 degrees apart 
in phase - are developed. This posed much more of 
a problem for Villard, who attempted to use one phase 
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unmodified and to develop a wide band, a 10:l fre- 
quency range, and an audio channel shifted 90 degrees 
in phase. This proved to be a real problem because 
of the relative bandwidth required. 

This problem was not solved until R.B. Dome6 
showed that it was not necessary to actually shift the 
audio signal 90 degrees, but only to develop two audio 
voltages that were 90 degrees apart and then describe 
networks to do this. Fortunately, Dome's networks re- 
quired only resistors and capacitors - no inductors. 
With this development, Villard was able to proceed 
with the actual construction of an SSB transmitter. 

A t  the time, Villard was teaching electrical engi- 
neering at Stanford University. He and some of his 
students constructed an SSB transmitter using the 
phasing method and operated it on 20 meters from 
the Stanford Amateur Radio Club's station W6YX.' 
Surprisingly, many Amateurs were able to copy SSB 
with their AM receivers; their reports were extremely 

positive. Villard's transmitter used four 813 tubes in 
the output stage and was capable of much more 
power output than the filter-type transmitters of the 
time. The SSB signals were generated at the operating 
frequency (20-meter band) so that no frequency trans- 
lations were required. 

About ten days after Villard's group began trans- 
mitting, another SSB signal appeared on 20 meters. 
Arthur Nichols, then WBTQK, had built an SSB rig 
using the filter approach in only about five days, after 
hearing W6YX's SSB signal. This was a remarkable 
accomplishment, especially for that time; even today, 
most Amateurs would have difficulty building an SSB 
rig in five days. 

filter approach to SSB 
The January 1948 issue to QSTfeatured an article 

by Nichols describing his SSB transmitter. Two related 
articles also appeared in this issue: one by Byron 

. . . -  

T ~ -  $ I - ; ~ .  L a ~ s ,  be ~ : U S ,  

9,_ I ~ c ~ :  L3 r ~ s ; b b p ,  
3Lkl.- Tjp, 6 c i - i o ,  - ( ) , - ; r  7 r b e r  V, .  u, - 

I fig. 7. Modulator circuit separates RF and audio. 1 
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I fig. 8. Lamb's SSB transceiver. I 
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fig. 9. Block diagram of 20-meter SSB transmitter developed by Arthur Nichols circa 1948. 

Goodman, W1DX,8 who explained the theoretical as- similar to Moore's 1933 rig - is shown in fig. 9. 
pects of SSB, and a second by Villard,g in which he Nichols used a 10-kHz filter to eliminate the carrier and 
described the early SSB on-the-air tests from WGYX. undesired sideband with two frequency translations 

A block diagram of Nichol's 1948 transmitter - to 20 meters. Moore used two translations to 75 
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meters. From a cursory examination, it appears that 
Nichol's and Moore's filters used Bell System 
technology; both appear to have been based on 
telephone carrier filters, with Moore using the next 
lower carrier channel slot than Nichols. Nichols ob- 
tained his filter from the late Fred Berry, formerly 
WBMNN. 

By this time SSB enjoyed the active support of the 
League and others: additional theoretical material and 
improved techniques and equipment appeared in rapid 
order. In fairness, it must also be pointed out that the 
level of technical sophistication of the Amateur com- 
munity had been greatly raised by the rapid develop- 
ment of electronics during World War II and by the 
large number of people introduced to the new tech- 
nology both at home and in the field. This - coupled 
with the increase in the ranks of Amateur Radio 
operators and the fact that work done by Amateur 
Radio operators was more widely recognized - im- 
proved the political posture of Amateur Radio in its 
struggle against commercial and international broad- 
cast interests in the battle for frequency allocation. 

final comments 
Arthur Nichols designed and built his SSB trans- 

mitter independently of other workers in the field. First 
licensed in 1931, he has always been a home-brew 
tvDe. and is currentlv WGEVL in Fallsbrook. California. , .  . 

In addition to the SSB transmitter Nichols used 
himself, he built two more transmitters which he sold 
to the National Company of Malden, Massachusetts. 
At the time, National was one of the leading manufac- 
turers of Amateur equipment. I assume Nichols' trans- 
mitters were to be prototypes for a National SSB 
transmitter; if so, National could have had an early lead 
in supplying SSB equipment to the Amateur com- 
munity. But National was unfortunately having finan- 
cial problems and chose not to take advantage of the 
opportunity. 

Nichols' interest in SSB came about naturally. His 
father was the late Dr. H.W. Nichols, an engineer with 
the Bell System who worked on the development of 
SSB radio equipment for transatlantic radio telephony 
service. Dr. Nichols was sent to England in 1923 to 
work with the British Post Office on arrangements to 
receive the Bell System transmissions mentioned 
earlier. While in England, he presented a paper before 
the British Institution of Electrical Engineers on the 
transatlantic radio telephone problem.1° The elder 
Nichols died in 1925 and did not live to see the long- 
term results of his work. 

I have not been able to locate Robert M. Moore, 
formerly WGDEI, and I believe, with regret, that he 
may be a silent key. I would be happy to hear from 
anyone who knows (or knew) Moore, and particular- 
ly from anyone familiar with his interest in SSB. 
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an audio automatic gain control 
Circuit converts 

50 dB input dynamic range 

constant output 

In a recent ham radio column,' Bill Orr commented 
- correctly, I believe - on the relative lack of use, 
in Amateur Radio, of state-of-the-art developments in 
audio processing technology. Perhaps this is so be- 
cause commercial audio processors are very expen- 
sive, or because the broadcast quality frequency re- 
sponse and distortion characteristics of commercial 
equipment represent a higher degree of precision than 
is really necessary in Amateur Radio applications - 
a kind of technological "overkill." 

This article describes an automatic gain control 
(AGC) amplifier that can be used in several Amateur 
Radio applications. Simple and inexpensive to build, 
it will maintain, at a maximum gain, a constant out- 
put level within + 2  dB over an input level range of 
50 dB. 

As a broadcast engineer, I developed this circuit in 
hopes of eliminating the need for announcers to con- 
tinually adjust levels for program material arriving by 
twisted pair. Amateur Radio applications could include 
autopatches, phone patches, and repeaters. (Imagine 
a repeater that is modulated to a constant level regard- 
less of the received signal's deviation!) When used 
ahead of any transmitter, the AGC functions much like 
a compressor used in commercial broadcast operation. 

circuit description 
The AGC schematic is illustrated in fig. 1. An audio 

signal applied to U1, an MC3340P, is passed through 
to the 741 operational amplifier, U2. After being 
amplified, the output signal of U2 is sampled and ap- 
plied to a negative voltage doublerlrectifier circuit 
composed of diodes CR1 and CR2 along with capaci- 
tor C1. The resulting negative voltage is used as a con- 
trol voltage that is applied to the gate of the 2N5485 
JFET 01. Capacitor C2 and resistor R2 form a smooth- 
ing filter for the rectified audio control voltage. 

The JFET is connected from pin 2 of the MC3340P 
to ground through a I-kilohm resistor. As the voltage 
applied to the gate of the JFET becomes more nega- 
tive in magnitude, the channel resistance of the JFET 
increases causing the JFET to operate as a voltage 
controlled resistor. 

The MC3340P audio attenuator is the heart of the 
AGC. It is capable of 13 dB gain or nearly -80 dB 
of attenuation depending on the external resistance 
placed between pin 2 and ground. An increase of re- 

, sistance decreases the gain achieved through the 
MC3340P. The circuit gain is not entirely a linear func- 
tion of the external resistance but approximates such 
behavior over a good portion of the gain/attenuation 
range.2 

An input signal applied to the AGC input will cause 
the gate voltage of the JFET tobecome proportional- 
ly negative. As a result the JFET increases the resis- 
tance from pin 2 to ground of the MC3340P causing 
a reduction in gain. In this way the AGC output is held 
at a nearly constant level. 

Because a finite time is needed to generate the feed- 
back to control the AGC gain, an abrupt change from 
soft to loud at the input will cause a short overshoot 
or "pop" sound. Capacitor C3 with resistor R3 form 
a low-pass filter in the feedback circuit of the 741 oper- 
ational amplifier. This low-pass action minimizes the 
overshoot. 

adjustments 
There are three possible adjustments to the AGC. 

They are dynamic range, attack time, and recovery 
time. 

The dynamic range is adjustable by selecting the 
value of resistor R3 in the feedback circuit of the 741. 
A 100 kilohm value for R3 results in the maximum ob- 
tainable dynamic range, nearly 50 dB. Because this 
amount of gain will probably be too large for most 
Amateur Radio applications, R 3  may be decreased to 
produce the dynamic range desired. If R3 is changed, 
C3 must also be changed. The product of R3 and C3 
must remain the same constant value to preserve the 
low-pass filter characteristics of the stage. 

The attack time is controlled by C1. The 0.33 pF 
value shown for C1 produces the fastest possible at- 

By Lee Barrett, K7NM, 525 North 2150 West, 
West Point, Utah 84015 
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fig. 1. AGC schematic diagram. 

I pans list b r  fig. 1 

item description 
C1 0.33 pF, 50 volt mylar 
C2 22 pF, 25 volt radial electrolytic 
C3 82 pF, 500 volt silver mica 
C4 0.1 rF, 50 volt ceramic disc 
C5 1 pF, 25 volt radial electrolytic 
C6,CI 4.7 pF ,  25 volt radial electrolytic 
C8 680 pF, 500 volt silver mica 
C9,ClO 100 pF, 25 volt radial electrolytic 
C11 0.01 pF, 50 volt ceramic disc 
CR1,CRZ 1 N270 germanium diode 
CR3 IN4742 12 volt, 1 watt zener diode 
01 2N5485 N-channel JFET 
Rl,R5 1000 ohm 
R2 1 megohm 
R3 100,000 ohm 
R4 18,000 ohm 
R6,R7 10,000 ohm 
R8 470 ohm. 1/2 watt 
U 1 MC3340P voltage conirolled attenuator 
U2 LM741CN operational amplifier 
miscellaneous 

PC board. IC sockets, optional translormers (see text). 
solder, wire, case, builder's choice of connectors. 
24 volt or alternative power supply (see text) 

Notes: 
All resistors are 1/4 watt, 5 Oercent unless otherwise noted. 
A printed circuit board with parts kit ($26.00) or the printed 
circuit board alone ($15.00) is available from the author, Lee 
Barrett. K7NM. 525 North 2150 West, West Point. Utah 84015. 
Please add $2.00 shipping and handling. 

I table 1. AGC measured parameters With 0-8 bridging transformer input. I 
frequency response ( - 3 dB): 

below AGC threshold ( 4 0  dBm input): 200 Hz - 12 kHz 
in AGC range ( -20  dBm input): 40 Hz 20 kHz 

AGC threshold: - 38 d8m 
noise floor (input shorted): - 42 dB maximum 

input level (dBm) 

10 
- 20 
- 36 

output (0 dB = 2V p-pl 

2 
0 

- 2 

distortion (percentage) 

2.0 
0.5 
0.5 

tack time. In no case should C1 exceed this value or In Amateur Radio applications a level potentiometer 
a low frequency oscillation will occur. will probably need to be added across the output to 

Capacitor C2 is the main recovery time adjustment. act as a level adjustment. The relatively high level out- 
I have found the best value for speech applications put of the AGC can then be reduced to the drive level 
to be 22 pF. This value can be decreased or increased required by the intended load. 
to provide faster or slower recovery times, respec- 
tively. conclusion 

Table 1 lists the test results of measurements made 
connections on the AGC. 

The AGC may be fed either directly with an unbal- The original AGC was designed to plug into the Col- 
anced input or through a transformer by a balanced lins/Autogram IC series broadcast mixers and oper- 
audio source. In broadcast applications, I used high ated on 24 volts DC. In your application, however, the 
grade transformers such as the TRW 0-8 or 0-30. In zener may be adjusted or eliminated along with the 
Amateur Radio applications where speech is the rule series resistor to operate the AGC on voltages down 
less expensive Calectro transformers have been used to about 8 volts. 
successfully. 

The AGC output is normally unbalanced. Loads as references 

low as 600 ohms have been .driven by the AGC al- l .  William I .  Orr, WGSAI, "Ham Radio Techniques - Ancient Modulation." 
ham radio, February, 1984, page 65. 

though a 1 kilohm or higher resistance termination is 2. MC3340P Data Sheer NO. ~ S 9 2 4 . 9 ~ 1 ,  fig. 4, copyright 1975. Motorola 

desirable. Again, a transformer could be used to create Semiconductors. BOX 20912, Phoen~x, Ar~zona 85036. 

a balanced output condition if desired. ham radio 

September 1984 25 



0 

THE MOST AFFORDABLE 
' - 

n n 

REPEATER E-7, 
ALSO HAS THE MOST IMPRESSIVE 4. 

PERFORMANCE FEATURES 
(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) 

I C - - -  

JUST LOOK AT THESE PRICES! 

Band Kit Wirednested - 
1OM,6M,2M,220 $680 $880 

440 $780 $980 

Both kit and wired units ere complete with all pans, modules, hardware, and crysteis. 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also emileble lor remote site linking, crossband, and remote base 

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

SELECTIVITY THAT CANT BE BEAT! BOTH 
8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 12KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144, R220. 
AND R451 SPECS IN RECEIVER AD BELOW. 

OTHER GREAT RECEIVER FEATURES: FLUlTER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 
OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

CLEAN, EASY TUNE TRANSMITTER; UP TO 20 WAlTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

HIGH-PERFORMANCE 
RECEIVER MODULES 

TRANSMITTERS 
%@&& , . I  

C 

T51 VHF FM EXCITER for 10M, 6M, 2M, 
220 MHz or adjacent bands. 2 Wattscontln- 

*P'.- " 1 uous, up to 2% W intermittent. $68/kit. 

R144 Shown 

R144/R220 FM RCVRSfor2M or220 MHz. 
0.1 5uVsens.; 8 polextal filter8ceramicfilter 
in i-f, helical resonatorfront end for exceptional 
selectivity, more than -100 dB at f 12 kHz. 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

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

I R76 FM RCVR for 10M, 6M. 2M. 220. or 
commercial bands. Asabove, but w/o AFC or 
hel. res. Kits only $1 18. T451 UHF FM EXCITER 2 to3 Wattson 450 
Also avail w/4 pole filter, only $98/kit. ham band or adjacent freq. Kit only $78. 

HELICAL RESONATOR FILTERS available 
separately on pcb wfconnectors. 

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

COR-2 KIT With audio mixer, local speaker 
amplifier, tail 8 time-out timers. Only $38. 

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

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

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

AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
reoeater receiver. Manv other features. I RllOVHFAMRECEIVERkitforVHFaircraft I VHF& UHF LINEARAMPLIFIERS. Use on I only $90. Requires DTM'F Module. 

hand or ham bands. Onlv $98. either FM or SSB. Power levels from 10 to45 

I 
-- - -  . 

R110-259 SPACE SHUlTLE RECEIVER. I Watts to go with exciters8 xmtg converters. 

k ~ t  only $98 
Several models. Kits from $78. NEW - SIMPLEX AUTOPATCH 

Use with anv transceiver. Svstem includes 
DTMF 8 ~utopatch modules>boveand new 

A1 6 RFTIGHT BOX Deepdrawn alum. case Timing module to provide simplex autopatch 
with tightcoverand noseams. 7 x8x 2 inches. and reverse autopatch. Complete patch 
Designed especially for repeaters. $20. system only $200/kit. Call orwritefordetails. 
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Harntronics Breaks / ' !- ' the Price Barrier! 

3+ 
NoNeedtoPay$BOto$l25 
for a GaAs FET Preamp. 

FEATURES: 
.Very Low Noise: 0.7 dB VHF, 0.8 dB UHF 

High Gain: 18 to 28 dB, Depending on Freq. 
Wide Dynamic Range foroverload Resistance 
Latest DuaCgate GaAs FET. Stableover Wide 
Range of Conditions 
Rugged, Diode-protected Transistors 
Easy to Tune 
Operates on Standard 12 to 14 Vdc Supply 
Can be Tower Mounted 

MODEL TUNES RANGE 

26-30 MHz 
46-56 MHz 

137-1 50 MHz 
21 0-230 MHz 
400-470 MHz 

30-46 MHz 
150-172 MHz 

PRICE 

Models to cover every practical rf 8 if range to 
listen to SSB, FM, ATV, etc. NF = 2 dB or less. 

Antenna 
lnput Range 

VHF MODELS 28.32 
50-52 

Kit with Case $49 50-54 
Less Case 539 144-146 
Wired $69 145-147 

144-1 44.4 
146-1 48 
144-148 
220-222 
220-224 
222-226 
220-224 
222-224 

Receiver 
Output 
144-148 
28-30 

144-1 48 
28-30 
28-30 

27-27.4 
28-30 
50-54 
28-30 

144-1 48 
144-1 48 
50-54 
28-30 

For SSR CW. ATV, I M, etc Why pay b ~ g  
bucks for a mu81 mode rlg for each band? Can 
be llnked with recelveconvertersfortransceive. 
2 Watts output vhf. 1 Watt uhf. 

For VHF, 
Model XV2 
Kit $79 
Wired $1 49 
(Specify band) 

For UHF, 
Model XV4 
Kit $99 
Wired $1 69 

Exciter Antenna 
lnput Range Output 

28-30 144-146 
28-29 145-146 
28-30 50-52 

27-27.4 144-144.4 
28-30 220-222' 
50-54 220-224 

144-1 46 50-52 
50-54 144-148 

144-1 46  28-30 

28-30 432-434 
28-30 435-437 
50-54 432-436 
61.25 439.25 

144-148 432-436* 

'Add $20 for 2M input 

UHF MODELS 

to 45 Watts. 

00 to 650 MHz. on any scanner. Wiredftested Only $88. 

Our lab has developed a new line of low-noise 1. Largest selection of vhf and uhf kits 

receiver preamps with helical resonator filters in the world. 

built in.Thecombination of a low noise amplifier 2. Exceptional quality and low prices due 
to large volume. 

3. Fastdeliwry; most kits shippedsame day. 

4. Complete, professional instruction 

5. Prompt factory service aveilable and 
free phone consultation. 

143-1 50 MHz 
21 3-233 MHz 
420-450 MHz 
150-174MHz 
450-470 MHz 

More  Details? CHECK-OFF Page 150 fl 152 September 1984 27 
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work OSCAR 10 with your HT 

Use a local gateway 
to work the bird 

Soon, working intercontinental DX may be as 
simple as picking up your 2-meter HT. Using a local 
"gateway" facility* to relay signals to a satellite, 
thousands may soon sample the world of Amateur 
Radio space communications. How will this be possi- 
ble? How can you participate? 

AMSAT OSCAR 10 (AO-10) - the newest and 
most sophisticated Amateur Radio communications 
satellite ever - was launched in June, 1983, as a 
replacement for the ill-fated Phase IIIA. AO-10 (Phase 
lllB prior to launch) has quickly established itself as 
the all-time DX champ of OSCARs; in the year or so 
since its launch, nearly 100 countries have become ac- 
tive on it. Intercontinental QSOs are now com- 
monplace . . . in fact, some stations have 
worked over 90 countries already! Until the AO-10 was 
launched and operating, it took a moderately well- 
equipped VHFIUHF station to accomplish this; now 
intercontinental QSOs on modest equipment are 
commonplace. 

AO-10 uses two linear transponders that receive in- 
puts on one frequency and translate them downward 
to another band (see fig. 1). The transponders are 
functionally similar to a repeater with a wide frequency 
split. In the case of AO-10, a block of frequencies 
uplinked to it in the 435-MHz range is repeated on a 
correspondingly wide block of frequencies in the 
145.8-MHz range; this is the Mode B transponder. A 
second, even broader transponder uses a 1269-MHz 
uplink and a 436-MHz downlink. (See table 1 for the 
exact frequencies.) 

'A buffer between you and the satellite which reduces your equipment 
requirements by interfacing your station with AO-10. 

I the gateway station 
A gateway station provides many of the functions 

that an ordinary OSCAR earth station might perform. 
Virtually any station that can reach a gateway can get 
a taste of satellite activity. Here's how it works. 

Let's assume the gateway station is associated with 
your local repeater and uses part of the repeater's 
equipment. In this case the gateway will, on uplink, 
take the audio feed from the repeater's FM receiver; 
drive a moderately powerful SSB transmitter uplink 
with the audio from the repeater; point the uplink 
antenna; and derive control signals (transrnitlreceive) 
from the repeater. 

On downlink, the gateway will preamplify the 
SSB downlink signal from the satellite; feed the sig- 
nal to an SSB receiver; take the audio from this re- 
ceiver to the repeater FM transmitter audio input; point 
the downlink antenna; and derive control signals 
(transmitlreceive) from the repeater. 

The system illustrated in fig. 2 can be considered 
, as a standard OSCAR satellite station with multiple 

remote access. 
As a broadband repeater, AO-10 takes a spectrum 

150-kHz wide on the uplink, translates the frequency 
down, and repeats the signals with the same relative 
amplitude in the downlink spectrum. The Mode L 
transponder provides a greater capacity of 800 kHz of 
spectrum in which to work. That's more than all the 
spectrum in the 20 and 15 meter bands combined. A 
second type of gateway uses a linear transponder 
similar to the linear transponder used on the satellite, 
but with the frequency pairs reversed; in this manner 
several stations can simultaneously access AO-10 
through this type of gateway. Both types of gateways 
have been tried successfully. WBSEYB in Harrisburg, 
Pennsylvania, has operated a gateway successfully in 
conjunction with a standard FM repeater. KE3D in 

By Vern "Rip" Riportella, WAZLQQ, Executive 
Vice President, AMSAT, P.O. Box 177, Warwick, 
New York 10990 
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table 1. AO-10 uplinkldownlink frequencies.* (Note: 
These do not represent "channels" per se, but show 
the relationship between inputs and outputs. Coverage 
is continuous from band edge to band edge.) 

mode B 

uplink (MHz) 

435.032 
435.050 
435.070 
435.090 
435.110 
435.130 
435.150 
435.170 
435.175 

mode L 

1269.050 

results in 
downlink (MHz) 

145.972 
145.955 
145.935 
145.915 
145.895 
145.875 
145.855 
145.835 
145.830 

general beacon 145.810 
engineering beacon 145.987 

1269.300 
1269.350 
1269.400 
1269.450 
1269.500 
1269.550 
1269.600 
1269.650 
1269.700 
1269.750 
1269.800 
1269.850 

general beacon 
engineering beacon 

"exclusive of Doppler shift. 

Boulder, Colorado, and DJ4ZC in Marburg, West 
Germany, are known to be working on the terrestrial, 
broadband linear transponder approach. The FM 
repeater approach is simplest and can be implemented 
quickly using existing equipment. The terrestrial linear 
transponder, on the other hand, requires special equip- 
ment and techniques. 

There is nothing special about the choice of input/ 
output frequencies for the station connecting to the 
actual gateway. Two-meter repeaters will work as well 
as 6-meter or 440-MHz versions. Suitable isolation 
techniques must be observed, however, because a 
strong 2-meter FM transmitter close to the gateway 
station 2-meter receiver is likely to be strongly affected 
(desensed) by the local FM signal. Remoting, cavity 
filtering, and other techniques are appropriate for this 
and similar situations where the repeater frequencies 
and the gateway frequencies are in the same band. 

MODE L - 

't H E R E  2 
MODE B MODE L 

fig. 1. AO-10 modes and typical gateway operation. 

operation 
SSB and CW are the preferred modes of operation 

on AO-10. FM and full-carrier AM are discouraged be- 
cause these continuous-power modes use precious 
solar-derived electrical power even in the absence of 
modulation; SSB does not. That's the reason FM in- 
puts to the repeater are baseband converted to SSB 
via the audio circuitry. Under normal conditions, you 
should expect a received signal-to-noise ratio of 10 dB 
or more at the gateway. Under ideal, low-traffic condi- 
tions, the S IN  ratio may approach 20 dB. The down- 
link power of the satellite transponder is shared among 
all the signals appearing in the uplink passband. A SIN 
ratio of 3 or 4 dB is normally sufficient for minimal 
copy. Thus, 10 to 18 dB will be heard, with intelligibility 
approaching good DX conditions on HF. 

The gateway station operator needs to be especial- 
ly sensitive to his or her responsibilities to both ter- 
restrial communicators and to the manner in which the 
gateway "community" is introduced to the satellite 
community already using AO-10. The skill and cour- 
tesy of the operator are especially important when the 
uplinked spectrum is wider than normal, as with a ter- 
restrial linear transponder 20 or 30 kHz wide. Future 
planning efforts will likely identify special gateway 
"zones" for uplinks to reduce the hazards of high traf- 
fic. AO-10 makes slightly more than two orbits per day. 
It travels in an elliptical orbit, which at times affords 
it a "view" of nearly one-third of the earth's surface. 
Its coverage area is extensive. Simply put, any sta- 
tion that can "see" the satellite can work any other 
that is simultaneously in view of AO-10, which will be 
in view for up to ten hours without interruption. Dur- 
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fig. 2. Typical narrowband (single channel) gateway plan using Mode B. 

ing this period the satellite will move slowly across the 
field of view of the gateway station, whose antennas 
will track AO-10 either manually or under computer 
control. To the gateway user, however, operation will 
be "transparent"; that is, the gateway user does not 
need to know where the satellite is or the precise 
uplinklfrequencies involved. The actual duration of 
gateway operation will be limited by a number of fac- 
tors, including the gateway operator's schedule. For 
the present it appears that regulations require a full- 
time control operator be present; in any case, a fully 
automated gateway station is beyond the reach of all 
but a few. 

Operation through a gateway is not intended, and 
certainly cannot, replace the fun and flexibility of 
establishing and operating your own autonomous 
satellite station. Assembling a station and learning the 
techniques required to be successful in satellite com- 
munications is not particularly difficult; it does, 
however, require some understanding of the basics. 
AMSAT, the organization that built and operates 

AO-10, invites the membership of interested in- 
dividuals and orginizations. One of AMSAT's main 
functions, aside from building and operating satellites, 
is instructing users and would-be users in their 
operation. 

Whether working DX or just chewing the rag, 
nothing can beat satellite operating. Gateway access 
to AO-10 offers the newcomer an opportunity to "fly 
before you buy," in the sense that AO-10 operations 
can be sampled, without the expense of upgrading an 
existing station to full AO-10 capability. And for apart- 
ment dwellers who may experience difficulties in erec- 
ting suitable antennas (although many have done just 
that using a well-situated balcony, for example), us- 
ing a local gateway may afford the best opportunity 
ever for working international DX from the comfort 
of your own easy chair, with your HT firmly in hand. 

Further information and guidance on the use of gateways and mem- 
bership in AMSAT is available from AMSAT, P.O. Box 27, Washington, 
D.C. 20044. 

ham radio 
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Mike Henderson, NGJFD, at controls of his gateway station 
in Camarillo. California 

A n  important  milestone in Amateur Radio was 
reached when two Amateurs in West Virginia and Cali- 
fornia became the first to QSO through an Amateur 

' Radio satellite using 2-meter FM HT's. KBGDDQ in 
Camarillo, California, and KD8GL in Wheeling, West 
Virginia, established contact at 1458 UTC on May 28, 
1984. 

The historic event was facilitated by "gatewayUsta- 
tions that connected local terrestial repeater systems 
to the high-flying AMSAT OSCAR 10 (AO-10) satel- 
lite. Though CW QSO's in which one of the stations 
keyed the transmit switch of an HT as a crude key have 
been reported, it is believed that the May 28 QSO was 
the first in which both participants used HT's. 

Operating from West Virginia, KD8GL used his HT 
to talk through the Triple states Radio Amateur Club 

Don Knollinger, WBIIZTV, at controls of his gateway station 
Repeater, KD8GLIR. Signals from the repeater were in Moundsville, West Virginia. 
picked up by the local gateway station, WB8ZTV, 
which converted from FM to SSB and to the 435 MHz 
OSCAR 10 uplink frequency. Signals were then 
beamed by WB8ZTV to OSCAR 10, high over the 
Western Hemisphere. 

In Los Angeles, meanwhile, gateway station NGJFD 
tuned to the AO-10 downlink frequency and converted 
the SSB back to FM, retransmitting the signals to the 
WAGOBT repeater, to which KBGDQ was tuned. The 
return path to Wheeling mirrored this path. 

The repeaters and the gateway stations operated full 
duplex, and the QSO's were two-way. According to 
monitors, signals in both directions were excellent. 

The W7LWE repeaterlgateway in Lake Havasu City, 
Arizona, joined in later, making this the first three-way 
gateway operation and effectively linking Amateurs in 
three states via OSCAR 10's trunking capabilities. 

Also participating in the May 28 linkups were KR3V, 
K8AN, K2QWD, NGIAW, W7MCF, and others. 

Just one day before the 2-meter HT contact, the 
Wheeling gateway was linked for three continuous 
hours to the expert satellite station ZLlAOX in Christ- Karen Henderson, KBGDDQ, operated one end of the link with 
church, New Zealand, thereby confirming the long- only her HT from CamariIIo, California. 

duration coverage expected from OSCAR 10. 
AMSAT suggests that using gateway interconnects For a free information kit, send an SASE to AMSAT. Department GW. P.O. 

Box 27. Washington. D.C. 20044. 
may be the best way to demonstrate the capabilities 
of OSCAR 10 to prospective users, at no cost to them. Photos courtesy of Asterisk Design. 
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Uplinkldownlink at WBIZTV uses array at center; 70 cm up, 
2 meters down. 

KBGDDQ tuned to the WA6OBTfR repeater in Thousand Oaks. 
California, shown here with ownerloperator Larry King. 

Personally, I think that nothing can beat the flexibility 
of having your own OSCAR station, but for those just 
starting out, this seems to be a good way to taste the 
wine before you buy the bottle! 

ham radio 

,@ # K.V.G. 

I 9 MHz CRYSTAL FILTERS 
APP~~. Band. 

MODEL callon width Poles Prlce 
XF.9A SSR 2.4 kHz 5 $ 53.15 
XF.96 5SB 2 4  kHz 8 72.05 
XF.98-01 LSB 2.4 kHz 8 95.90 
XF.9B.02 USE 2.4 kHz 8 95.90 
XF.9B.10 SSB 2.4 kHz 10 125.65 

XF910 IF nolse 15 kHz 2 17.15 

10.7 MHz CRYSTAL FILTERS 
XF107.A NBFM 12 kHz 8 $67.30 
XF107-8 NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67.30 
XF107.D WBFM 36 kHz 8 67.30 
XFlO7-E P~xIData 40 kHz 8 67.30 
XM107.SO4 FM 14 kHz 4 30.15 
Export Inquiries Invlled. Shipping $3.50 

MICROWAVE MODULES VHF & UHF EOUIPMENTS 
Use your exlstlng HF or 2M rlg on other VHF or UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $249 95 
1296 MHz GaAsFET MMk1296.144G 149 95 
4321435 MMc432.2WS) 74.95 
439-ATV MMc439.Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144.28 54.95 
Opllons: Low NF (2.0 dB rnax.. 1.25 dB mar.), other bands 8 IF'S available 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output. 2M ~n MM11296-144.G $299 95 
4321435 10 W oulpul, 10M ln MMt437-28(S) 259 95 
144 MHz 10W OUIPUI, 1OM in ~ ~ 1 1 4 4 - 2 8  169 95 
Other bands & IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W ou lp~~t  UT1296BL ASK 
4321435 100 W oulpul MML437-100 369 95 

50 W oulplrl MML432.50-S 199 95 
30 W output MML432-30tS 179 95 

144 MHz 100 W oulpul MML144-1M)-LS 249 95 
50 W outpul MML144-50-S 199 95 
30 W oulpul MML 144-30-LS 109 95 
25 W 0u lp~t  MML144-25 99 95 

All models include VOX TIR sw~tching. 
"L" models 1 or3W drlve, olhers 1OW drive. 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420.450 MHz MULTIBEAMS 
48 Elemenl 7OIMBM48 15 7dBd 
88 Elemenl 70lMBM88 18.5dBd &, $zE 
144.148 MHz J-SLOTS 
8 over 8 Hor pol D812M 12 3 dBd $63 40 
8 by 8 Verl pol DAIZM-verl 12 3 dBd ASK 
10 + 10 Tw~sl lOXYl2M 11.3 dBd 79.95 

UHF LOOP YAGlS 
1250.1350 MHz 29 loops 12964Y 20 dBi $44.95 
1650.1750 MHz 29loops 1691.LY 20dBi 55.95 
Order LOOD-Yaol connector extra: Type N $14.95. SMA $5.95 . - 

Send 40s (2  slamps) lur lull dela~ls of all you1 VHF 8 UHF equlp- 
men1 an0 KVG crvslal Droduct requlremenls 

INAL, Ih 
e Box 1C 
742, U.S 
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KPA5 1 w A l T 7 0  CM ATVTRANSMI~TER BOARD 
APPLICATIONS: Cordless poflable TVc;am~r.~ I r 1 l  f a r  t's R ottlt.1 put?18r ,.+,rvlce 
t.vr.nls. remole VCR, e lc  Remole control of R.C ntrptanes or rohots Show home 
vtdro lapes, computer programs. repeat SSTV l o  local AlVers OX depends on 
anlennas and lerraln typ 1 l o  40 miles 

FULL COLOR VIDEO 6 SOUND on one small 3 25x4 board 

RUNS ON EXTERNAL 13.8 VDC a1 300 ma supply or baltew 

TUNED WITH ONE CRYSTAL on 426 25 404 0 or 439 25 mHz 

2 AUDIO INPUTS tor a low Z dynamlc and lane level audlo Input lound In most 
portable color cameras. VCRs, or home compulers 

APPLICATION NOTES 8 schemallc supplied tor typical external connecl~ons 
packag~nq and system operallon 

PRICE ONLY 5159 delivered vla UPS surlace In the USA Technlc~an class 
amateur I~cense or hlgher requ~red lor purchase and operation 

WHAT IS  REOUlRED FOR A COMPLETE OPERATING SYSTEM? A TV set wlth a 
TVC 2 or TVC.4 420-450 mHz lo  channel:] downconvrrter 70 cm antenna, andcoax 
cable l o  recelve Package UP the KPA5, add 12 lo  14 vdc, antpnna. and .my TV 
camera. VCR. or compuler w ~ t h  a compostte vldeo output Stmple eh? 

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more ~ n t o  on atv 
downconverters. antennas. cameras. e lc .  or who  1s on In your area 

TERMS V13a Mastercard or cash only UPS COD by I r l rphonr or ma, Telt."hone> 
0101"S8 IX)StRI MO usually s h ~ ~ [ 1 e d w ~ l h ~ n 2  day5 ~ l l o l h e t  check9 musl CIPRI l ~ r f o r r ~  
sh8pmrnl T~ansm~l l~nt l  ruu#pmc.nl so-d only l o  I crnsrr l  amlalt..ofs ut.rdocd on 19HA 
C;~llttook Call1 ~nr lude sales lax 

(81 8) 447-4565 m-f 8am-6pm pst. 

P.C. ELECTRONICS 2522 Paxson Lane 
Tom W6ORG Maryann WB6YSS Arcadia CA 91 006 
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the FM advantage 
An Amateur's view of 

frequency-modulation theory 

Do you ever wonder why you don't hear any igni- 
tion or static noise on your 2-meter FM transceiver 
but at the same time, often hear nothing but static on 
40 meters? Or why the local FM broadcast station al- 
ways sounds so much better than its AM counterpart? 
Well, the answer lies in the theory of modulation, and 
in the receivers that detect this modulation. 

Although VHF-FM has become the most popular 
mode on the 2-meter band, few Amateurs really under- 
stand what goes on inside their "black boxes." This 
article should help to explain some of the apparent 
mysteries of FM. 

historical development 

Although the theory of frequency modulation had 
been explored many years earlier, it wasn't until about 
1935 that a demonstration by Major Edwin Armstrong 
showed the advantages of FM over conventional am- 
plitude modulation. These tests were conducted in the 
Yonkers, New York, area from Amateur Radio station 
W2AG, using VHF equipment. 

Although World War II disrupted the development 
of commercial FM transmission, FM had, by that time, 
established a strong foothold in the communications 
field and was used during the war on frequencies high- 
er than 30 MHz. The years following the war saw the 
growth of the commercial FM-broadcast industry with 
its "wideband" high-fidelity music, and programming. 
The middle 1950s brought about narrowband FM 
(NBFM) transmission, particularly on the high end of 
10 meters. In the 1960s, channel agreements were 

negotiated for the 2-meter band, and a whole new era 
began - channelized 2-meter FM. This concept has 
spread to all of the Amateur VHF bands. 

But why is FM better than AM? Let's look at some 
basic ideas about modulation. 

modulation theory 
Modulation can be broadly defined as the transmis- 

sion of data on an electromagnetic wave. For com- 
mon telegraphy (A1 transmission or CW) the presence 
or absence of a signal with respect to time comprises 
the modulation. Conventional amplitude modulation 
imposes a modulating signal upon an RF carrier. The 
resultant summation of these two signals is the 
variance in amplitude of the RF carrier at a rate of 
change equal to that of the modulating signal. That 
is, the amplitude of the carrier physically changes from 
some minimum level to some maximum level in pro- 
portion with the amplitude of the modulating signal. 
The frequency of the RF carrier remains the same. In 
an FM system, the modulating signal does not vary 
the amplitude of the carrier. Instead, the frequency 
of the carrier changes. This is the basic difference be- 
tween AM and FM transmission, (see fig. 1). 

Now that we know what is being changed by the 
modulating signal in an AM or FM system, let's see 
why it makes a difference. Major Armstrong correct- 
ly theorized that manmade and atmospheric static, or 
"noise," was amplitude-specific in nature. A lightning 
stroke generates RF signals at many frequencies (typ- 
ically the entire LF through VHF spectrum) which all 
have different random amplitudes. The result is that 
we hear a loud, scratchy sound on conventional AM 
broadcast receivers, and on most AM, CW, or SSB 
receivers as well, no matter how good they are! The 
reason for this is that the AM receiver has no means 
of discriminating between the desired transmitted AM 

By R.J. Decesari, WASGDZIG, 3941 Mt. Brun- 
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I 

i cARR4ER 

MOOUL ATING W R I l N G  F REOUENCI  

SIGNAL CARRlER 

fig. 1. Basic differences between A M  and FM trans- I mission. 

Cow 'c ' H I G H  

FREOUENCY 

fig. 2. Relationship between carrier center frequency, 
deviation, and variation. 

signal and the undesired AM static crash. The receiver 
is amplifying and detecting both signals simultaneously 
(as it was designed to do) and putting them both in 
your ear! 

Consequently, amplitude-specific noise is difficult 
to detect with an FM system because there is no am- 
plitude detector in an FM receiver! An FM receiver is 
looking for changes in frequency, not amplitude; it is 
for this reason that there is a qualitative improvement 
over an equivalent A M  system with respect to static 
and noise. 

With an FM transmitter, three terms must be ad- 
dressed before we can proceed with this discussion: 
deviation, modulation index, and deviation ratio. 

Deviation is defined as the amount of frequency 
change of the carrier when modulated by a signal of 
a unique frequency - that is, if we were to apply a 
I-volt peak-to-peak (e.g., + 0.5 Vp and - 0.5 Vp) sig- 
nal of 700 Hz, it would cause the carrier to change fre- 
quency to plus and minus some specified amount at 
a rate equal to the modulating frequency, which is 700 
Hz. This "specified amount" of frequency change is 
called the deviation. It is "specified" because the 
amplitude of the modulating signal is what specifies 
it; for example, a 2-volt p-p 700-Hz modulating signal 
creates more frequency deviation than a I-volt p-p sig- 
nal. (The deviation is adjustable by the gain of the 
modulating circuit.) From 0 to +0.5 volt, the carrier 
will deviate in the "plus-frequency" direction; from 0 
to -- 0.5 volt, the carrier will deviate in the "minus-fre- 
quency" direction. Therefore, the total change of fre- 
quency is 2 times the deviation (see fig. 2). 

Now that we are deviating the carrier, let's talk 
about modulation index. As we've just seen, the devia- 
tion is related to the amplitude of the modulating sig- 
nal. But what about the modulating frequency? It 
would appear to have some effect - and it does. The 
modulation index is defined as: 

deviutiorl 
mod jndex = modulating frequency 

In effect, then, the modulation index is a ratio, or a 
pure number - i.e., the units of the numerator and 
the denominator cancel each other. It can be thought 
of as simply a parameter that describes the operation 
of the system. 

The deviation ratio is similar to the modulation 
index: 

dev~atiotz raflo = 
maximum freqtiency deviation 
highest modulafing frequency 

One may consider the deviation ratio as a "maximized" 
modulation index. For example, a I-volt p-p, 1 kHz 
modulating signal may deviate the transmitter plus and 
minus 25 kHz. Then: 

tnod index = 25 kHz = 25 I kHz 

But what about a 1-volt p-p, 3 kHz signal? 

mod index = 25 kHz = 8.33 3 k H z  

The modulation index is not necessarily the same 
under all conditions. However, if we define the 3-kHz 
tone as the highest modulating frequency that the 
transmitter will "see," and state that the I-volt p-p 
amplitude will give the greatest frequency deviation 
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(25 kHz), then we define a system parameter or con- is not the case; typically, our receiver might have a 
stant. For this sample, then: noise figure (the amount of internally generated noise) 

of, let's say, + 10 dB. Then, with the noise power as 
deviation ratio = 2m = 8.33 3 kHz  calculated, the receiver would have a noise threshold 

Thus, the fine line between deviation ratio and modula- of - 153.97 dBW. That is, any carrier that arrives at 

tion index has been established. But why is this im- the antenna terminal of the receiver with a power level 

portant? Because the theory of FM improvement is of less than - 153.97 dBW would be buried in the 

based upon the modulation index (and deviation ratio) noise. 

of the transmitted signal. Continuing this example, if a carrier had a power 
level of -- 143.97 dBW, it would be + 10 dB above the 

receiver noise 
When there is no signal present at the input of a 

receiver, we hear "background noise" consisting of 
both ambient thermal noise generated by the move- 
ment of electrons in molecules of matter and noise 
generated within the components of the receiver. The 
magnitude of the noise may be calculated in terms of 
units of power - i e . ,  watts per Hertz. Specifically, 
the ambient noise power in any 1 Hz of spectrum can 
be calculated by the equation: 

noise power P, = k T  (in watts/Hz) 

where K is Boltzman's constant = 1.3803 x 10 -23 

Joulesldegrees Kelvin, and T is the absolute temper- 
ature (in degrees Kelvin) of the ambient surroundings. 
(Room temperature is about 290 degrees Kelvin.) 

This formula can be expanded to determine the 
noise power of a specific range of frequencies by sim- 
ply multiplying the power for 1 Hz by the total band- 
width to be analyzed: 

noise power P,, = kTB (in watts) 

where B, usually the receiver's IF selectivity value, is 
the bandwidth of spectrum under consideration in 
Hertz. 

For a 2-meter receiver with 10 kHz of IF passband, 
the theoretical noise power is: 

= 4.0029 x 10-17 watts 

Most communications engineers prefer to speak in 
terms of dB. This calculated power level will now be 
referenced to 1 watt: 

P" = 10 log 4 . 0 0 3  x p 1 O ~ 7 ~ t ~ s  
I watt 

This number is the theoretical natural noise power level 
in 10 kHz of the 2-meter Amateur band at about 62 
degrees F (290 degrees Kelvin). 

If we had a perfect receiver whose components did 
not generate noise, then the noise-power level at the 
receiver output speaker would be the same as the 
noise-power input at the antenna. As we know, this 

noise power level. Or, stated another way, the carrier- 
to-noise ratio is + 10 dB. This is expressed as follows: 

CI = carrier power at input 
noise power at input 

Remember, even though division is implied by C I / N , ,  
because we are working in dB, the quantities are sub- 
tracted for division operations and added for multipli- 
cation operations. This + 10 dB carrier-to-noise power 
is what is at the receiver's input. Now, if we listen to 
the output of the receiver, we have a signal coming 
out of the receiver at some level. If we remove that 
signal by, for example, turning off the transmitter, we 
then hear the noise level. This output relationship is 
defined as the output signal power divided by the out- 
put noise power: 

So = output signal power 
N output noise power 

fig. 3. Typical input and output responses for A M  and I 
FM reception. Input numbers follow the example given 
in text. 
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This ratio, So/NO, depends on the actual character- 
istics of the receiver. Obviously, a "quiet" receiver, 
for a given C I / N I ,  will have a relatively high corre- 
sponding So/No; if the receiver is of lesser quality, 
then N, will be greater and the output So/No will con- 
sequently decrease. 

A M  and FM compared 
This comparison between C I / N I  and So/N, is often 

referred to as the signal-to-noise performance of a re- 
ceiver, (see fig. 3). 

AM noise performance shows an approximate 1 :I 
correlation - i.e., if C I / N I ,  increases by one unit, so 
will SO/No. However, at a specific power level above 
the noise, typically about 10 dB above the noise 
threshold ( - 153.97 dBW in our previous example), 
the FM system equals the AM response and starts 
shooting up more rapidly than the A M  system. There- 
fore, for C I / N I ,  greater than about - 143 dBW as in 
our example, we see a higher corresponding S,/N, 
with FM than with AM. The amount of improvement 
is called the FM-improvement ratio, and is directly 
related to the modulation index! The improvement 
ratio is: 

FM improvement ratio = 3(mod index)2 

Between - 153 dBW and approximately - 143 dBW, 
an AM system is superior to FM. However, for practi- 
cal purposes, this improvement is not really noticeable 
in the noise. 

NBFM compared 
Let's look at our Amateur NBFM signals and see 

how they compare to wideband FM, SSB, and AM. 
Fig. 4 illustrates this relationship between S,/N, and 
input signallnoise level, SI /NI .*  As can be seen from 
both fig. 4 and the FM-improvement formula, the ac- 
tual amount of improvement is greater with high mod- 
ulation indices. Notice that wideband FM systems 
(such as are used by commercial FM broadcasting sta- 
tions, and which are restricted to 75-kHz deviation by 
the FCC) provide the greatest amount of So/N, im- 
provement. It does this, however, at the expense of 
weak signal detection; in other words, your FM stereo 
receiver may not be as sensitive as your AMISSB 
communications receiver. However, for signals just 
above the minimum-detection threshold level, the out- 
put level shoots up very quickly, and the FM stereo 
receiver provides a better So/No response to these 
weak signals than the AMISSB equipment. The same 
is true for Amateur 2-meter NBFM transmissions (with 

-- 

"When referring to SSB modulation, the term Ci (carrier input level) is mis- 
leading since the carrier has been suppressed. Signal input level (Si) is more 
accurate, and for this analysis is essentially the same as Ci. 

INCREASING S, /N, /dBW) -----r 

fig. 4. Typical receiver response curves for common mod- 
ulation techniques. Power levels are approximate. 

5-kHz deviation), with the exception that the sensitivity 
is improved at the expense of the amount of FM im- 
provement. In practice, the NBFM improvement be- 
comes apparent at such significantly low signal levels 
that we perceive FM detection to be invariably superior 
to AM. This is why FM has effectively replaced A M  
transmission on the 2-meter Amateur band even 
though A M  is theoretically better at signal levels just 
slightly above the ambient noise level. Finally, we see 
that single-sideband suppressed-carrier systems offer 
a fixed improvement ratio over A M  also. This can best 
be appreciated by realizing that the SSB voice chan- 
nel is half of the bandwidth of a double-sideband AM 
system. Consequently, the ambient noise power in the 
SSB channel is less than in the AM voice channel. This 
results in a better S l /NI  number and a corresponding- 
ly higher signal-to-noise output number. 

This is why FM 2-meter rigs seem to provide such 
clear voice reproduction. Next time you operate on 
FM, square your modulation index and multiply it by 
3; you'll then know exactly how much improvement 
over AM is possible. 
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220-MHz EME 
requirements 

The 220-225 MHz Amateur band has 
long suffered from the "I'll look into 
that band later" attitude. This wasn't 
helped by the fact that many services, 
especially the citizens' band radio ser- 
vice, had designs on this spectrum. 
Radars were also prevalent in some 
parts of the USA mainland, particularly 

band has lagged behind the other 
bands, but that's changing fast. 

With much of this month's issue 
dealing with specialized communica- 
tions, I thought this would be a good 
time to review the EME (Earth-Moon- 
Earth) capabilities and operational re- 
quirements of this band. This informa- 
tion, especially in regard to equipment 
selection, can also be applied for those 
who just want to update their present 
gear for normal propagation modes. 

mance yields a 2 dB system improve- 
ment: 1 dB on receive and 1 dB on 
transmit. This is especially important 
on EME, where antennas are large in 
comparison to those used on other 
modes of communications. Good 
clean patterns are also desirable with 
side, rear, and grating lobes (the lobes 
that result when two or more anten- 
nas are stacked) down at least 13-15 
dB to get all the transmitted power 
aimed at the moon and to pick up the 

near the coasts. Little or no commer- least amount of ambient or galactic 
cia1 equipment was available for this requirements for noise (noise from outer space) on 
band. 220 M H z  E M E  receive. 

These negatives have all been turn- 
ed around. The FCC has said "no" to 
the CB'ers and others seeking to claim 
this valuable frequency range; the 
radars have ceased operation; and 
commercial equipment is now avail- 
able up to the Amateur Radio legal 
power limit. 

Many VHFers have "done their 
thing" on 2 meters and are now look- 
ing for a new challenge. The 220-225 
MHz band has much to offer them. In 
many ways it is like 2 meters without 
all the QRM! Equipment is very simi- 
lar to 2 meters with smaller antennas 
a big plus, and local ambient noise and 
sky noise temperature are usually less 
than on 2 meters. Propagation is also 
similar, with meteor scatter and EME 
gaining increased popularity, especially 
since the introduction of the ARRL 
VUCC (VHFIUHF Century Club) 
award on January 1, 1983. 

As this issue went to press the first 
intense sporadic E contact on 220-225 
MHz had yet to occur.' The first few 
WAS certificates were recently award- 
ed (in December, 19831, ironically 
several years after WAS was accom- 
plished on a more difficult band, 70 cm 
(432 MHz). The first 220 MHz EME 
QSO didn't take place until 1970, well 
after it was accomplished on 2 meters, 
70 cm, and 23 cm (1296 MHz).2 This 

The basic EME strategy should be to 
build a station that has the capability 
of hearing your own echoes, because 
this will allow you to evaluate your 
equipment and any other changes or 
improvements that you make.3 Based 
on a O-dB signal-to-noise ratio and no 
Faraday rotation (a random change in 
polarity that occurs when a VHFIUHF 
signal passes through the ionosphere), 
compliance with the following 220- 
MHz EME requirements will yield 
marginal echoes: 

path loss: 256 _+ 1 dB 

minimum antenna gain: 22 dBi (ap- 
proximately 20 dB over a dipole) 

maximum receiver noise figure: 2.0 
dB (referenced to the antenna feed) 

minimum transmit power: 500 watts 
output (at the antenna feedpoint) 

receiver bandwidth: 500 Hertz 
maximum 

Improvements above these minimum 
requirements such as increased anten- 
na gain or output power will improve 
results accordingly. 

antennas 
As pointed out in reference 3, the 

most important part of an Amateur 
station is the antenna system because 
every dB of improved antenna perfor- 

Yagi antennas, especially in this fre- 
quency range, are popular because 
they are easily constructed, easy to 
stack, and relatively small for the gain 
obtained. Hence, an array of high gain 
Yagis is presently the most common 
antenna used on 220-MHz EME. 

The 4.2 wavelength NBS Yagi is the 
most common design presently in use 
on 220-MHz EME.4,5 Properly 
duplicated, its gain is about 14.2 dBd. 
I t  works best when stacked 8-1 I 2  feet 
(2.6 meters) apart in the "E" (horizon- 
tal) plane and 8 feet (2.44 meters) apart 
in the "H" (vertical) plane. If all 
feedlines are kept short with equal 
lengths and a good in-phase power 
divider is used, four of these Yagis will 
yield close to 22 dBi of gain, the 
minimum requirement for 220-MHz 
EME communication as stated above. 
One commercial manufacturer offers 
this Yagi with a trigonal reflector. 

Several 220-EME stations are using 
these Yagis stacked 4 wide and 2 high 
or vice-versa, using the same spacings 
indicated above. The typical gain is 
now about 24 dBi; this yields good 
echoes and improves the performance 
and ease of working the smaller sta- 
tions who have met only the minimum 
EME requirements as specified above. 

Some stations are using arrays of 
the 3.2 wavelength NBS Yagis, but 
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they are marginal unless at least six are 
used or the station scheduled has a 
larger setup to make up the difference 
for the 1 dB lower gain per Yagi.4,5 
Proper stacking for this antenna is 8 
feet (2.44 meters) and 6 112 feet (2 
meters) in the "E" and "H" planes, re- 
spectively. 

Another antenna that has been 
used on  220-MHz EME is the 
WB6NMT 11-element YagL6 This 
antenna, a result of the Greenblum 
designs,' is also commercially 
available. WBBTEM has redesigned 
this particular antenna by extending 
the boom about 54 inches (1.37 
meters) and adding 3 additional direc- 
tors for increased gain. Each additional 
director is spaced 18 inches (45.72 cm) 
further down the boom and directors 
4 through 11 are tapered slightly dif- 
ferently than they were in the original 
design. WBBTEM and WBSD each use 
arrays of 16 of these redesigned Yagis 
at their home stations and also have 
an 8-antenna array which they have 
used very successfully on portable 
EME from over 15  state^.^ Recom- 
mended stacking for this arrangement 
is 8 feet (2.44 meters) and 7 112 feet 
(2.29 meters) in the "E" and "H" 
plane, respectively, and slightly closer 
(perhaps 6 inches or 15.25 cm) for the 
shorter version. 

A more recent trend is to use the 
least number of antennas in the array 
by designing a Yagi with the longest 
boomlength po~s ib le .~  In this regard, 
the DL6WU designs are recom- 
mended.1° Indeed, one commercial 
antenna manufacturer has just an- 
nounced the availability of a long- 
boom (30 feet or 9.15 meters) Yagi 
from these designs. 

A few 220-MHz EME stations use 
parabolic dishes varying from 24 to 42 
feet (7.3-12.8 meters) in diameter. 
Dishes are especially popular with 
operators who work EME on two or 
more bands because only the feed 
system has to be switched to change 
frequency. Furthermore, if the feed 
system is properly designed, it can be 
rotated or switched in polarity to off- 
set the affects of Faraday rotation and 
thereby improve the chances of a com- 
pleted EME QSO. 

fig. 1. Antenna feed system used by 
KSFFIW5FF to feed their 30-foot (9.15 meter) 
dish. (See text for dimensions.) 

A 24-foot (7 meter) diameter dish 
meets the minimum requirement for 22 
dBi of antenna gain. As stated in 
reference 3, an F ID (focal length over 
diameter ratio) of 0.43 to 0.55 is 
recommended because it is the easiest 
to feed. At this frequency, the EIA 
reference feed is quite large (4 112 feet 
or 1.37 meters square) so other feed 
systems or variations have been used. 
WB5LUA modified the EIA reference 
feed by replacing the screen and driven 
elements with a pair of 2-element 
Yagis spaced 112 wavelength and 
placed diagonally on the corners of his 
70-cm EIA feed.3 The reflectors, ap- 
proximately 5 percent longer than the 
driven element, are placed 114 
wavelength behind it. His dish is 24 
feet (7 meters) in diameter with a 0.49 
FID ratio. K5FF and W5FF use two cir- 
cular loops spaced 14 inches (35.6 cm) 
apart, similar to a quad (fig. 1). Each 
element is made from 118-inch (3-cm) 
diameter wire with the driven element 
54 inches (137 cm) and the reflector 56 
314 inches (144 cm) long. A 1 /4  wave 
92-ohm Bazooka type balun completes 
the match to the 170-ohm feed point 
impedance. Their dish is 30 feet (9.15 
meters) in diameter with a 0.43 FID 
ratio. 

Typical half-power beamwidths for 
a 22 dBi gain antenna at 220 MHz are 
12 to 13 degrees, so some of the 
medium sized rotators such as the 
HAM-M series are useable on the 
smaller antenna arrays. For temporary 
operation, setting circles and a protrac- 
tor/level can serve very well for deter- 
mining true elevation. The later 

method was used on our recent New 
Hampshire 220-MHz EME DXpedition 
(fig. 2). However, larger Yagi arrays 
may require a commensurately 
stronger and more accurate rotator 
system such as a prop-pitch motor and 
~e l syns .~  

receivers 
Most 220-MHz EMEers use antenna- 

mounted very low-noise preamplifiers 
ahead of a crystal-controlled down- 
converter. The latter, usually located 
at the operating position, feeds a 
suitable high-frequency receiver. The 
converter should have a noise figure of 
2-4 dB maximum with no less than 20 
dB image rejection, and should be 
reasonably free from overload (a 
potential source of interference is from 
TV channels 12 and 13). 

If you build your own converter, I 
recommend the use of a high dynamic 
range preamplifier," a double- 
balanced mixer,12 and a 28.1 MHz IF. 
For 220.0 MHz, use a 191.9-MHz local 
oscillator derived from a 95.95-MHz 
crystal oscillator and doubler.12 There 
are many commercial converters 
available. The IF requirements such as 
stability and bandwidth, among 
others, are spelled out in detail in 
reference 3. 

Many operators prefer to use trans- 
verters on 220 MHz. One of the most 
popular early arrivals on the 220-MHz 
scene is the modified Microwave 
Modules MMT-220128, available 
through VE3CRU on special orders. 
Other transverters are now available 
from commercial manufacturers. If 
you prefer to "roll your own" trans- 
verter, circuitry is available in refer- 
ences 12 and 13. If you are ambitious, 
W9SR has recently published a design 
of a complete transverter for the 
homebrewer.14 

preamplifiers 
Low-noise GaAs FET (Gallium 

Arsenide Field-Effect Transistor) 
preamplifiers are now in wide use on 
220 EME operation. Noise figures of 
less than 1.0 dB are easily obtained 
even with low cost devices, and this 
is more than adequate with the sky 
temperatures prevalent on this band. 
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One of the most popular circuits is the 
W6PO design.'" His original GaAs FET 
circuits used devices selling for $25.00, 
but devices such as the Mitsubishi 
MGF-1202 can easily provide a noise 
figure of 0.5 dB in this circuit at a cost 
of less than $10. Other choices are the 
newer low-cost dual-gate GaAs FETs 
primarily aimed at the UHF TV market. 
They will operate in the same circuits 
providing that an extra intermediate 
voltage 11.5-3 volts) is applied to the 
second gate. Some typical low-cost 
devices are the Mitsubishi MGF 1100, 
NEC NE41137, Toshiba 3SK121 and 
the more recent arrival, Motorola 
MRF966 "sleeper" ($3.55 in a single 
quantity). l6 

' preamplifier isolation is still a prob- 
lem at 220 MHz. If you want long life 
for your input device, a dual relay pro- 
tection scheme such as the one dis- 
cussed in reference 3 is highly recom- 
mended! Reference 3 also points out 
that additional spacing is needed be- 
tween the two cascaded relays if the 
ultimate isolation is to be obtained. 

transmitters 
Most 220 EMEers prefer to use an 

up-converter or transverter driven by 
a 28 or 50-MHz exciter. This provides 
the necessary accuracy, flexibility, and 
stability required for EME. As pointed 
out in the receiver section of this arti- 
cle, designs are available in references 
12, 13, and 14. Commercial transvert- 
ers such as the Microwave Modules 
MMT 220128 and others are available. 

The majority of high-power ampli- 
fiers used on 220 MHz require greater 
than 10 watts if full output is required. 
Most operators either build or buy a 
moderate power (25-60 watt) solid- 
state driver. Many circuits have been 
published and many are available 
commercially. 

Until recently, 4CX250B-type tubes 
were used in either a modified push- 
pull plumber's delight with tubing and 
flapper plates1' or in the parallel kilo- 
watt unit similar to the K2RIW 70 cm 
design.18 8930 tubes can be substi- 
tuted for the 4CX250Bs if greater 
power is required. 8874s18 or the 
newly announced ElMAC 3CX800A7 

fig. 2. Portable EME antenna system used by W1JR. Eight 4 . 3  NBS-type Yagis are mounted 
on an 11-foot 13.35 meter) high tower. Main boom is a 30-foot (9.15 meter). 3-inch (7.6 cm) 
diameter irrigation tube. 

tube should also work well in this 
design if the input matching network 
and the output tank circuit are re- 
designed accordingly, but they will re- 
quire more drive (40-60 watts) than the 
4CX250Bs. 

One worthwhile amplifier to con- 
sider now available on the surplus 
market is the AM-6155. Listed as a 
50-watt driver manufactured by ITT, it 
is available from Fair Radio Sales 
for approximately $150. Included is a 
coaxial cavity amplifier complete with 
a tube (8930 typical) and 115 VAC 
power supply. With a few simple 
modifications, it will deliver 500-600 
watts of output power - not a big 
EME amplifier, but one to start with 
and one that's surely more than suffi- 
cient for other modes of operation.lg 

The recent (September 1, 1983) FCC 
change from measuring input to out- 
put power and the tantalizing possibili- 
ty of running legally up to 1500 watts 
output power has had a profound ef- 
fect on EME operations. No longer is 
efficiency a primary requirement. This 
has led to the use of slightly less effi- 
cient but higher output tubes. 

In this regard the 8877 is now 
becoming the most popular tube. It 
works well using either the W6P020 or 
the ARRL Handbook c i r c ~ i t . ~ '  (I have 
been unable to obtain sufficient data 
from the ARRL to clarify the use of the 

design in reference 21 .) W4WD, who 
has built it by scaling some of the 
missing information from the photo- 
graphs shown, suggests that you ex- 
tend the Teflon insulation on the plate 
tank to overlap at least 114 inch 
(6.35 mm) to prevent breakdown. He 
also experienced some regeneration, 
but cured it by using the input match- 
ing circuitry in the W6PO design. Both 
of these amplifiers will deliver 1500 
watts of output at good efficiency, but 
require 50 to 60 watts of drive, consi- 
derably more than 'required by typi- 
cal 4CX250B designs. Finally, most 
220-MHz power amplifiers have har- 
monics that are typically only 25-30 dB 
below the fundamental. Therefore a 
harmonic filter such as a series-tuned 
circuitT8 or a 1 14 wave (at 220 MHz) 
shorted stub should be placed across 
the amplifier output connector. 

feedlines 
Suffice it to  say that feedline losses 

should always be kept to a minimum, 
especially on EM€. A 0.5 dB loss 
ahead of a 220-MHz preamplifier is 
acceptable if a very low noise GaAs 
FET preamp such as the one just de- 
scribed is used. The transmitter 
feedline loss should be no greater than 
1 dB unless you are running the new 
legal power limit. 

Feedline loss is not such a problem 
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on 220 MHz. Losses are only about 66 
percent of those on 70 cm and about 
33 percent greater than on 2 meters. 
Hence, RG-213 coax cable is still 
usable for phasing lines in a Yagi 
array. However, 1 12 inch (12.7 mm) or 
larger hardline is recommended for the 
transmitter line. Of course, Andrew 
Corporation HeliaxTM is recommended 
for the ultimate in low loss. The new- 
ly announced Belden 9914 is similar to 
RG-213 with lower loss (approximate- 
ly 2.5 dB per 100 feet or 30.5 meters 
at 220 The Belden 9913 is even 
lower loss and is similar to RG-213 in 
size but uses an air dielectric. Either of 
these coax cables should be useable 
for phasing lines. A complete list of 
recommended feedlines is shown in 
table 1 of reference 3. As stated 
above, the 200 MHz line loss is approx- 
imately 66 percent of the loss listed in 
the table and the power handling capa- 
bility is approximately 150 percent of 
that shown for 70 cm, while the veloci- 
ty factor remains the same. 

system checkout 
Assuming that your station is now 

complete, it's time to go through a 
checkout to see if all your gear is 
working properly. The first step is to 
check VSWR. If it isn't below 1.5:1, 
and hopefully closer to 1.2: 1, it's back 
to the drawing board. Assuming an ac- 
ceptable VSWR, the output power 
should be measured both at the trans- 
mitter (to verify FCC requirements) 
and at the antenna to see that the 
transmitter feedline loss is low enough. 
At this point I'll reiterate the necessity 
of doing power and VSWR tests with 
an appropriate instrument such as a 
Bird Electronics model 43 or equiv- 
alent. Warning: do not stand in 
front of your antenna with high 
power applied because your body 
may absorb hazardous levels of RF 
radiation. 

Next, check out the receiver. 
Depending on the noise figure and sky 
temperature, the audio output from 
your receiver should decrease from 1 
to 2 dB as you elevate your EME 
antenna from the horizon to directly 
overhead. You may also move the 
overhead point several degrees one 

way or the other to find a "cold" spot 
which will yield the maximum drop in 
receiver output noise. Next, aim your 
antenna at the sun after noting the 
receiver output on the cold sky. The 
noise level should increase from 7-10 
dB depending on your antenna size, 
noise figure, and the conditions on the 
sun at the time of measurement. 
Check with another EMEer to compare 
figures that are presently being meas- 
ured. (This procedure is described in 
more detail in reference 3.) 

Now you can check for echoes; 
don't get frustrated if you don't hear 
any. (The Faraday rotation may not 
be cooperating.) Remember that the 
round-trip path to the moon is just over 
2.5 seconds, so long dahs or letters 
may be sent for test purposes. Also, 
doppler shift can be up to + 750 Hz on 
220 MHz. The maximum will be up to 
+ 750 Hz at moonrise and - 750 Hz 
near moonset, with little or no doppler 
when the moon is directly south of 
your QTH. If Faraday is uncooperative, 
wait 30 minutes to an hour and try 
again. Better yet, get another EMEer 
to either listen for you or transmit a test 
signal for you to listen for. 

scheduling 
220 MHz EME operation is usual- 

ly conducted between 220.005 and 
220.050 MHz with 220.020 MHz as the 
calling or CQ frequency. DXpeditions 
usually operate on 220.035 MHz and 
listen 5-10 kHz up. The activity is 
usually centered near perigee similar to 
the 70 cm EME weekend. To allow for 
those who work multiple bands, 220 
MHz EME is usually conducted in the 
Saturday eveninglsunday morning 
time frame. 

About a year ago, the 220 MHz 
EMEers decided to adopt the 70 cm 
scheduling and reporting system. 
Hence, the transmission/receiving 
periods are 2 1 12 minutes long, with 
the westernmost station (and DXpedi- 
tions) transmitting the first 2 112 
minutes of each 5-minute block. A "T" 
report indicates signals or letters 
received. An "M" report means that 
positive identification (both call signs) 
has been received, and is therefore 
valid for a contact, while an "0" report 

signifies "05" copy. The usual ac- 
knowledgements both ways with "R" 
completes the exchange. 

No formal 220 MHz scheduling is 
conducted as on 2 meters or 70 cm, 
so you will have to set up your own 
schedules until activity warrants more 
formal arrangements. However, the 
70-cm EME net is often used to set up 
220-MHz EME schedules. You can find 
this net between 1600-1700 UTC every 
Saturday and Sunday on 14.345 MHz. 
Many EMEers also meet to exchange 
schedules and information by using 
OSCAR 10 on a downlink frequency of 
145.950 MHz when the satellite is in 
view. 

summary 
You too can join the fun on a fre- 

quency that in many ways is less 
critical or demanding than 2 meters or 
70 cm yet still challenging. I have tried 
to sum up the state-of-the-art on 220 
MHz and provide a recipe for simple 
EME success. Because 220-225 MHz 
antenna systems are often smaller than 
those used on 2 meters, the lower sky 
temperature and the availability of 
suitable designs or commercial equip- 
ment make 220 MHz an ideal band for 
conducting EME schedules and experi- 
ments. There is also the challenge of 
attaining WAS on a band where this 
feat has only been recently accom- 
plished. Good luck - see you on 220 
soon. 
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DRAKE MN75 
ANTENNA TUNER 

The Drake MN75 matching network will optimize your system performance with a 
surprising range of features and flexibility. From 1.8 to 30MHz., the MN75 matches 
balanced lines, coaxial lines, or random wires. (Optional 8-1000 balun required for 
balanced lines.) RF output and VSWR readings are available at the push of a 
button. The rugged MN75 is rated at 200 watts continuous duty and features 
antenna switching as well as bypass capability. Get maximum power to your 
antenna system with the Drake MN75. 

- .  
DRAKE SP75 

SPEECH PROCESSOR 
The Drake SP75 Speech 
Processor packs the punch it 
takes to be heard! The SP75 is an 
RF type speech processor 
designed to give your signal that 
needed boost when the going 
gets tough. Connect the SP75 
between your microphone and 
your Drake TR7 or TR5 - that's 
all! Front panel switching gives 
you a bypass option as well as 
phone patch or tape player input. 
Special muting circuitry even 
allows you to operate VOX while 
using the SP75. The clipping level 
is adjustable and the LED 
indicator shows the proper audio 
input level. 

DRAKE CW75 
ELECTRONIC KEYER 
A no-nonsense keyer for the '80's: 
the Drake CW75. Smooth iambic 
keying (grid block or direct) is at 
your fingertips with either a 
squeeze key, semi-automatic 
"bug': or straight key. 5 to 50 
WPM capability with front panel 
speed control. Built-in side tone 
monitor with volume control. 
Operates from an external 7 to 14 
volt supply or a nine volt optional 
internal battery. 

- 
DRAKE P75 

PHONE PATCH 
Use your station to its fullest! The 
Drake P75 Phone Patch puts you 
on the front lines of amateur radio 
public service. With the P75, your 
station can be that vital link 
between the remote location and 
the folks back home. The P75 is a 
hybrid patch for use with the 
Drake 7-line or other transmitter1 
receiver combinations. Features 
such as inlout switching and 
adjustable RWTX level controls 
make the P75 Phone Patch the 
choice you can count on. 

R.L. Drake Company 540 Richard Street Miamisburg, Ohlo 45342 USA Phone (513)866-2421 Telex: 288017 
O COPYRIGHT 1984 R.L. DRAKE COMPAP 
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improving amplifier ALC circuits: 
part 2 

MLA-2500 input matching and 

tube protection circuits 

The MLA-2500 has acquired a reputation as a tube 
eater, and it's no secret that the cost of replacing the 
final tubes in the MLA-2500 has risen from $75 to $520 
in just ten years. This has left many MLA-2500 owners 
nervous about - if not fearful of - tube loss. The 
ALC and driver matching circuit described in this arti- 
cle should significantly decrease the possibility of tube 
loss due to overdrive. 

One problem that has plagued many MLA-2500 
owners is the lack of an input matching circuit. A Ken- 
wood TS-430, for example, is almost unusable with 
the MLA-2500. The success of the E.T.O. "Alpha" 
amplifier series has allowed several design ideas to be 
field-proven. I adapted the broadband, untuned input 
circuitry used in the small E.T.O. amplifiers to cure the 

input mismatch problem. The matching circuit is sim- 
ple to design and construct. Ten trifilar turns of No. 
18 enameled wire are wound on a T94-2 core. An elec- 
tric drill is used to twist three 15-inch lengths of wire 
together. (The completed coil is shown in figs. 1 and 
2. Fig. 3 shows the original input mounting around 
the input relay in an MLA-2500B. Fig. 4 shows the pro- 
per mounting of the input toroid. The wirewound 
"Non-inductive" swamping resistor used in the 
MLA-2500 was found to be too reactive to be of use 
and was removed. I constructed a 50-ohm, 40-watt 
non-inductive resistor suitable for swamping use from 
twenty 1-kilohm, 2-watt carbon resistors. I tightly 
packed the resistors into two groups of 7 and 13 
respectively (shown in figs. 5 and 6) and then 
mounted them as shown in fig. 7. The interconnec- 
tion is shown schematically in fig. 8. 

The next step in stabilizing the input impedance in- 
volved moving the cathode RF choke, RFC-4, from 
the ALC board, PC-1004, to the cathode area. Some 
older MLAs use an unbypassed RFchoke, RFC-7, al- 
ready installed in series with the cathode line to the 
ALC board. If no RFC-7 exists, remove RFC-4 from 
the ALC board and reconnect it between the cathode 
line common and an empty terminal on the barrier strip 
mounted between the tube sockets. Install a jumper 
between the ALC board terminals from which RFC-4 
was removed. Move the cathode return line to the bar- 
rier strip terminal and add a 0.01 pF bypass capacitor 
to ground as shown in fig. 8. After installation, the 
MLA-2500 will present less than a 1.3:l VSWR to the 
exciter on all bands from 80 to 10 meters; on 160 
meters the VSWR is 1.3:1. Although some variation 
in the value of the compensating capacitor, C,, may 
be required, 100 pF connected as shown in fig. 2 has 
proven optimum in all retrofits completed to date. The 
use of different core mate.rial and/or core size is likely 
to necessitate some variation in the value finally 
selected and the connection terminal. 

fig. I. Toroid input transformer consists of 10 trifi~ar turns on BY J. Fred Riley. W A ~ A J  N. 1721 Poplar Street. 
a ~ 9 4 - 2  core. Kenova, West Virginia 25530 
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fig. 2. Toroid internal and external connections show 
position of compensating capacitor. 

fig. 3. MLA-2SOOB input relay area before modification. 

ALC 
The final modification to the MLA-2500 may well 

be the most important and beneficial to improved per- 
formance. The technique employed is a modified ver- 
sion of the circuit used in the E.T.O. Alpha 77. It is 
a grid-current-derived ALC circuit that uses readily 
available Radio Shack parts. I could not use the 
original Alpha 77 circuit because it uses a positive sam- 
ple voltage whereas negative is used in the MLA-2500. 
In installing the ALC circuit I also remounted the ther- 
mal sensor and increased the voltage to the cooling 
fan. 

I remounted the thermal sensor, SW-3, shown in 
fig. 9, from behind the 40-meter loading padder, C42, 
to behind the 80-meter loading padder, C46. The final 
position is shown in fig. 10. Why the inside tube 
should run hotter is not obvious. Nevertheless, the in- 
side tube does run hotter, and moving the thermal 
switch makes sense. Perhaps the bandswitch disturbs 
the airflow. You may wish to replace the cooling fan; 
after extensive evaluation of cooling fans, the Rotron 
WR2A1 "Whisper" is highly recommended. It is both 
quiet and efficient. I also removed R20, a 500-ohm, 
10-watt resistor, from the thermal sensor circuit. When 
I removed R20 and rewired around it, I saved the ther- 
mal strip and remounted it to the bottom of the chassis 
below the 40-meter loading capacitor, C42, using 
C42's mounting screw. This terminal strip is used in 
the ALC circuit and is shown at the top center of fig. 
7. Fifty milliamperes, the new maximum grid current, 
represents only one-twentieth scale on the original 
MLA-2500 meter. By replacing the grid shunt, R19, 
with a 10-ohm, 2-watt resistor and adding a 1-kilohm, 
114-watt resistor in series with the grid meter line, the 
full-scale meter reading is increased to 100 mA. As a 
benefit, enough voltage is available across the new 
grid shunt to activate the new ALC circuit shown in 

fig. 4. MLA-2500B input relay area shows toroid connections 
and mounting to ground lug and relay terminal. Compen- 
sating capacitor is visible at top of toroid. 

fig. 5. Construction technique for seven-resistor pack. 

fig. 5 of part 1. (Fig. 6 of Part One of this article shows 
the construction technique used and fig. 7 of Part One 
shows the mounting to the pushbutton mounting nuts.) 

I used the ground lug on the remounted terminal 
strip to provide a ground for the new grid shunt, R19, 
and to provide a terminal point at which to connect 
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(- Announces: 
A User-Friendly Software Package 
Designed For Easy Operation of Morse, 
Baudot, ASCII, and AMTOR. A Feature- 

MBIImTORTM 
~ a c  k e d  program Called: 

MAIN MENU SCREEN 

MBA-TOR TM 

COPYRIGHT 1984 BY AEA 

SELECT: 
M. MORSE 
A. ASCII 
R. RTTY 
T. AMTOR 
U. AUTO AMTOR 
X. AUTO CALL 
C. COMMANDS 
0. OPTIONS 

Now Available for the Commodore 6 4  Computer in Two Versions. 
MBA-TOR 6 4  Software Package Only, at $119.95 Suggested Retail. 
MAP-64/2 Software wi th Self-Contained Interface $239.95 Retail. 

Just Look At Some Of The Features: 

----t CW receive and transmit at 5 to 99 wpm, auto speed track on receive. 
---t 8 bit ASCII, receive and transmit at 110, 150 or 300 baud. 
----, 5 bit Baudot, receive and transmit at 60, 67, 75,100 or 132 wpm. 
----, TOR, receive and transmit ARQ (Mode A) or FEC (Mode B) and listen. - Beacon and WRU system, includes QRG check before XMT, won't QRM. - Message forwarding system, AUTO-AMTOR still functions in this mode. - Selects command menu. -- Selects options menu. 

\ + Complete precompose split-screen display with status information. 
OPTIONS MENU SCREEN + Complete printer control including SELCALLIWRU printer control. 

u 
f hh:mm:ss 

I. CALLSIGN ?????? 
S. SELCALL ???? 
T. ARQTIMEOUT 30 
U. USOS 0 N 
M. MORSE FILL (BT) OFF 
R. RTTY SYNC (NUL) OFF 
A. AUDIO FEEDBACK OFF 
C. AUTO CR 0 N 
L. AUTO LF ON 
B. BEACON RECORD OFF 
W. WRAP-AROUND ON 
K. CW BREAK-IN OFF 
0. OUTPUTMODE WORD 

24-hour clock, shows time in hours, minutes and seconds. 
Allows entry of your callsign for auto operations. 
Derived from your callsign automatically, can be changed. 
Sets ARQ phasing calls from 1 to 99 seconds. 
Unshift on space, toggles on or off. 
Transmits Morse idle character during breaks in KB activity. 
Transmits RTTY idle character during breaks in KB activity. 
Sends short beep through your audio as any key is depressed. 
Sends carriage return the first space after 65 characters. 
Sends a line feed after each carriage return. 
Allows the beacon to be recorded to the QSO buffer for logging. 
Sends CRILF if there is a space in the last 5 positions on the line. 
Automatic transmitlreceive switching during QSO. 
Transmit in  word mode (text sent on space) or character mode. 

COMMAND MENU SCREEN + Break-in buffer on all modes, toggle QSO buffer on or off. 
+ CW speed lock and Farnsworth low-speed CW. 

hh:mm:ss + 10 soft-partitionedTM message buffers plus direct from disk or tape. 

1 + Insert QSO station's call into any buffer while still copying. 
+ Includes a complete manual, keyboard overlays and cables for 

I the AEA Computer PatchTM or MicropatchTM Interface. 
+ For more information call AEA, or see your AEA Dealer. 

L. LOAD 
E. EDIT 
M. MOVE 
S. SAVE 
X. SET XMT BUFFER SIZE 
C. SET COLOR 
T. SET TIME 

5 
C & A ROBERTS, INC. 
1851 1 Hawthorne Blvd., Torrance, CA 90504 

l 5  AEA Brings you the 
213-370-7451 24 Hours call 21 3 - 8 3 4 - 5 8 6 8  Breakthrough! , 

- Allows loading of message or QSO buffers from disk or cassette. - Word processor type edit functions on message and QSO buffers. - Allows transmission of QSO buffer without disk or cassette systems. 
----t Allows you to save message and QSO buffers to disk or cassette. 
---+ Set the transmit pre-type buffer to any size you like. 
----+- Chose between any of 16 colors for character, screen or border. -- Lets you set the time of day clock. 
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fig. 6. Construction technique used for thirteen-resistor pack. 

the grid meter line to the new series metering resistor, 
a 1-kilohm, 1 /4-watt resistor. A new wire was added 
inside the wiring harness from the grid line to the area 
of the function switch mounting nuts. Using terminal 
strips modified in Dentron fashion and discrete com- 
ponents I constructed the basic circuit shown before. 
The - 18 VDC required was obtained by a simple 
modification to the power supply board, PC-1002. 
Later model MLA-2500s do not have the 120 VAC 
winding shown on the schematic. If your unit has a 
black wire connected to pin No. 3 on the bottom of 
power supply board, PC-1002, unsolder the wire and 
tape it back. If your unit has a C32 capacitor installed, 
remove it. Remove the line going to pin No. 1 bottom 
- if it exists - and pull it back to the ALC circuit con- 
structipn area. If no line exists between the ALC and 
power supply boards, run an additional wire in the 
harness to connect the ALC board to the new ALC 
circuit. 

On the power supply board, PE-1002, install the new 
C32 capacitor, observing polarity. Diode CR16 may or 
may not be present. Use the old CR16 or any general 
purpose power diode. It may be most convenient to 
tack solder CR16 in from the l /T ,  2/B (12 VAC) trace 
on the power supply board to the 1IB terminal trace 
to which C32 is soldered, refer to part 1, Fig. 5 for 
schematic representation. Carefully locate the lines to 
the transmit light, X-2, and unsolder them from the 
power supply board. You may wish to use part of the 
excess wire connecting X-2 to the new ALC circuit for 
the new line connecting the 1 /B ( - 18 VDC) terminal 
t o  the ALC circuit. After connecting X-2, the power 
supply board, and the new ALC circuit, only the ALC 
board, PC-1004, remains to be modified. 

fig. 7. Schematic representation of connections from 
tube cathodes to new swamping resistor packs and re- 
mounted cathode choke. 

fig. 8. Installation of resistor packs clearly shown in spaces 
between tube sockets and wiring harness. Note remounted 
terminal strip for grid shunt and meter multiplier at top right 
of photograph. 

fig. 9. Original mounting of thermal sensor. 

modifying the ALC board 
Remove C22, RFC3 (if present), and R10 from the 

ALC board, PC-1004. Replace R12 with a 1-kilohm, 
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Use Your Wireless 
Control 

FROM ANY ROOM!!! 
Works w ~ t h  most Infrared 
remote control receivers 

LIKE HAVING A SATELLITE RECEIVER, VCR, 
CABLE TU, AND VIDEO DISC IN EVERY 
ROOM! 

Remote control Satellite 
Rece~ver VCR Cable TV kt 
and V~deo DISC can now be MODEL q70 

enwrn 
X1I 

used long d~stance 
Install on any.TV to access all 
your remote control v~deo \$-7 '=-. 
components 
Makes non remote IVs 
remote controllable w~th 
remote control VCR Cable 
Selector or Satellite Recelver 
No fancy wlrlng needed 
uses exlstlng coax~al wlrlng 

97gg5 
Plus $3.00 

between T V S  shipp~ng & handling 
NO extra controls to hub' Uses 
the hand held remote 
controllers you alread) tsave 
No tools requ~red Fasll~ 
tnstalled In mlnutes 

608-493-2291 
DEALER INQUIRIES WELCOME 

MERRIMAC r.(SPYyIE --=-- 

SATELLITE 
3 I ,I sad? Merr~ tiac MI '11'161 r /  167 -) 

~bmmma~amncimmg ilmc l~irilm a d  ilmc 1Bal~y 

(3) 
h FINALLYZ 

High quality 
reception on 
small dishes 

The IlrUIY 41 Package Includes an IATI.'X!!A\T 
70° I,..L\. and down converter 

IBAUn' (1 TII'S 
Bu~lt ~nModulator tunesChannel2 thru6 
Cmposlte V~deo 
Audio, Vldm~ RF Outpuls 
S~nqle Conversion Down Conv~rter 
Polarity Control 
Of'l~on Button 

Burtons Satellite Inc, 
4995 HWY 35 BIGFORK. MT 599 1 I 

(406)837-5290 
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fig. 10. Remounted thermal sensor positioning. 

114-watt resistor. Tack solder the old R12, a 27-kilohm, 
114-watt resistor, from the input, pin No. 2, trace to 
ground. Using RlO's terminals, correctly remount 
CR18 in the circuit. This completes the modifications. 
Check the ALC circuit by insuring that the transmit 
light, X-2, comes on at 55-60 mA of grid current; 
- 8 VDC should appear at the ALC jack simultaneously 
with X-2's illumination. The new ALC circuit provides 
protection from accidental or transient overdrive when 
connected to the exciter. The input swamping and 
matching circuit helps limit the maximum grid current 
available. The increased sensitivity of the grid meter 
and X-2's visual indication prove powerful tools in 
preventing accidental or transient overdrive. The ALC 
circuit should act in concert with the change in cool- 
ing to protect the tubes under almost any operating 
conditions. 

"Inadequate warm-up time is something these 
modifications cannot protect against. Four or five 
minutes has been found to be a practical minimum. 
Internal tube arcing can occur even though Eimac's 
specification sheet calls for sixty second minimum and 
the MLA provides seventy-five seconds. Increasing the 
time for warm-up can unquestionably save your 
tubes." 

acknowledgment 
I wish to thank Tom Keadle, W8Ell, for the 

photographs and Rodger Miller, KC8DA, for the use 
of his amplifier. 
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Advanced Computer Control 
. . . for your repeater 

The RC-850 provides the most advanced 
technology available in repeater control. With 
"designed for the future" architecture that allows 
upgrade through software so that it will never be 
obsolete. Complete remote programmability with 
E2PROM via Touch-Tonew or your personal com- 
puter. Offering unique features including the 
highest quality synthesized speech and fully 
automatic scheduled operation. Plus voice 

response metering, synthesized remote base 
operation, paging, mailbox, and the most ad- 
vanced autopatch available - anywhere! De- 
signed for reliable, consistent, enjoyable operation 
in any system. Field proven in hundreds of 
commercial and amateur repeater installations. 
The RG850 will always be the leader in high 
performance repeater control. 

Available from $1 195*+ 

The RC-85 ,WE .--4 

Repeater Controller 
The RG850's "little brother"! 
Remotely programmable ID's, 
command codes, auto-dial 

i 
Rc.56-- 

numbers, timers, 'and more. 
The RG85 controller includes 
many of the features pio- - QCCG neered by ACC such as syn- I 

thesized speech, remote base, paging, and more. Now any repeater budget can afford the benefits of 
an ACC controller! All just $895 (board) or $995 (rack mount).* 

The ITC-32 Intelligent Touch-Tone NEW PRODUCTS 
- control Board 

base to your 
system. Or 

block for your 
h, repeater. 

Kl a remote 

E ! " I )  . even to r e  ; , l ~  \;.,-< motely control 
your home. 

\pb . Only $389 

DVR 128 Digital Voice Recorder - Solid state 
voice storage and playback for remote recording 
of ID's and announcements, voice mail, and user 
diagnostics. I 
IVS 6/12 Intelligent Voting System - Six or 
twelve channel voting with DTMF remote control. 
In-band signal quality evaluation, audio equaliza- 
tion, and activity logging. I 
ShackMasterm - Remotely control your home 
station using Touch-Tone commands over the air 
or over the telephone. Patch yourself 
through your home equipment onto 
the HF bands, and to VHF and 
UHF frequencies. 

*Includes a one year limited warranty 
*Includes a two year limited warranty 

I Call us for more information on our complete line of amateur and 
commercial repeater control products. v 

I 1081 6 Northridge Square, Cupertino, CA 9501 4 (408) 749-8330 
QCC I 

controls, inc. 
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shortwave circus 
As time goes by, more and more 
modern HF transceivers come off the 
production line with the capability to 
receive the range of 100 kHz to 30 MHz 
built right in. This has opened up a 
whole new world to Amateurs who 
thought that the shortwave spectrum 
ended at the edges of the ham bands. 

It's fun to tune the spectrum; no 
wonder the SWL hobby has grown so 
rapidly over the past few years. There 
are lots of interesting signals to hear 
in the HF range! 

The most obvious signals come from 
the shortwave broadcast stations; 
there are plenty of them, and most of 
them are listed by frequency and 
operating hours in the World Radio 
Handbook.' Even the casual observer 
will find other signals: point-to-point 
transmissions, ship-to-shore, aircraft, 
military, RTTY, FAX, and so on. SWL 
magazines provide, on occasion, lists 
of these interesting transmissions. 

In a few days' listening time, you 
can gain a good idea of what is going 
on outside the ham bands, as far as 
legal, recognized transmission goes. 
But an even more interesting field to 
explore is that category of trans- 
missions that are undercover, clandes- 
tine, or modified in such a way that the 
casual listener cannot comprehend the 
transmitted information. And then, 
there are other signals . . . 

things that go bump 
in the night 

listener. Some of these signals are 
quite loud and easily found. 

Sweepers. One of the most common 
"mystery" signals is the sweeper. This 
is an unsteady carrier, loud and rough. 
It "sweeps" through your receiver 
quite rapidly, as though someone had 
tuned a wobbly VFO across your lis- 
tening frequency. These signals, most 
noticeable in the 14 and 26 MHz 
regions of the spectrum, are in fact 
emitted from large, industrial heat- 
treating machines used in the plastics 
industry, making water beds, furniture, 
dishes, and other sundries. These in- 
dustrial RF oscillators run upwards of 
100 kW and shift frequency as the 
manufacturing process advances. 
While they should be in the ISM 
(Industrial-Scientific and Medical) as- 
signments at 13.56 MHz and 27 MHz, 
they seem to roam thespectrum at will. 

I spoke to the operator of such an 
oscillator once. He told me that he was 
an avid CBer who made sure his oscil- 
lator never landed in the CB channels 
(that's a Goody Buddy, for you!). 

Many other industrial RF oscillators 
exist for various purposes, and most 
of them radiate - sometimes badly. 
They're often operated by untrained 
personnel who have little concern for 
radiation. The minimal shielding on 
these machines is frequently removed 
to facilitate easy loading and un- 
loading of the material they are de- 

signals exist; they are over-the- 
horizon, high power backscatter radars 
operated by the Soviet Union. With 
the United States as the target, the 
radars search for telltale missile trails 
and other interesting reflections of 
military importance to the Soviet radar 
operators. 

Repeated protests about the dis- 
ruptive effects of these long-distance 
radars have been lodged with the 
USSR. The extreme power of these 
devices, plus the sharp wavefront, 
make them a pest to all users of the 
HF spectrum. 

Five-letter "numbers" groups. It 
won't take you long to find the 5-letter 
mystery stations. These can be SSB, 
AM, or CW signals that transmit code 
groups at length, with no recognizable 
identification. On voice, the transmis- 
sions may be in English, Spanish, or 
German. The voice repeats 5-letter 
code groups of numbers or letters. The 
most numerous are the "numbers" 
stations. A typical message sounds 
l i k e :  
"83457-90030-45089- 1001 9-63345, " 
and so on; often the message is 
repeated again and again. No station 
identification is ever given. Some 
stations repeat a series of letters in the 
phonetic alphabet instead of numbers, 
and others mix numbers and letters. 
Who are these stations? Where are 
they? And what are they doing? 

signed to process. "Spook" transmission. Harder to 
Woodpeckers. Most hams are find are the two-way "spook" signals. 
familiar with the obnoxious wood- ( A  good place to look for these is just 

The shortwave spectrum is full of in- pecker signals that infest the Amateur above the 10 MHz Amateur assign- 
comprehensible and confusing signals bands. They exist in force too, on ment.) You'll hear two-way CW con- 
that whet the interest of the serious other frequencies. At least four such versations at about 8 to 10 WPM (very 
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poorly sent, by the way). A typical 
transmission will run: "AJ23 AJ23 DE 
642 ORK?" Then the other station will 
reply, "642 DE AJ23 ORK 5 GA." 
Then the coded message will start. 
(Just after the 10 MHz assignment 
opened for Amateurs, I ran across a 
pair of spooks trying to work each 
other. They were both S7 but they had 
a terrible time, stumbling around, try- 
ing to make contact. I couldn't resist, 
and broke in with a "QRK 5 GA PSE." 
This really upset the spooks. They 
frantically signalled each other, and in 
a burst of poorly sent CW, moved out 
of the Amateur assignment.) Careful 
listening will reveal a myriad of these 
signals, many of them coming from 
Central America. 

Scientif ic sounders. You'll find a lot 
of more routine signals, too. lono- 
spheric sounders run up and down the 
spectrum, sounding like a string of 
dots passing quickly across your listen- 
ing frequency. Others are more sophis- 
ticated and have a more complex 
sound. An interesting trio of stations 
used to monitor potential earthquake 
activity in California can be found on 
5.115 MHz, 3.395 MHz, and 10.163 
MHz. Located along a major fault, 
each station transmits a steady carrier 
(without identification), and the signals 
are observed at a monitoring point in 
Utah. When an earthquake occurs, the 
ionosphere above the quake area is 
disturbed; by closely observing the 
signals, investigators can learn much 
about the relationship between earth- 
quakes and the accompanying iono- 
spheric disturbance. 

In this same vein, certain obscure 
data is transmitted by some AM broad- 
cast stations that employ a 20 Hz FSK 
on their carrier. One station that does 
this is KNX in Los Angeles (1070 kHz). 

The single-letter beacons (SLB). Of 
great interest to some listeners are the 
so-called single-letter beacons, which 
have been on the air for up to 20 years 
with little publicity. One or two of 
these are in the ham bands.* On the 
west coast, in the early morning hours 
when conditions are good, the SLB on 
about 3979 kHz is quite loud. I t  simply 

sends the Morse letter K about every 
four seconds in FSK. It can be quite 
annoying to early-morning nets on this 
channel. 

Many other SLBs exist across the 
HF spectrum. Some are on-off keyed, 
others are FSK. Many of the latter use 
the Eastern European shift of 1 kHz, 
which suggests Soviet origin. The 
SLBs send different individual letters, 
and sometimes will send a short burst 
of five number code groups at about 
20 WPM, then return to the carrier or 
the keyed letter. A large number of 
beacons, fading in and out with the 
skip, have been logged in the United 
States. 

One set of beacons is particularly in- 
teresting, since they are well received - 
on the west coast. This set comprises 
a number of K beacons. The beacons 
are keyed FSK simultaneously and are 
on 9.043, 11.156, 12.152, 14.478, 
14.968, 18.086, and 18.349 kHz (ap- 
proximately). Signal arrival indicates 
that the beacon set is located in 
Siberia, possibly on the Kamchatka 
penisula. 

There are plenty of SLBs on the air, 
as the footnote indicates, and they 
seem to be heard all over the world. 
What is their purpose? Where are 
they? What messages do they convey? 
And who are the recipients? Your 
guess is as good as mine. 

"Cut-number"  s tat ions.  Some 
unidentified CW stations, in addition 
to sending coded messages, encode 
the numbers in the message. The 
transmissions sound like letter groups 
when they are really number groups. 
For example, the digit 1 is sent as A. 
2 as U, 3 as V, 5 as E, and so on. This 
can be quite confusing to the casual 
listener. 

Spread-spectrum signals. Various 
forms of wideband transmissions can 
be logged in the HF spectrum. One 
subtle form sounds like "white noise" 
on a receiver. This hiss occupies about 
100 to 200 kHz of spectrum space. For 
some time such a signal was apparent 
in the high frequency end of the 
20-meter phone band, but nobody 
seemed to notice it. Along with the 

Swedish Amateur who first pointed it 
out to me, I ran a directional plot on 
it and found that it seemed to be 
coming from England, as far as we 
could determine. In recent years, the 
signal has moved out of the 20-meter 
band. 

Another form of spread-spectrum 
transmission is noticed by the per- 
ceptive observer as bits and pieces of 
voice transmission that occasionally 
pop up on your receiver. Each burst is 
very short; only fractions of words 
can be heard. The signal is obviously 
jumping around at a very fast rate! 

"Junk" signals. A few minutes listen- 
ing to the HF spectrum reveals an 
amazing quantity of sloppy sianals. It - 
seems as if all the old World War II 
surplus transmitters must be on the air 
somewhere. For years Amateurs on 
the west coast were plagued by slur- 
py, burpy coded CW signals that 
jammed the 80-meter band during the 
early morning hours. Most of the 
transmissions were in Chinese. Some 
are still on the air. Many South and 
Central Americans use ham gear as 
telephone links between isolated loca- 
tions. The 10-meter FM channels are 
occasionally blocked by Spanish- 
language signals carrying on tele- 
phone-type conversations. 

A quiet scandal (seemingly ignored 
by the FCC) is the proliferation of 
illegal CB-type operations between 27 
and 28 MHz. The casual listener will 
soon pick out loud signals, some of 
whom run kilowatts of SSB power 
into large beam antennas. Not long 
ago one such illegal operator boasted 
that he had worked over 90 countries 
with his illegal transmissions. 

Another collection of "junk signals" 
exists just outside the low frequency 
end of the 160-meter band. These are 
the wireless telephones which transmit 
frequency modulated signals in the 
span of 1650 kHz to 1800 kHz. Some 
of them operate right up into the low 
end of the 160-meter Amateur assign- 
ment. With a good antenna in a quiet 
location, a wireless phone can be heard 
for up to 10 miles. I wonder if the users 
of these phones know that they are 
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furnishing amusement to casual eaves- 
droppers? 

"Free-radio" broadcasting. Do you 
like to play music on the air? Join the 
free-radio broadcasters and play hide- 
and-seek in the radio spectrum! One 
popular frequency for pirate broad- 
casters is 1605 kHz, just outside the 
top end of the broadcast band. Others 
pop up on various frequencies near the 
short wave broadcast bands, and a 
few operate in the 88-108 MHz FM 
band. Although pirate broadcasters 
are quite rare in the United States, 
many exist in Europe. Because they 
vary frequency and time of broadcast, 
they are difficult to pinpoint, but many 
send QSLs for reception reports! The 
FCC is quick to crack down on pirate 
broadcasters, and it is not easy to spot 
one operating in the United States. 

Soviet jammers. One of the major 
occupants of the international broad- 
casting bands transmits only noise, in 
a deliberate attempt to prevent listen- 
ers from hearing the program material 
on certain frequencies. It has been 

estimated that there are more than 
2,000 jamming transmitters, located 
principally in the USSR, Bulgaria, 
Czechoslovakia, and Poland, aimed at 
the local language broadcasts beamed 
behind the "Iron Curtain" from the 
west. Illegal or not, they are a reality. 
Some sound like a buzzsaw, others a 
rhythmic whine. Many are quite broad. 
The majority have identification sig- 
nals, such as ZG or U7 which are sent 
in slow-speed Morse. 

To make matters more interesting, 
Soviet broadcasts to China are jammed 
by the Chinese. Sometimes this jam- 
ming takes the form of taped music 
played backward! What next? 

Illicit drug trade. Because HF radio 
is widely used by drug smugglers, the 
alert listener can occasionally run 
across transmissions dealing with this 
underground activity. These messages, 
mainly on SSB, are generally in English 
or Spanish. Nicknames are used in- 
stead of calls, and most of the traffic 
seems to occur between 4 MHz and 
14.5 MHz, often just outside an Ama- 
teur band. 

Good stuff, too! Aside from this long 
list of assorted follies and undesirables, 
there are many other interesting things 
to monitor outside the Amateur bands: 
point-to-point RTTY for the news ser- 
vices of the world, airline networks, 
weather broadcast, military, MARS 
(Military Affiliate Radio Stations), 
Coast Guard, and INTERPOL. The list 
goes on and on. The point is that 
there's plenty going on outside the 
Amateur bands3 Exploring these re- 
gions is a fascinating undertaking. 
You'll be suprised at what you can 
hear! Good listening! 

references 
1. J M. Frost, Editor. World Rad~o and TV Handbook, 
38th Edit~on, available from Ham Radio's Bookstore, 
Greenville, N. H. 03048 ($20 postpaid). 
2. Observed frequencies of some of the SLBs heard 
on the west coast are (in MHz):  3.979, 4.006. 6.227, 
7.512, 7.557.8.138.8.146.8.646.9.043.9.058, 10.645, 
11.156.12.152.12.185.12.329.13.329.13.638.14.478, 
14.968. 17.016. 18.016, and 18.349 (all frequencies plus 
or minus 2 kHz). 
3. For more information on activity in the radio spec- 
trum, see Popular Cornrnun~cations, published month- 
ly by Popular Communications Publishing Group, 76 
North Broadway, Hicksville. New York 11801. 
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WHAT THE COMPETITION CALLS 
"NO LOST WORDS OR SYLLABLES" 

WE CALL NOISE 
NOISE THE COMPETITION: "HI HONEY I(!~%:)M FIXING YOUR ( s u R s T ) ~ ~ ~ ~ ~ ~  SUPPE(!UOA%:) 

BARBECUE HAMB(,N:A%:)GERS. THEY Wl(EUOk\;) BE READY AT 6:(:tk\:) WlLL YOU MA(!:,$&:) 
IT IN TIME?(,N&\f)" 
Samples (heard as bursts of noise) displace your phone party's audio for as long as it takes your transceiver to TIR. 
The above example assumes a transceiver TIR time of about 150 mS (typical) 

PRIVATE PATCH II: " HI HONEY 1 AM FIXING YOUR FAVORITE SUPPER.. .BARBECUE 
HAMBURGERS. THEY WlLL BE READY AT 6:30. WlLL YOU MAKE IT IN TIME?" 
Thousands of PRIVATE PATCH II owners are enjoying the commercial communications quality that only a VOX 
based, simplex autopatch can deliver. 

PRIVATE PATCH II IS PRICED AT LESS THAN HALF OF OUR 
COMPETITORS "FAVORITE COMMERCIAL SIMPLEX VOX PATCH" 

SAMPLING VS. PRIVATE PATCH II 
The performance of a sampling patch is totally dependent on 
the TIR speed of your radio. Such is not the case with PRIVATE 
PATCH 11. PRIVA?E PATCH II will give excellent results with 
any radio. Synthesized and relay switched types included. 

PRIVATE PATCH II requires only three connections to your 
radio (MIC, PTT and SPKR audio). If these connections are 
made inside your radio PRIVATE PATCH II does not interfere 
with the normal use of your radio. Otherwise for a quick and 
easy interface you may plug PRIVATE PATCH I1 Into the MIC 
and SPKR jacks. A 10 minute job! Unlike sampling patches, 
connections are not required to the squelch, discriminator or 
Dower. And best of all, modifications are never required. 

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

The sampling process reduces the effective range of your base 
radio. This is because if a sample, and a signal fade coincide, 
the sampling patch thinks the mobile is not transmitting. This 
causes a sampling patch to become erratic at ranges still very 
useable by PRIVATE PATCH 11. PRIVATE PATCH II will not 
diminish the range of your system. 

PRIVATE PATCH II has two more range extending tricks not 
available to a noise sampled autopatch. 
1. You may use a linear amplifier with no loss of performance 
2. You can operate through any repeater from your base 

station. 

FEATURES 
CW ID (free ID chip) Selectable tone or pulse dialing User pro- 

grammable toll restrict * Five digit access code = Ringback (reverse 
patch) Busy channel ringback inhibit (will not transmit on top of 
someone) Threelsix minute "time-out" timer is resettable from the 
mobile 115 VAC power supply Modular phone jack and seven 
foot cord. . .and many more. 

ALSO 
r /  14 day return privilege - when ordered factory direct. 
r /  One year warranty - compare to their six months. 
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packet radio: 
the software approach 

1200 baud packet 
on the TRS-80 

Models I and Ill 

There have been a number of excellent  article^',^ 
published recently on the new Tucson Amateur Packet 
Radio (TAPR) AX.25 protocol terminal node controller 
(TNC). This TNC communicates with a host micro- 
computer over an RS-232C or parallel interface and 
includes its own 6809 microprocessor, 32K of EPROM, 
8K dynamic RAM, an SDLCIHDLC controller, an 
RS-232 UART, and a number of ancillary support 
chips. It is, in essence, a complete dedicated packet 
microcomputer. * 

There is yet another approach to 1200 baud syn- 
chronous packet using the AX.25 protocol: a software 
approach for the TRS-80 Model I or Model Ill that 
eliminates the TNC's dedicated 6809 microprocessor, 
SDLC/HDLC controller, 32K of EPROM, 8K of RAM, 
RS-232C UART, and all ancillary support chips. 

Like the TAPR TNC, the software approach requires 
a 1200 baud modem using the EXAR 22061221 1 AFSK 
modulatorldemodulator chips. It also requires a port 
zero encoderldecoder as an interface between the 
TRS-80 microcomputer and the outside world. Both 
the modem and port zero encoderldecoder may be 
homebrewed for a total cost for parts of approximately 
$25 to $30. 

The balance of this article describes the three funda- 
mental software subroutines used to do the following: 

"Available in kit form from the TAPR group, $247 prepaid. The kit is of superb 
quality and workmanship and may be assembled by the average Radio 
Amateur with modest kit building experience in eight to ten hours. Contact 
Tucson Amateur Packet Radio, Inc., P.O. 60x22888, Tucson, Arizona 85734 
for information. 

I convert the computer's parallel 8-bit byte to a 1200 
I 

baud synchronous serial data stream with real-time 
zero insertion where necessary during transmission. 

convert the 1200 baud incoming synchronous data 
stream to parallel 8-bit bytes with zero deletion in real- 

I time during reception. 

virtual real-time cyclic redundancy checking (CRC) 
of incoming packet frames and CRC generation for ' transmitted packet frames. 

1200 baud transmit parallel 
byte-to-serial bit conversion 

This is illustrated in the relatively simple subroutine 
in fig. 1's commented source code. All opening and 
closing flags are generated by CALLing SNIA with 
the unique 126 decimal flag byte in the 'A' register. 
Call SNIA at least 60 or 70 times for the first frame's 
opening flags, once for frame separator flags (in a 
multi-frame packet the closing flag for one frame 
serves as the opening flag for the next frame), and call 
it once for the entire packet's closing flag. 

To transmit data between opening and closing flags 
that may require zero insertion, CALL SN1 with the 
data byte in the 'A' register. Either SN1A or SN1 must 
be called sequentially with a maximum delay between 
calls of about 40 microseconds so as not to disrupt 
the timing of the serial synchronous data stream. 

1200 baud receive serial 
bit-to-parallel byte conversion 

Figure 2's commented source code shows the 
subroutine that converts the incoming 1200 baud syn- 
chronous bit stream to parallel &bit data bytes with 
zero deletion where necessary. Most of the 2-80's 
regular and alternate registers are used by the IN1 
routine (originally created by W2EUP). This routine is 

By Robert M. Richardson, W4UCH, 22 North 
Lake Drive, Chautauqua Lake, New York 14722 
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fig. 1. 1200 baud SDLC/HDLC fundamental transmit 
subroutine. 

0 0 1 0 0  ; FIGURE 1 
0 0 1 1 0  
0 0 1 2 0  ; 1 2 0 0  BAUD SDLC/HDL€ FUNDAMENTAL TRANSMIT SUBROUTINE 
0 0  1 3 0  
0 0 1 4 0  ; FLAGS ARE TRANSMITTED BY CALLING S N l A  WITH 1 2 6  I N  
0 0 1 5 0  ; THE 'A' REGISTER.... . .NO ZERO INSERTION I S  REQUIRED. 
0 0 1 6 0  
0 0 1 7 0  ; DATA BYTES THAT M Y  REQUIRE ZERO INSERTION ARE T M S -  
0 0 1 8 0  ; MITTED BY CALLING S N l  WITH THE DATA I N  'A' REGISTER. 
0 0  1 9 0  
0 0 2 0 0  ; LINE 1 6 2 0  'SPEED'  SHOULD - 9 8  DECIMAL FOR THE MODEL 
0 0 2 1 0  ; I AND 1 1 5  DECIMAL FOR THE MODEL 111's FASTER CLOCK. 
0 0 2 2 0  
0 0 2 3 0  
0 0 2 4 0  SNl  LD D,A ;BYTE VALUE TO TIUNSMIT 
0 0 2 5 0  LD E,8  ;NUMBER OF B I T S  PER BYTE 
0 0 2 6 0  SN2 LD A, ( U S O N E )  ; I  - SPACE L 5 - MAR)( 
0 0 2 7 0  CP 1 ;WAS I T  A SPACE ? 
0 0 2 8 0  J P  Z,LASTSP ; I F  SO, GOT0 LAST SPACE 
0 0 2 9 0  B I T  0 . 0  ;SET Z FLAG FOR B I T  ZERO 
0 0 3 0 0  CALL NZ,MARK I I F  NOT ZERO SEND MARK 
0 0 3 1 0  B I T  0 , D  ; S E T  Z FLAG FOR B I T  ZERO 
0 0 3 2 0  CALL Z,SPACE ; I F  ZERO SEND SPACE 
0 0 3 3 0  MOP ;Z USEC TIMING ADJUST 
0 0 3 4 0  DEC E ; -1  FROM B I T  COUNTER 
0 0 3 5 0  RET Z ; I F  ZERO. GET NEXT BYTE 
0 0 3 6 0  RRC D ;RIGHT S H I F T  ALL 1 B I T  
0 0 3 7 0  J P  SNZ ; w BACK FOR NEXT BIT 
0 0 3 8 0 L A S T S P  B I T  0 .D ;SET Z FIAG FOR B I T  ZERO 
0 0 3 9 0  CALL NZ,SPACE ; I F  NOT ZERO SEND SPACE 
0 0 4 0 0  B I T  0 , D  ;SET Z FLAG FOR B I T  ZERO 
0 0 4 1 0  CALL Z,MARK ; I F  ZERO SEND MARK 
0 0 4 2 0  NOP 8 2  USEC TIMING ADJUST 
0 0 4 3 0  DEC E 1 - 1  FROM BIT COUNTER 
0 0 4 4 0  RET Z ; I F  ZERO, GET NEXT BYTE 
0 0 4 5 0  RRC D ;RIGHT S H I F T  ALL 1 B I T  
0 0 4 6 0  J P  SN2 ;GO BACK FOR NEXT B I T  
0 0 4 7 0  SPACE I D  A.5 ;SEND SPACE TONE 
0 0 4 8 0  OUT ( 0 )  ,A ;VIA PORT ZERO 
0 0 4 9 0  XOR A ;ZERO OUT 'A' REGISTER 
0 0 5 0 0  LD lZEROMX),A JAND ZERO MARK COUNTER 
0 0 5 1 0  LD A ,  (SPEED) ;COUNTDOWN VALUE 
0 0 5 2 0  LD HL.SPACEA ;RETURN MEM LOCATION 
0 0 5 3 0  PUSH HL ;PUSH ON TOP OF STACK 
0 0 5 4 0  LD HL,DECSP ; J P  (HL) ADDRESS 
0 0 5 5 0  DECSP DEC A 8 - 1  COLINTDOWN VALUE 
0 0 5 6 0  RET Z ;GOTO SPACER WHEN ZERO 
0 0 5 7 0  J P  IHL) ;JUMP TO DECSP 
0 0 5 8 0  SPACEA LD A.lLASONE1 ;PREVIOUS B I T  SENT 
0 0 5 9 0  C P  5 ;WAS I T  A !!ARK ? 
0 0 6 0 0  J P  Z,SPACEB ; I F  SO, DON'T COUNT I T  
0 0 6 1 0  LD A, (ZEROSP) ;SPACE COUNTER STASH 
0 0 6 2 0  INC A ; + I  TO SPACE COUNTER 
0 0 6 3 0  C? 5 ; 5  SPACES I N  A ROW ? 
0 0 6 4 0  J P  Z.SPACFC ; I F  SO, DO ZERO INSERTION 
0 0 6 5 0  LD (ZEROSP) ,A ;IF NOT, SAVE NEW VALUE 
0 0 6 6 0  NOP $ 2  USEC TIMING ADJUST 
0 0 6 7 0  RET ;RETURN WHENCE U CAME + 1  
0 0 6 8 0  SPACEB LO A.1 ; S I N C E  NOT SAME CHANGE I T  
0 0 6 9 0  LD ILASONE) ,A ;UPDATE WSTONE 
0 0 7 0 0  NOP ;EQCALIZING DELAY 
0 0 7 1 0  NOP ;EQUALIZING DEWY 
0 0 7 2 0  NOP ;EQUALIZING DELAY 
0 0 7 3 0  RET :RETURN WHENCE U CANE + 1  
0 0 7 4 0  SPACEC LD A , 1  ; 1  - SPACE b 5 - MARK 
0 0 7 5 0  LD ( U s o N E ) , A  :UPDATELASTONE 
0 0 7 6 0  LD BC.1 :DELAY - NO SN2 ITERATION 
0 0 7 7 0  CALL 0 6 0 H  ;APPROX. 3 0  MICROSECONDS 
0 0 7 8 0  CALL MARK ;M) ZERO INSERTION 
0 0 7 9 0  XOR A ;ZERO OUT 'A' REGISTER 
0 0 8 0 0  LD (ZEROMK) ,A ;AND ZERO MARK COUNTER 
0 0 8 1 0  RET ;RETURN WiENCE U CAME + 1  
0 0 8 2 0  SPACE1 LO A.5 ;SPACE1 ONLY FOR FLAG 
0 0 8 3 0  OUT ( 0 )  ,A ;SPACE TONE PORT ZERO 
0 0 8 4 0  LO A.1 ; 1  r SPACE L 5 1 MARK 
0 0 8 5 0  LD ILASONE) ,A ;UPDATE LASTONE 
0 0 8 6 0  XOR A ;ZERO OUT 'A' REGISTER 
0 0 8 7 0  LO IZPr(OMK1 ,A ;AND ZERO MARK COUNTER 
0 0 8 8 0  LD A,  [SPEED) ;COUNTDOWN VALUE 
0 0 8 9 0  LD HL.DECSP1 ; J P  (HL) ADDRESS 
0 0 9 0 0  DECSPl  DEC A ;-1 COUNTDOWN VALUE 
0 0 9 1 0  RET Z ;RETURN WHENCE U C A W  + 1  
0 0 9 2 0  J P  (HLI ;JUMP TO DECSP 1 
0 0 9 3 0  MARK LD A , l  ;SEND HARK TONE 
0 0 9 4 0  O W  lTO1.A ;VIA FORT ZERO 
0 0 9 5 0  XOR A ;ZERO OUT 'A' REGISTER 
0 0 9 6 0  LD ( z E ~ 0 s P l . A  ;AND ZERO SPACE COUNTER 
0 0 9 7 0  LD A, (SPEED1 ;COUNTDOWN VALUE 
0 0 9 8 0  LD HL,MARI(A ;RETURN MEM LOCATION 
0 0 9 9 0  PUSH HL ;PUSH OII TOP OF STACK 
0 1 0 0 0  LD HLtDECMK ; J P  (HL1 ADDRESS 
0 1 0 1 0  DECMK DEC A ; -1  COUNTDOWN VALUE 
0 1 0 2 0  RET Z ;GOTO MARKA WHEN ZERO 
0 1 0 3 0  J P  (HL) ;JUMP TO OECMK 
0 1 0 4 0  MRKA LD A, (LASONE) ?PREVIOUS B I T  SENT 
0 1 0 5 0  C P  1 ;WAS I T  A SPACE 7 
0 1 0 6 0  J P  Z,MARKB ; I P  SO. DON'T COUNT I T  
0 1 0 7 0  LD A,  (ZEROW) ;MARK COUNTER STASH 
0 1 0 8 0  INC A ; + l  TO MARK COUNTER 
0 1 0 9 0  CP 5 1 5  MARKS I N  A ROW 7 
0 1 1 0 0  J P  Z,MARKC ; I F  SO,  DO ZERO INSERTION 
0 1 1 1 0  LD IZEROMKI ,A ; I F  NOT. SAVE NEW VALUE 
0 1 1 2 0  NO? ; 2  USEC TIMING ADJUST 
0 1 1 3 0  RET ;RETURN WHENCE U CAME + 1  
0 1 1 4 0  MARKB I D  A.5 ; S I N C E  NOT SAME CIIANGB I T  
0 1 1 5 0  LD (LASORE) ,A ;UPDATE IASTONE 
0 1 1 6 0  NOP ;EQUALIZING DELAY 
0 1 1 7 0  NOP 1EQUALIZING DEWY 
0 1 1 8 0  NOP :EQUALIZING DELAY 
0 1 1 9 0  RET ;RETURN WHENCE U CAME + 1  
0 1 2 0 0  MARKC LD A , 5  ; l  - SPACE L 5 - MARK 
0 1 2 1 0  LD (LASONE) ,A ;UPDATE LASTONE 
0 1 2 2 0  LD BC, 1 ;DELAY - NO SN2 I T E W T I O N  
0 1 2 3 0  CALL O6OH IAPPROX. 3 0  MICROSECONDS 
0 1 2 4 0  CALL SPACE JW ZERO INSERTION 

0 1 2 5 0  KOR A ,ZERO OUT 'A' REGISTER 
0 1 2 6 0  LD (ZEROSP) ,A ;AND tern SPACE C O U N ~ R  
0 1 2 7 0  RET IRETURN WHENCE U CAPlg + 1  
0 1 2 8 0  MARK1 LD A , )  ;MARK1 ONLY FOR FLAG 
0 1 2 9 0  OUT ( 0 )  ,A ;SEND MARK TONE 
0 1 3 0 0  LD A , 5  ; 1  - SPACE L 5 - MARK 
0 1 3 1 0  LD (LASONEI ,A ;UPDATE WSTONE 
0 1 3 2 0  XOR A ;ZERO OUT 'A' REGISTER 
0 1 3 3 0  LD (ZCROSPI .A ;AND ZERO SPACE COUNTER 
0 1 3 4 0  LD A,  (SPEED) ;COUNTDOWN VALUE 
0 1 3 5 0  LD HL.DECMK1 ; J P  (HL) ADDRESS 
0 1 3 6 0  DECMK1 DEC A ;-1 COUNTDOWN VALUE 
0 1 3 7 0  RET Z ;RETURN WHENCE U ClVIE +1 
0 1 3 8 0  J P  IHLI ;JUMP TO DEClIK 1 
0 1 3 9 0  S N l A  LD O V A  I S N I A  ONLY FOR P W G  
0 1 4 0 0  LD E , B  ;NUMBER OP B I T S  PER BYTE 
0 1 4 1 0  SN2A LD A, (LASONE) ; 1 ' SPACE L 5 MARK 
0 1 4 2 0  CP 1 ;WAS I T  A SPACE 7 
0 1 4 3 0  J P  Z,LASSP ; I F  SO. GOT0 LAST SPACE 
0 1 4 4 0  B I T  0 ,D ;SET Z FLAG FOR B I T  ZERO 
0 1 4 5 0  CALL NZ.VARK1 ; I F  NOT ZERO SEND MARK 
0 1 4 6 0  B I T  0 . 0  ;SET Z FLAG FOR B I T  ZERO 
0 1 4 7 0  CALL Z , S P A C E ~  ; I F  ZERO SEND SPACE 
0 1 4 8 0  DEC E 1-1 FROM B I T  COUNTER 
0 1 4 9 0  RET Z ; I F  ZERO, GET NEXT BYTE 
0 1 5 0 0  RRC D ;RIGHT S H I F T  ALL 1 B I T  
0 1 5 1 0  J P  SNZA ;W BACK FOR NEXT B I T  
0 1 5 2 0  LASSP B I T  0 ,D ;SET 2 FLAG FOR B I T  ZERO 
0 1 5 3 0  CALL NZ.SPACE1 ; I F  NOT ZERO SEND SPACE 
0 1 5 4 0  B I T  0 . 0  ;SET Z FLAG FOR B I T  ZERO 
0 1 5 5 0  CALL Z,HARKl ; I F  ZERO SEND l44RX 
0 1 5 6 0  DEC E ;-1 FROM B I T  COUNTER 
0 1 5 7 0  RET 2 ; I F  ZERO. GET NEXT BYTE 
0 1 5 8 0  RRC D ;RIGHT S H I F T  ALL 1 B I T  
0 1 5 9 0  J P  SNZA ;W BACK FOR NEXT B I T  
0 1 6 0 0  ZEROSP DEFB 0 ;SPACE COUNTER STASH 
0 1 6 1 0 Z E R O M K  DEFB 0 ;MARK COUNTER STASH 
0 1 6 2 0  SPEED DEFB 9 8  ;m)DEL 3 USE 1 1 5  DECIMAL 
0 1 6 3 0 ; - - - - - - - - - - - - - - - - - - - - - - - - - - -  
0 1 6 4 0  1 END OF FUNDAMENTAL 1 2 0 0  BAUD TRANSMIT SYNC. CONVERSION 

entered in line 560 with the first data byte in the 'A' 
register after the last opening flag was received. 

The software digital phase locked loop in lines 980 
through 1330 is the author's favorite and is the one 
used in Volume I of Synchronous Packet Radio 
Using The Software Approach. This DPLL accom- 
modates 1200 baud signals whose timing is off about 
plus or minus 10 percent from the norm. 

software digital phase-locked loop 
Figure 3 shows two 1200 baud, bit time frames 

where the incoming signal has changed from a space 
to a mark. In SDLCIHDLC it is not the absolute value 
of a mark or space that counts. It is only the relative 
change from the previous bit that determines whether 
~t is a logical 1 or logical zero. 

The software digital phase-locked loop is divided 
into quadrants much like its hardware counterpart, the 
Intel 8273 synchronous data link controller chip. But 
it is somewhat different in that there is no "dead band" 
between tyme 2 and tyme 3. If the transition occurs 
during tyme 2, a bit early from the last PROCESSirlg, 
the countdown time delay from tyme 4 is decreased 
slightly so that the next PROCESSing between tyme 
4 and tyme 1 will be closer to dead center. If the tran- 
sition occurs during tyme 3, a bit late from the last 
PROCESSing, the countdown time delay for tyme 4 
is increased slightly so that the next PROCESSing be- 
tween tyme 4 and tyme 1 will be closer to dead center. 
Any transitions during tyme 1 or tyme 4 dramatically 
decrease or increase, respectively, the countdown 
time delay to quickly bring the software DPLL back 
into correct synchronization. 

Ideally, the software DPLL countdown values for 
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fig. 2. Receive mode real-time SDLCIHDLC serial syn- 
chronous date stream to parallel decimal byte 
conversion. 

00100 ; FIGURE 2 
00110 
00120 : RECEIVE MODE REAL-TIME SDLC/HDLC SERIAL SYNCHRONOUS 
00130 : DATA STREAM TO PARALLEL DECIMAL BYTE CONVERSION. 
00140 
00150 : THE REGISTERS USED IN THIS RECEIVE MODE SUBROUTINE ARE: 
00160 
00170 : REGULAR REGISTERS: 
00180 
00190 : A - USED + NEW PORT ZERO VALUE IN EACH DPLL QUADRANT 
00200 I P - USED THROUGHOUT 
00210 ; B - DPLL COUNTWWN VALUE FOR FIRST 3 DPLL QUADRANTS 
00220 ; C - 8 BITS PER BYTE COUNTER 
00230 ; D - CALCULATED DPLL COUNTDOWN VALUE FOR 4TH QUADRANT 
00240 : E - LAST PORT ZERO VALUE 
00250 1 HL- HEM LOCATION TO STORE ENDING FLAG ADDRESS 
00260 : IX- ONLY FOR EQUALIZING TIME DELAYS! INC IX L DEC IX 
00270 r IY- UNUSED 
00280 
00290 1 ALTERNATE RECISTERS: 
00300 
00310 : A - UNUSED 
00320 : F .I UNUSED 
00330 : B - RECEIVED PARALLEL BYTE WITH ZERO-DELETION 
00340 : C - RFXEIVED PARALLEL BYTE WITHOUT ZERO-DELETION 
00350 : D - INCOMING BIT VALUE AT CENTER OF BIT TIHE FRAME 
00360 : E - LAST BIT VALUE AT CENTER OF BIT TIME FRAME 
00370 : HL- HEM LCCATION TO STORE CONVERTED DECIMAL BYTE 
00380 
00390 I THIS SUBROUTINE IS ENTERED IN LINE 700 WITH THE FIRST 
00400 : ASSEMBLED DATA BYTE IN 'A' REGISTER AFTER THE LAST 
00410 ! OPENING FLAG HAS BEEN RECEIVED. 
00420 
00430 ; THE SOFTWARE DIGITAL PHASE LCCKED LOOP LDPLL) IS AT THE 
00140 : END OF THIS SUBROUTINE IN LINES 900 THROUGH 1330. 
00450 
00460 IN1 BIT 0.A ;PACKET TONES DROPPED 7 
00470 JP Z,MOVEM+l :IF SO, PROCESS IT. 
00480 EXX :SWAP ALTERNATE REGISTERS 
00490 LD D,A :INCOMING BIT VALUE TO D 
00500 XOR E :COMPARE WIT14 LAST ONE 
00510 LD E,D !UPDATE E FOR NEXT TIME 
00520 CPL ;DATA IN BIT 7 
00530 RLCA :SHIFT INTO CARRY 
00540 RR B :OUTPUT DATA - 
00550 RRCA ;ACCUMULATES HERE. 
00560 RR C ;INCOMING BIT PATTERN 
00570 LD A,C :TEST IT 
00580 CP 126 :FOR A CLOSING FLAG ? 
00590 JP Z,FLl ;IF SO, GOT0 LINE 760 
00600 CP 254 :PACKET TONES DROPPED ? 
00610 JP Z.II)VEM :IF SO, PROCESS IT 
00620 AND 254 ;REMOVE BIT ZERO 
00630 CP 124 10111110X PATTERN ? 
00640 JP Z,DELETE :IF SO, DO ZERO DELETION 
00650 LD A,B :BUILT UP DATA VALUE 
00660 EXX ;RESTORE REG. REGISTERS 
00670 DEC C :DECREMENT BIT COUNTER 
00680 JP NZ.IN4 :NOT ZERO. GET NEXT BIT 
00690 INIA NOP :DO NOTHING AT ALL 
00700 EXX :SWAP ALTERNATE REGISTERS 
00710 INC NL :CONVERTED BYTE LOCATION 
00720 IN2 LD (HL) ,A ;STASH IT IN M E W R Y  
00730 LD A,H ITDO LONG A PACKET 7 
00740 CP 176 :OVER 4096 BYTES W N G  7 
00750 JP Z,MOVEM-3 ;IF SO, PROCESS IT 
00760 IN3 EXX IRESTORE REG. REGISTERS 
00770 LD C.8 :RESET BITS/BYTE COUNTER 
00780 IN4 CALL TYME ;DIGITAL PHASE LOCK UX)P 
00790 JP IN1 :CONVERT INCOMING BIT 
00800 PL1 PUSH HL ; W T  A CLOSING FLAG 
00810 EXX IRESTORE REG. REGISTERS 
00820 POP BC ;FLAG LOCATION MINUS ONE 
00830 INC BC :PUG MEM LOCATION 
00840 LD IHL) ,C ;STORE P U G  ADDRESS LSB 
OOB50 INC HL :NEXT STORE LCCATION 
00860 LD (RL) ,B :STORE FLAG ADDRESS USB 
00870 INC HL :NEXT STDRE LCCATION 
00880 LD 1.144 ;OUT OF BOUNDS DUE TO - 
00890 CP H !RUN AWAY TNC ? 
00900 JP Z,MOVEM+l :IF SO, PROCESS IT 
00910 JP IN3+1 ;ELSE GO FOR NEXT ONE 
00920 DELETE RL B :ZERO DELETION, SO - 
00930 EXX :BACKUP ALTERNATE B 
00940 INC (IX) rCOMPENSATINC TIME - 
00950 DEC (IX) I DELAY. 
00960 CALL TYME :DIGITAL PHASE LOCK M O P  
00970 JP IN1 :CONVERT NEXT BIT 
00980 TYME LD A.il4400) !ESCAPE IS CLEAR KEY 
00990 CP 2 :IF PRESSED GDTO - 
01000 JP Z,MENUO-1 :TRANSMIT WDE. 
01010 ID B,23 ;MODEL I COUNTDOWN VALUE 
01020 TYMEI DJNZ TYMEI : 1 ST QUADRANT COUNTDOWN 
01030 IN A, (0) :PORT ZERO VALUE TO 'A' 
01040 CP E ;ANY CHANGE FROM LAST 7 
01050 JP NZ.DiK2 :IF SO, GOTO LINE 1180 
01060 W 0.23 :MODEL I COUNDOWN VALUE 
01070 TYHE2 DJNZ TYME2 12ND QUADRANT COUNTDOWN 
01080 IN A, (0) :PORT ZERO VALUE TO 'A' 
01090 CP E :ANY CHANGE PROM LAST ? 
01100 JP NZ.DEC1 :If SO, GOTO LINE 1210 
01110 LD 0.23 I W D E L  I COUNTWWN VALUE 
01120 TYME3 DJNZ TYME3 ;3RD QUADRANT COUNTMWN 
01130 IN A, (0) :PORT ZERO VALUE TO 'A' 
01140 CP E :ANY CHANGE FROM LAST ? 
01150 JP NZ.INC1 ;IF SO, GOT0 LINE 1240 
01160 LD B,D ;ADJUSTED COUNTDOWN VALUE 
01170 TIME4 DJNZ TYME4 14TH QUADRANT COUNTDOWN 
01180 IN A, (0) ;PORT ZERO VALUE TO 'A' 
01190 CP E :ANY CHANGE FROM LAST 7 
01200 JP NZ.INC2 $IF SO. GOT0 LINE 1270 
01210 RET ;DPLL DONE. GO PROCESS IT 
01220 DEC2 LD E,A ;SAVE N W  BIT IN 'E' 

01230 LD D,15 ;WAY TOO LATE. SO SHORT- 
01240 JP TYME2-2 ;EN LAST QUADRANT COUNT 
01250 DECl LD E,A ;SAVE NEW BIT IN 'E' 
01260 LD D.20 ;TINY BIT TOO LATE, SO - 
01270 JP TYME3-2 ;SHORTEN LAST QUADRANT. 
01280 INCl LD E,A ;SAVE NEW BIT IN 'E' 
01290 LD 0.24 ;TINY BIT TOO SOON, SO - 
01300 JP TYME4-2 ;LENGTHEN LAST QUADRANT. 
01310 INCZ LD E,A ;SAVE NEW BIT IN 'E' 
01320 LD D.29 ;WAY TOO SOON, SO - 
01330 RET ;LENGTHEN LAST QUADRANT. 
0 1 3 4 0 ; - - - - - - - - - - - - - - - - - - - - - - - - - - -  

( 01350 ; END OF 1200 BAUD RECEIVE MODE SUBROUTINE 
01360 
01370 ; IDEALLY THE DPLL WILL OSCILLATE BETWEEN DECl 6 INCI. 
01380 
01390 ; THE MODET. 3 NORMAL COUNTDOWN VALUE IS 28 FOR B REGISTER 
01400 ; IN LINES 1010, 1060, AND 1110. ALL E W E  THE SAME. 

<------ 1 bit time ------,<------ 1 bit time ------, 
2200 Hz 833.333 microseconds 833.333 microseconds 

SPACE I g r- 

tyme3 tyns4 tymel tyme2 tyme3 tyme4 tymel tyme2 
delay d:lay delay delay delay del:y delay delay 
23 X' 23 23 23 X 23 23 

Where 'X' is the countdown value calculated by the DPLL. 

If a bit transition durins quadrant 1 next tyme 4 = 15. 
If a blt transition during quadrant 2 next  tyme 4 = 20. 
If a bit transitron durinq quadrant 3 next tyme 4 = 24. 
I f  a blt transition durinq quadrant 4 next tvme 4 = 29. 

fig. 3. 1200 baud software digital phase-locked loop 
quadrants. 

tyme 4 will oscillate between 20 and 24, which is ex- 
actly what this software DPLL accomplishes. With the 
Model 3's faster clock, register B in TYME, TYME1, 
and TYME2 is set to 28 decimal. 

The PROCESSing time between tyme4 and tymel 
should be held to less than 10 percent of the total 1200 
baud 833.333 microsecond bit time so as not to fur- 
ther complicate the software DPLL's job. 

virtual real-time CRC 
generation and checking 

Figure 4 is the AX.25 Volume 2 program's CRC 
subroutine with comments. It uses the 'byte-wise' 
look-up-table approach suggested by Aram Perez4 and 
converted by the author to the CRC polynomial used 
by both the Vancouver and AX.25 protocols. It is in- 
credibly fast. That is why we use the term 'virtual' to 
describe its almost real-time speed. It is exactly 27 
times faster than the bit-by-bit CRC'ing described by 
the author in Volume 1 of Synchronous Packet Radio 
Using the Software Approach. 

Unfortunately, there's no "free lunch." The price 
we have to pay for this lightning-fast speed is the 512 
byte look-up table illustrated at the end of fig. 4. It 
is shown as a two-byte word table to conserve space. 
The label TABLE is in the upper left hand corner at 
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fig. 4. IBM SDLC CRC generation and CR checking 
rubroutinw. 

OOlOO 1 FIGURE 4 
OOlIO 
00120 , XBW SDLC CRC GENERATION AN0 CRC CHECKING SUBROUTINES 
0 0 1 3 0  
OOl4O t CRCl AND C K 2  ARE FOR (iLNEPATIN(: THE 2 BITE CRC VALUE 
00150 r ?OR A ?PAW OF lLENG11 BYTES IN LENGTH. ADDRE? I S  THE 
00160 1 MEWRY LOCATION OF THE BEGINNING OF THE SINGLE FRAME 
00170 1 PACKET TO BE TMNSHITTED. MULTI-FPALIE PhCKETS I ISE A 
00180 1 VARIABLE ADDREZ DEPENDING UPON WERE FACU FFAME I S  
00190 1 SEQUENTIALLY LOCATED IN HEVORY. 
00200 
00210 I RCR BEGINNING IN LINE 800 TESTS THE RECEIVED CRC VALUE 
00210 t O I  A ?Urn STARTING AT IBGINITI IN HEYORY WITH A TOTAL 
00130 1 LLMCTH Or  'K' REGISTER BYTES. MULTI-FRAU€ PACKETS OF 
00240 I 1 TO 7 ?MYES/PACKET ARE ACCOMODATED. 
00250 
00260 1 TABLE BEGINNING AT LINE 970 I S  THE LOOK-UP TI\BLE FOR 
00270 1 THE BRILLIANT 'BYTE WISE' CRC SUBROUTINE SUGGESTED BY 
00280 1 AMY PEaLz IN THE THE JUNE ' 8 3  ISSUE OF I.E.E.E. MICRO. 
00290 
00300 CRCVAL DEFY 0 :RECEIVE CRC VALUE STASH 
OOJIO ZNDCRC DLIW D :xMlT CRc VALUE STASH 
00320 CRCl LO HL.ADOREZ $BEGIN UESSAGE LOCATION 
00330 LD BC, lLENG11 ,LENGTH OF FRAW IN BYTES 
00340 LD OE.65535 IINTIALIZE DIVIDEND 1 ' 5  
00350 CALL CRCT ;GENERATE CRC LINE 470 
00360 CALL P I K R C  rSORT/STUFF RIGHT ORDER 
00370 LD A.lSIGN2) 1DISPIAY CRC VALUE - 
00380 CP 1 ;ON VIDEO DISPLAY 7 
00390 IET Z f I P  NOT, RETURN. 
00400 LD HL.lENDCRC1 , I F  SO, THEN DISPL4Y TT 
00410 CALL DZ !ON TOP LINE OF VIOEO. 
00410 CRC2 LD BC.960 1- 15 LINES OF VIDEO 
00430 LD HL.ADDREZ *BEGIN PACXET ADDRESS 
00440 LD DE.15424 12NO LINE OF VIDEO 
0 0 4 5 0  LDIR :DISPLAY PlESSACE SENT 
00460 RLT :RETURN WENCE U CAW +1 
00470 CRCT LD A, 1HLl ,FIRST BYTE TO CRC 
00480 1% HL $INCREMENT FOR NEXT ONE 
00490 PUSH BC :SAVE BYTES TO CRC 
00500 PUSH HL )SAVE NEXT BYTE LCCATION 
00510 XOR E rXOR REMAINDER LSB W/'Aa 
00520 1D C,A $SAVE RESULT IN 'C' 
00530 LD 8.0 $ZERO OUT ' 8 '  
00540 1D HL,TABLE rLOaKUP TABLE LCCATION 
00550 ADD HL,K ,ADD BC TO LOCATION 
00560 A t D  H L , K  IADD BC TO LCCATION 
00570 LD A.0 ,REMAINDER llSB TO 'A' 
005lO XOR (HLl 1XOR WITH TABLE VALUE 
00590 LD E,A ?SAVE RESULT IN 'E 
00600 XU2 HL ,NEXT TABLE LC€ATION 
00610 LD D, lHL1 ,SAVE VALUE IN 'E' 
DO620 4 P  HL )NEXT BYTE TO CRC MEM 
00630 POP rn !NUMBER BYTES TO CRC 
00640 Dll: B2 lLESS ONE 
00650 LO A,B ,TEST POK 
OO(60 OR C #ZERO 
00670 JP NZ,CRCT # I F  NOT, CRC NEXT ONE 
OP680 111 !EL69 ALL DONE. RETURN 

00690 ?IWR LO A,E rDE - CRC 2 BYTE VALUE 
DO700 CPL ICOUPLEMEWT I T  
00710 ID HL, (WHER4Bl SEND OF MESSAGE + l  
00710 LD IHL) ,A ILD 1ST CRC ON MESSAGE 
00130 LD (LNDCRCII) .A ,AND s m  IT -RE 
00740 IllC HL ,NEXT IIESSAGE LOCATION 
00750 LO A,D ?SECOND CRC BYTE 
00160 CPL pCOUPL€?lENT I T  
00770 LO 1HLI ,A ILD 2ND CRC ON MESSAGE 
00780 1.0 (LNDCRC),A ,AND SAVE I T  HERE 
00790 RBT $RETURN WHENCE U CME + l  
OO#OO 
OODlO EM? W DE.65535 IRICEIVE CRC CHECK 
90820 LO UL, IBGZNIT) ,BEGIN ?(Urn L52ATION 
00810 CALL CRCT rCRC kLL INCLUOlNG CRC 
00840 LD (CRCVALI .DE $SAVE REMINDER IN IIEY 
00850 LD HL.61624 I C O ~ A R E  REMAINDER WITH 
00860 *ST 18H ,61624 DECINAL 
00810 JP N2,BLDCRC #NOT ZERO - BLD ONE 
00880 NET )OK, SO RETURN 
OOD90 W C R C  POP A? FADJUST STACK 
00900 PDP V #?OR 2 CALLS 
OOYlO LD IY.37692 8<=0 CIC> MESSAGE 
00920 CALL SHOWIT FDISPUY ON VIDEO 
00910 JP MODElA )GO AWAIT NEXT PACKET 
00940 
00950 I 512  BYTE LOOKUP TABLE ?OR BYTE-WISE CRC SUBROUTINE 
00960 
00970 TABLE DEW 0 
o o g , o , - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OVYYO 
01000 8 SEE CRC LWK-UP TABLE BEWW 

location 1. The table resides sequentially in memory 
from location 1 through 256 anywhere you wish to put 
it. 

adapting the software approach 
to non-TRS-80 computers 

This is neither a simple nor impossible task if you 
are a professional assembly language programmer with 
access to a mini or mainframe computer with cross- 
assemblers for the more popular microprocessors. 
Many of the software houses now use this accessory. 
The alternative is to create your own software ap- 
proach packet program for your own favorite micro- 
computer. Hopefully this short article will inspire you 
to do so. 

YIGURE 4 CONTINUE0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ h i .  i s  t h e  512 bvt. CRC lmkup table pr in ted  o u t  as 1 5 6  tvo 
byte words to save .pa=.. The 1.b.l TABLE i. at location 1.  

1 DEFW 0 5 3  DEFY 30631 1 0 5  DBFW 61262 1 5 7  OBFW 2 4 2 9 3  209 DEIW 5 4 9 2 5  
2 DEN 4489 54 o m  1 6 1 5 8  106 D R Y  6 5 2 1 3  I 5 8  D m  20332 210 DLI* 5 0 9 4 8  
3 DEW ,8978 5 5  D m  21685 I 0 7  DWW 52316 I 5 9  D E N  32147 211 DE?W 62879 
4 DLFW 1 2 9 5 5  56 OEPW 17724 108 DEPW 56789 1 6 0  DEI* 27774 2 1 2  D m  5 I 3 9 0  
5 D E N  17956 5 7  DerY 48587 1 0 9  DE?W 43370 1 6 1  D E N  42250 2 1 3  D R H  37033 
6 DEW 22445 5 8  DEW 44098 110 DEW 47331 1 6 2  DEW 46211 214 DEW 33056 
7 DEN 25910 5 9  DEPW 40665 111 Derw 35448 1 6 3  o m  34318 11s D e n  46011 
8 DEFW 29887 6 0  DEPW 36688 112 D E N  39921 I 6 4  DLIW 38101 216 DEW 41522 
9 DEW 35912 6 1  DEPW 6 4 4 9 5  1 1 3  DCTW 29575 I 6 5  DCTW 5 8 1 5 8  217 DEW 23237 

1 0  DEFW 40385 6 2  DEW 60006 114 DEPW 21102 166 DEW 62119 218 DEW 19276 
11 DElW 44890 6 3  D E N  5 5 5 4 9  1 1 5  D E N  20619 1 6 7  DUW 49212 219 DEW 31191 
11  DEFW 48851 64  DEFW 51572 116 DENl 1 6 6 6 8  1 6 8  D I N  5 3 6 8 5  2 2 0  DEFW 2671a 
1 3  o e r w  s i n l o  6 s  DEFW 16900 i r i  DEW 13731 1 6 9  DEFW 1 0 5 6 2  221 nerw 7393 
14 DEFW 56293 66  OEFW 21389 I 1 8  DEPW 9258 1 7 0  DE?W 1 4 5 3 9  222 DEFN 3432 
15  D E N  59774 6 7  DEFW 24854 1 1 9  DEFli 5809 171 DtFli 2640 2 2 3  DEIN 16371 
16 DEFW 63735 6 8  DEIW 28831 120 DEIW I 8 4 8  1 7 2  DEPW 1 1 2 9  224 DlFW 11898 
17 DEFW 4225 69  DEFT* 1056 121 DEFW 65487 1 7 3  DEFW 28518 225 DEFW 59150 
18  DEFli 264 70  DEPW 5 5 4 5  122 DEPW 60998 1 7 4  DEF11 32495 226 DCFII 63111 
I 9  DEFW 13203 71 DEFW 10034 1 2 3  DEFW 56541 175 DEPM 1 9 5 7 2  227 DEFli 50204 
20 DEFrl 8730 72  OrFW 14011 124 DEP11 51564 1 7 6  DEW 24061 228 DEFli 54677 
21 DEFW 22181 7 3  DCFW 52812 115 DETW 41595 177 DEPW 46475 229 0 t l W  41158 
22 DEW 18220 74 DEFli 57285 126 DEPW 43106 I 7 8  DEFW 41986 230 DEFW 45219 
2 3  DFF11 30135 7 5  DEFW 60766 127 DEFW 39613 179 DCFW 38553 231 DEFW 33336 
24 DEPW 25662 76  DEPW 64727 128 DEPW 35696 1 8 0  DEFW 34576 232 DCFW 37809 
25 DCFW 40137 77  OEFl  34920 119 DEPW 33800 111 DEFW 6 2 3 8 3  1 3 3  DEFW 27462 
26 DEFW 36160 78 DEFM 39393 130 DEFW 38273 182 DEE71 57894 234 DEFW 31439 
27  DEFT4 49115 79  DEFlq 43898 131 DEPW 42778 1 8 3  DEFW 53137 235 DCPW 18516 
2 8  DEFW 44626 8 0  DEFW 47859 132 DEFY 46739 184 DEW 49460 236 DEFW 23035 
29 DEW 56041 0 1  DEFY 2 , 1 2 5  1 3 3  DEFW 49708 185 DEPW 14781 237 DErw 11618 
30 DEF14 52068 8 2  DEF1t 11164 134 DEFW 54181 186 DEFW I0314 239 DL"< 15595 
31 DEFW 63999 8 3  DEFW 29079 135 DEFW 57662 1 8 7  DEFli 6 8 6 5  239 DEFW 3696 
32 DEFW 59510 8 4  DEFW 24606 136 DEFW 6 1 6 2 3  1 8 8  DEFW 2904 240 DEni  8185 
3 3  DEFM 8450 8 5  DEFW 5281 137 DEFW 2112 189 DEFW 32743 241 DEFW 63375 
34 DEFW 12427 86 DEFW 1320 138 DEFW 6607 190 DEFW 28270 242 DWIi 58886 
35 DEW 5 2 8  8 7  DEFW 14259 139 DEIW 11090 191 DEFW 23797 2 4 3  DP'W 54429 
36 DEFW 5017 8 8  DEFW 9786 140 DEPW 15067 1 9 2  DEPN 19836 244 DEFl, 50152 
37 DEFW 26406 8 9  DEFW 5 1 0 3 1  1 4 1  DEFW 20068 1 9 3  DCFW 50700 245 "LFW 45483 
38 DEFW 30383 90  DEPW 53060 142 DEW 24557 I94  DEFY 55173 246 DCIll 40994 
19 DErW 11460 9 1  DEPW 64991 1 4 3  DEPll 28021 195 DEFIi 58654 247 DEFW 37561 
40 DEF1i 21949 92 DEFW 60502 144 DEFIi 31999 196 DCFW 6 2 6 1 5  248 DEW 335114 
11 DEFW 44362 9 3  DEFW 39145 145 DEW 38025 1 9 7  o e r w  32808 249 DEFW 31687 
42 DEFW 48323 94 DEFW 35168 146 DEFN 34048 1 9 8  DEFW 37281 250 DEFW 27214 
4 3  OETW 36440 9 5  DEFW 48123 147 DFFW 47003 199 DEFW 41186 251 DEFU 22741 
44 DEFY 40913 96 DEFW 43634 148 DEFli 42514 200 DFFU 45747 252 DEFIi 18780 
45 DEFW 60270 97  DEFW 25350 149 DCFW 53933 201 DEW 19012 2 5 3  DEFli 1 5 8 4 3  
46 OEFN 64231 9 8  DEFW 29327 150 nEPW 49956 202 DEFW 23501 254 DEFY 11370 
47 DEFW 51324 99  OEFW 16404 151 o e r l i  61887 203 Derw 26966 255 DEW 7911 
411 DEFW 5 5 7 9 1  100 DEFW 20893 152 DEF11 57398 1 0 4  DEFW 30943 1 5 6  DEnV 3960 
49 DEFW 12675 101 OEFW 9506 1 5 3  DEFU 6337 205 DEFW 3168 
50  DEW 8 2 0 2  102 DCFW 13483 154 DEFW 2376 206 DEFW 7657 
51  DEFW 4 7 5 3  1 0 1  DEFlI 1584 155 DEFIV 15315 207 OEPW 12146 
5 2  DPFW 792 10, DEFW 6 0 7 3  !56 D E r l  10842 208 DEFW 16123 

conclusion 
Further information on the software approach can 

be found in Synchronous Packet Radio Using The 
Software Approach - Volume //: AX.25 Pro t~co l .~  
This 253-page book is available for $22 postpaid 
(overseas, add $10 for airmail) from Richcraft 
Engineering Ltd., #I Wahmeda Industrial Park, 
Chautauqua, New York 14722, or from Ham Radio's 
Bookstore, Greenville, N. H. 03048. 

If you wish to forego the pleasure of typing in ap- 
proximately 5000 lines of source code, the program 
is available (from Richcraft) on disk for the Model I 
or Model Ill TRS-80 (specify) for an additional $29, 
postpaid. If you wish to modify the program with your 
call letters or personalized prepared messages, you'll 
need a copy of the book, but no knowledge of assem- 
bly language, and no editorlassembler. 
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September, 1983, page 19; Part 2, 73, October, 1983, page 20. 
3. Robert M. Richardson, W4UCH. Synchronous Packet Radio Using The 
Software Approach, Volumes I - Ill, Richcraft Engineering, Ltd., 1982. 
4. Ararn Perez, "Byte-wise CRC Calculations," IEEEMicro Journal. IEEE Com- 
puter Society (10662 Los Vaqueros Circle, Los Alamitos. California 90720). 
June, 1983, pages 41.50. 
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YOU GET MORE "BANG FOR YOUR BUCK" 
AT TNT RADIO SALES! 

I Kenwood I Mirage I MFJ I Welz 
I lcom I KLM I Astron I Azden 
I Bencher I Telex Hygain I AlphalDelta I Santec 
I AEA I Nye Viking I Bearcat I KDK 
I Kantronics I Larsen I Regency I Ameritron 

- 
SALES AND SERVICE AT PRICES YOU CAN AFFORD! 

CALL OUR WATS LINE FOR LOW LOW PRICES! 
VISAIMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING -8 "BENCH-TESTED" MONDAY - SATURDAY 
ON MOST RIGS FOR CASH! [7 1-1 USED EQUIPMENT LISTING 9 AM to 5 PM CENTRAL TIME 

Free Antenna Accessories Catalog 

4 Coaxial Antenna Relays 
- a R e m o t e l y  s e l e c t  up t o  9 a n t e n n a s  

a s  - f r o m  y o u r  t r a n s m ~ t t e r  ustng o n l y  o n e  
P c o a x ~ a l  c a b l e  E n v t r o n m e n t a l t z e d  h l q h  

? h. p o w e r  a n d  l o w  loss 

W2AU and W2DU Balunsb 
O u r  b a b n s  c e n t e r  insulators a n d  In. " 

s u l a t o r s  h a v e  b e e n  p r e f e r r e d  f o r  20 
y e a r s  b y  H a m s .  tndus t ry ,  a n d  t h e  a r m e d  
f o r c e s  P r o t e c t  a g a l n s t  TVI a n d  I l g h t n l n g  
1 8 - 2 0 0  M H z  

4 W2VS Antenna Traps 
A d d  t h e s e  t r a p s  t o  y o u r  dtpole a n d  

m u g e t  l o w  SWR on 2 t o  6 b a n d s .  depen- 
ding o n  h o w  m a n y  y o u  a d d  A n t e n n a  ) 

L w l r e  a n d  c u s t o m  k t t s  a l s o  aval labl  . I 

Send For Yours Today, 
D o n  t d e l a y  C a l l  o r  w r ~ t e  t o d a y  a n d  

w e  will send y o u  f r e e  l ~ l e r a t u r e  w h ~ c h  
fu l l y  d e s c r ~ b e s  o u r  H a m  a n t e n n a  ac .  
c e s s o r y  p r o d u c t  I I ~ P  

Dealer inquiries also welcome. 

- 6743 Klnne St. East Syracuse NY 13057 
Toll Fr- 1.800-448-1666 TWX 710-541 0493 

NVIHIIAKlCanada (Collect) 315-437.3953 

BEAM ANTENNA HANDBOOK 
by Bill Orr.  W6SAI 

Recomniend~d readtnq Commonly asked quesl~ons llke Whal IS the beSl 
element spC~clng7 Can dlllerenl yag~ anlennas be slacked w~thoul  lostnq 
perlormance? Do monoband beams oulpe:form Irlbanders? Lols ol COnSlrUC- 
rlon prolects. d~agrams and photos 198 pages lS i7  I s l  ed~tton 

RP-BA Softbound 57.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr, W6SAI 
Learn how lo bull0 stmplP economical wire antennas Aparlmenl dwellerq 
lake nole1 Fool your landlord and your ne~ghborr w ~ l h  some ot I h f  lnvls 
tble antennas lound here Well d~agramed 192 pages 1972 

RP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by W~ll~am I. Orr, W6SAI and Stuart Cowan, WZLX 
Conlalns 101, ol well tlluslrated Lonslrucl~on prolc2cls for vefltcal o11q wtre 
and HFIVHF beam anlennas There IS an hone<' l~dqn ien l  ol anlenna qaln 
ltqures lnlormalton on lhe best and worsl anlerlna locdl~ons and n~ tqhr \  n 
long look al the quad vs Ihe yaqt anlenna tnlormdlton on baluns dnd how 
lo use them and new ~ntormallon on Ihe popul.3r Sloper and Della Loop 
antennas The lexl IS based on proven dala plus practtcal on the alr experl 
ence The Rad~o Amateur Antenna Handbook w ~ l l  nlake d valuable and otlfn 
consulled r e l ~ r p n r r  I00  DaqPs 1978 

RP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Btll Orr, W6SAI 
The cubical quad anle'illo 15  considered by many lo be Ihe best DX anlenna 
because ol 11s slmple I~qhlwetghl des~qn and h ~ q h  perlormance You I1 tlnd 
quad des~gns lor everyrh~ng lrom Ihe stnqlr elemenl lo the mull1 element 
monster quad plus a new hlqher qaln expalldPd audd ( X  0) dPslqn 
There s a wealth 01 supplementary dala on con<trilrtton Ieedlnq luntnq 
and mountlng quad anlennas 112 Dnqes 19;i 
, RP-CO , Softbound $6.95 

Please add $1 00 lo cover shlpplng and h ~ n d l ~ n q  

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 
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Economical 
Lock and Key 
On-Off Switch 

36 volt DC motor 
Precise positioning 

10 Turn potentiometer 
Your wisest choice in Analog Micro Systems 
automatic dish positioners. 1 year limited warranty 

State-of-the-art circuitry 
To learn more about the finest 18" Saginaw Acme actuator 
in low cost, high performance LED to indicate dish movement 

dish positioners, contact. . . Modern, attractively styled control box 
Dial control always showing dish location 

ELECTRO-COM 5512 Savina Avenue Dayton, Ohio 45415 Phone (513) 832-2937 

More Details? CHECK-OFF Page 150 H 142 September 1984 69 
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READY DECEMBER Ist! 
K n o w n  throughout the wor ld  for  accuracy. 
the 1985 Callbooks list the names and 
addresses y o u  need for  your  QSL's. Arranged 
for  easy reference. the U.S. Callbook con- 
tains over 433.000 Ilstlngs; the Foreign 
Callbook has over 413.000. More than 
100,000 changes have been made I n  each 
edlt lon since last year. Special features 
include call changes, Silent Keys, census o f  
amateur Ilcenses. world-wide QSL bureaus, 
international postal rates, prefixes o f  the 
world, and much more. Why settle fo r  less 
than the very best? Order your  1985  
Callbooks n o w  for earliest dellvery. 

Each Shipping Tolal 

0U.S. Callbook $21.95 $3.05 $25.00 

o Forelgn Callbook 20.95 3.05 24.00 

Order b o t h  books at  the same t ime for  
$45.00 lncludlng shipping w l th in  the USA. 

Order f rom your  dealer o r  direct ly f rom the 
publisher. Foreign resldents add $4.55 for  
shlpplng. l l l lnois resldents add 6% sales tax. 

Keep your 1985 Callbooks up to date. 
The U.S. and Foreign Supplements contain 
al l  act lvl ty for  the previous three months 
lncludlng new Ilcenses. Available f rom the 
publlsher In  sets o f  three (March 1. June 1, 
and September 1 )  for  on ly  $15.00 per set 
including shlpplng. Specify U.S. o r  Forelgn 
Supplements when ordering. I l l inois res- 
ldents add 6% sales tax. Of fer  vo ld after 
November 1. 1985. 

TOWERS 
HIGHEST QUALITY 40. Alum. 

I 11 ALUMINUM Cnnk.UP 

M )  Fl. Afum. M W l  1- 140 . TELESCOPING (CRANK-UP1 
model T.6BH GUYEO ~SrACK-UP)  I 

TILT-OVER MODELS 
Easy to install. Low Prices. 

Crank-ups to 100 ft. 

This Publication 
is available in 
Microform. 

Cinivcrsity M icmfilrns 
l ntcrnational 

Vlcru. wnd .~daltl~~m.ol onl~~rnt~l~a,n 

I(,, - _ -  
Y I , , , ~  - - 

l"\t,,",,,~". - - - - 

\t,.c,- -- - - - - - .. ---- 

( ' I )  - - - --- - - 
( I r l r -  /,p 

11x1 Nvnh l r r h  Rn.1c1 
Ikg l  I'll 
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7 J o h n  J Meshna J:, I n c . ' y  
2 19 Allerton Street Lynn. MA 01904 *Tel: (6171 595-2275 

COLOR X-Y DISPLAY 
Thru a special purchase we got hold of 50 brand new 19" 
color displays. They were made by Wells Gardner for one 
of the largest arcade video game manufacturers in the world. 
The displays feature built in red, green and blue amplifiers, 
19 " color tube made by Wells Gardner. User supplied 
external horizontal and vertical scan oscillators which allows 
precise user control over screen resolution. A real plus! 
Requires 25 V - 0 - 25 V input for amps, available separately. 
Some spec's for you technical people: signal inputs "X" 
horizontal 16 V P-P +_8 V, "Y" vertical 12 V P-P +6 V; 
"Z" beam drive, 4 V max brightness, 1.0 volt black level. 
Writing rates "X" amp is .O 5 inchlusec, "Y" amp is 
.0375 inchlusec. Great for making your own video games, 
oscilloscope monitors, o r  adapting for home computer use. 
Supplied with schematic. 2199.08 ea. 
Shpg. Wt. 45 Lbs. . MOT-19C 21 $375.00 

.. 
MICRO- 
PROCESSOR 
POWER 
SUPPLY 
BOARD 

This regulated multi-voltage switching power supply board 
is made by KEPCO (their part no. MI tM 174 K F )  and is still 
in production (. . . regular price 5 12 4.9 5 ). It was originally 
part of the Zorba portable PC. The four outputs are as 
follows: & +5 VDC @ 5 A, +12 VDC @ 2.8 A, +12 VDC 632 A, 
and -1 2 VDC 4.5 A. The +12 VDC @ 2 A is very heavily 
filtered so it could be used on  a glitch free monitor. The 
- 12 VDC @ .5 A can be changed to -3 VDC just by changing 
the onboard 79 12 regulator chip to  a 7905. The board's 
lightweight and small size should make it perfect for many 
projects. All new and provided with a schematic. The 
input is jumper selectable 1 10 122 0. New, unused. 
Quanity prices available. $49.95 
Shpg. Wt. 2 Lbs. ea. SPL-4 71 -33 B 2 1  $90.00 

EPSON 
PRINTERS 

Two surplus printers 
made for the - 
computer industry 
by Shimshu Seikil 
Epson. One prints 
alpha-numeric 
characters and the 
other prints numer- 
ic characters plus 

Supplied with schematic. Quantity pricing available. I other symbols. These I shpg. wt. Lbs. MOT-1 $ .0 ea, $ .0 l2 may have been intended for use in cash registers but other 
uses come to mind. Good enoueh t o  ~ r i n t  Droeram listings. 

I TRANSFORMER FOR ABOVE shpg. wt. I 5 L ~ S .  5 1 2  .oo 

CAD CAhf KEYBOARD 

We onlv have a verv l ~ r n ~ t e d  quant~ tv  of these h~gh  rc41abiIity. I beautifully layed out 8 bit, serial output keyboards. These 
were made by Keytronics for use in a Cad-Cam system. The 
board is made up  of 3 sections. The typewriter format 
section has 2 control keys plus full upper and lower case 
alpha-numerics. The 42-keymitch pad, when used with 
appropriate logic, allows extensive, precise manipulations 
of displayed data such as close up, moving information, 
sketching, etc. The third section consists of 2 7 keys 
which include a numeric scratch pad, 4 way cursor control 
plus some command keys. On board are 3 LSI's including 
an Intersif IM64 02, INS8 04 8 ,  and NS27 16 UV PROM 
which contains the programs for manipulating data, plus 
other circuitry and an alert beeper. The keyboard requires 
+5 V and -1 2 V. Each one will come with schematics. New 
and unused. Shpg. Wt. 4 Lbs. KYBRD No. 6 $45.00 

Less than 10 0 on hand - Order Now! 

PHONE ORDERS for FASTEST SER VICE! 
call (617)  595-2275 and Charge It! H 

using hard copy verification on ;iming devices o r  just for 
parts. Heck, the price is right. Runs on +5 V and 12 V. 
With pinout d a t a  Shpg. Wt. 8 Lbs. (either printer). 

Alpha numeric type SPL-465-33A $17.50 
Numeric only SPL-466-33A $15.00 

LOGIC and 
DISC DRIVE 
POWER SUPPLIES 

2 New, e u s  power supplies made b N. J. E . Both feakue 11 5 1230 
50160 Hz. inputs, fully reg-u!?ted and hered d. c. output.. built-in ad; 
'ustable overvoltage pmtect~on, and built-in adjustable current limiting 

e supplies are encloeed and come with data 2 models listed below. 
Dual Outputs: +12 or +15 vdc 3 amps and - 12 or - 1 5 vdc 3 amps 
shpg. weight 6 Ib. Model no. PS6 A $30 .OO 
Triple Outputs: 5 vdc 6 +12 or+15 vdcl ampand-12 a 
-15 vdc 1 amp. Shpg wt%. Model no. M A  $35.00 

1 Send for our free 12 pa* catalogue jam packed with goodies. @ 

Surplus Computer and Electronic Materials a?pp5d 

More Details? CHECK-OFF Page 150 September 1984 71 



interrupt-driven RTTY reader 
Receive RTTY on your Apple 

while other programs run 

This is a 6502 machine language program written 
for an Apple II equipped with a 6522 Versatile Inter- 
face Adapter chip (VIA).* (It should be simple to con- 
vert the program to other 6502 computers.) The 
unusual feature of this program is that RTTY reception 
is accommodated during interrupts that occur at 1000 
Hz intervals. Thus, this program can easily be ex- 
tended without concern about timing. This program 
will not work well on the Apple Ile at 100 WPM be- 
cause when the lle does a scrolling operation, it turns 
off the interrupts! This is because the lle allows the 
alternate 64K to bank-select over the ROMs, which 
contain the IRQ vector. (This confirms my hunch that 
Apple did not really have interrupts in mind when they 
designed the Ile. 

OPrnIsoLArnR 

4 5 V  R N  I GAME PORT 

l o  ohm - ~ s ~ ~ ~ ~  MARK.)IIW T T L  SPACE.LOW OUT PIN.? 

I / Z  W 
GROUND PIN 8 

fig. 1. 170 volt current loop to l T L  connector. 

5 DATA BITS I HIGH LY1 LOW) 
STOP BIT I ";z&,".hCj LT , ,, 

- - 
--Y 

s r f f i ~ 0  STAGE STAGE z STAGEI 
I Y E M T J  I &AlN 

IBlT REdDS OCCUR ATARROWS) 

I fig. 2. Program operation on a typical character. I 

I A suitable terminal unit ITU) must be used between 
the radio receiver and the Apple's game port. The in- 
put is switch 0 (pin 2 of the game port). Five volts, 

I or TTL high, should be applied when the TU detects 
mark condition and zero volts, or TTL low when a 
space is detected. This is the same input that is com- 
monly used with other programs available for the 
Apple. Many late-model terminal units have TTL com- 
patible outputs; fig. 1 shows a simple circuit to con- 
vert from current loop to TTL. Be careful with this cir- 
cuit. . . you don't want to hook up the 170-volt loop 

I 
to your Apple or to yourself! The circuit uses an opto- 
isolator that should protect your Apple from the high 
voltages. 

The program listing is heavily commented. Here's I how it works (see fig. 2): 

STAGE 0. The program searches for a stop pulse, 
which is an uninterrupted mark at least as long as 
"MINSTOP." 
STAGE 1. After finding a stop pulse, the program 
waits for a transition to space indicating a start pulse. 
STAGE 2. The program reads in 5 data bits, waiting 
the proper amount of time between each bit. 

Program operation is simple. Just assemble the 
program and 'BRUN' it from the disk. Values for dif- 
ferent speeds are included in the listing. It supports 
80-column display boards and printers as well; just 
type "PR#3" or "PR#lW to turn on the board or printer 
before running the program. 

Many enhancements are possible - for example, 
creating a larger text buffer so that the main program 

I can do other tasks while still receiving RTTY, or for 
1 later transfer of the received text to disk or printer. 

1 Some non-ham TTY stations broadcast using inver- 
sion of one or more bits of the five-level code; this 
could be decoded by "exclusive-or" with various 
values until readable copy appears. It should be possi- 
ble to add enhancements in basic because interrupts 
are used. Of course, a transmit function could be add- 
ed, and this program could even form the basis for 
a powerful "MSO," or bulletin board. 

'The 6522 is found on some accessory cards (John Bell and Mock- 
~ngboard, for example) of which several thousand have been By Scott D. Schram, KN4L, 225 LaPrado Place, 
S O I ~  - Editor. Homewood, Alabama 35209. 
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WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

SATELLITE 
TEL E VlSlO N 

, .MAGAZINE STV 
A monthly of 100-plus pages, has all you 
need to know about where to find equip- 
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 

a $24.95 per yr. (1 2 monthly issues) 
a $ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments. 

If you already have a dish, then you need 

I t  
-the best in satellite TV programming. 

Ir Weekly Updated Listings * All Scheduled Channels * Complete Movie Listing * All Sports Specials * Prime Time Highlights 

$39.00 per yr. (52 weekly issues) 
$ 1 .OO for Sample Copy 

Visa@ MastercardB accepted (sub- 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STV '" IOnSat '" 
P.O. Box 2384 - Dept. PS 
Shelby, NC 281 51 -2384 

Subscription calls only 
Toll Free 1-800-438-2020 

fl 198 H R 

I rrr THE TC)ELES DF A S C I I  M L U E S  FOR WUDM CWIRS. rr .  

LTRSTBL ASC ' E' 
HEX ED 
ASC 'PI ' 

I LF 

LISC 'S IU D' 

FIGSTEL ASC ' 3' 
HEX ED 
asc . - .  
HEX 87 IBELL 
ASC - 8 7  $4. 

ASC 'I. 
HD: a 2  l ~ ~ ~ s ~ ~  OUOTE WRK 
a s c  ' )2* '  
6SC '6919" 

LICR 
CHAR 
EXIT 
FS4 
F C b  

7 IFR 
IRWEC 
LTRSTBL 
R E C C W R  
SHIFT 
T I L  

WIRKWT -1884C 
RECPNTLI 1.8849 
STAGE -S8848 
WSWIFT -.8982 

BITS 
DELLYS 
FCI  
FC48 
FNDCWIR 
INTSUCI 
I SBB 
MINSTOP 
RECPNTB 
START 
u I a  

B I T W I T  
OELSET 
FC3 
FC5 
IER 
INTSUC2 
1s1a 
NEWCWR 
RTTYlN 
T I M  
W I T  

IRWEC -193FE 
RECPNTB -$884L 
BITWLIIT -*884E 
HINSTOP -.8856 
lS8S -1887F 
DELSET =*@BEE 
FC8 -SO8DE 
F C 4 4  =SBVBA 
FC6 -S8925 
RTTY lN  -.CBdl 
L C R  = S t 2 8 8  

STeRT -*BE83 
S T L E  -$Be48 
BITS -*884F 
DELAYS -+a857 
INTSVCI -*BE87 
NEWCMR -*88C7 
FCI -8BBF8 
FC4B -*8912 
LTRSTBL -*8931 
V I e  =.C288 

? IFR =*C28D 

W I T  -$BE35 
MLRKCNT -SO84C 
CWIR 1.8654 
INTSUC 4 8 8 5 C  
1516 -S8893 
EXIT  -.98CF 
FC3 =$BOFE 
FC4 -*BPI7 
FIGSTEL -S895I  
T I L  -+C204 
IER -*C2BE 

RECRITR mSBB49 
BITCNT 4 8 8 4 D  
SHIFT -$BE55 
ISBA lNTSVC2 -*BE71 -S8-8 

FNDCWR LNSHIFT -*BOD7 -SO982 

FC5 4 l 9 2 2  
RECCWIR -S4888 
T I "  -*C285 
CDLlT 'SFOED 

I 
ham radio 

HOBBY KITS@ 
EXPERIMENT - LEARN ELECTRONICS 

BUILD AND DESIGN YOUR OWN AM,FM, CW, 
OR SSB RECEIVERS,TRANSMITTERS AND ETC. 

WlTH OUR MINI-LINEAR CIRCUIT KITS 
All kits Come Complete With Etched and Drilled Circuit Boards 

and All Parts Needed To Function As Descr~bed 

AFA-1 AUDIO AMP. LM 3 8 0  1 2 ~ a n s 4  1 6 O H M O u t ~ u t  $4.95 

AFP-1 AUDIO PREAMP. D u a l  ~ u d o  P r e a m p  - F o r  M ~ k e E t c  $3.95 
BMD-1 BAL. MIX. L M  1 4 9 6  Mlrer - S B M o d u l a t o r  T u n e d  O u t p u ~  $9.95 

DET-1 AM DET. A m  E n v e l o p e  Detec to r  with A G C  O u t p u t  $3.95 
DET-2 FM DET. LM 3 0 6 5  FM Detec to r  1455 K H Z O ~ ~  1 I MHZ) $7.95 
DET-3 SSB DET. L M  1 4 9 6  S S B  Detec to r  ( N e e d s  O S C  1 or O S C  41 $9.95 
DET-4 DETECTOR CWISSB us~ng a dual gate FET transistor $4.95 

IFA-1 IF AMP C A  3 0 2 8  3 0  Da Gain O p t ~ o n a l  A G C  ( 4 5 5  K H z  or  9 11 M H z )  $6.95 
FLS-9 SSB FILTER 9 M H z 1 2  1 KHZ BW with USB X A L  f o r  OSC 1 $49.95 

IFA-2 IF AMP C A 3 0 2 8  3 0  DB G a l n  1 1 0 0  M H Z  O p t ~ o n a l  A G C  $6.95 
MBA-1 FREO MULT. Tuned Outpu t  BuHer MUI~ Arnpliber To250 M H Z  $5.95 
OSC-1 CRYSTAL 0%. 1 0 0  K H z  - 2 0  M n Z  N o t  T u n e d  $3.95 
OSC-2 CRYSTAL OSC Ov 1 8  2 0 0  M H z  T u n e d  O u t p u t  $4.95 

PSV-1 POWER SUPPLY L M  7 2 3  w t t h  P a s s  Transistor 3 a m p s  m a x  $7.95 
PLL-2 TONE DETECTOR L M 5 6 7  PLL T o n e  Detec to r  $5.95 
RF/MIX-1 RF-AMP/MIXER C A 3 0 2 8  - Tuned R F A M P / M , x w  1 1WMHZ $7.95 
RF/MIX-2 RF-AMPIMIXER 3 N 2 0 4  T u n e d  RF A M i M l x e r  1 - 250 M H Z  $7.95 
VCO-3VARlABLE HI STAB.OSC. Varactortuned 400 t o 6 0 0  nhzoutpu t  $7.95 
VCO-4 VARIABLE HI STAB OSC. Varactor tuned 3 to 20 ~ h z o u t p u t  $7.95 
Add $2.00 For Shipping & Handling - Send For FREE Brochure 

SEND$Z 00 FOR FULL MANUAL WlTH CIRCUIT DIAGRAMS AND 
TYPICAL RECEIVER AND TRANSMITTER HOOK.UPS 

MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
P.O. BOX 717, HIALEAH. FLA. 33011 cc 173 
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' BUILT-IN BUILT-IN ONE MEMORY DUAL TUNING LARGE RIT 

SWR BRIDGE RECEIVE PER BAND VFOs KNOB LOCK TUNING 
PREAMP KNOR 

ICOM's lC-730 o-anywhere 
HF all-band SSB/C&AM trans- 
celver, the best value on the 
market, has a proven record of 
high performance, ease of 
operation and durability. 
Compact in size, yet full- 
featured, the IC-730 has galned 
on uncomparable reputation. 

Recelver Peflormance. 
Utiliz~ng ICOM's DFM (Direct 

.* 
14.1 

.$ ., 
P 

,*,,. ,><###,,,, . ,  ., 2. -,, ,,, %, ..b ., w m,, ,, t', ,,, ", "8,",."> 

,V, ,.I1 I,.,. 

Feed Mixer), the IC-730 obtains 
a dynamic range of 100dB and 
an intercept point of 19.5dBm. 

Suoerior front-end receiver 
perfo&ance, coupled with a 
switchable preamplifier and IF 
shift or passband tuning 
(optional), gives the IC-730 
receiver flexibility yet allows it to 
be easy to operate. 

Compact. The IC-730 is 
sized to be used mobile - either 
in a car. airplane or boat - to 
be carried in a suitcase, or to be 
used as a base station. Only 3.7 
inches high by 9.5 inches wide 
by 10.8 inches deep, the IC-730 
is a very compact package. Still 
the IC-730 sports a large tuning 
knob, large RIT knob, and large 
bandswitching knob to make 
mobile operation easy. The RIT 
control is conveniently located 
in the lower right corner to make 
access by touch eosy while 
operating the unit moblie. 

Convenience Features. 
The IC-730 has important 
features that make the unit easy 
to operate in a mobile environ- 
ment. Two VFOs are easily 
accessed at the push of a button. 
Normal or split operation and 
three separate tuning ratesforfast 
QSY or slow tuning are available. 
Thedial lockdeactivatesthe main 
tuning knob for rock-solid stability 
without the possibility of moving 
off frequency. One memory per 
band is provided to allow storage 
of net frequencies or favorite fre- 
quencies at the push of a button. 

Full-Featured. The IC-730 
has additional features which 
make it a joy to operate. A full 
200W PEP input transmitter 
provides a powerful signal on 
SSB and CW (POW carrier power 
on AM). Eighty through 10- 
meter coverage is provided 
including the bands at 10, 18, 
and 24MHz. A speech processor 

is included as standard. Popular 
features such as di ital readout, 
selectable AGC, "8X. SWR 
meter and noise blanker are 
also included as standard in the 
IC-730. 

Complete. The IC-730 
comes complete with a 
handheld microphone and 
power cord. The IC-730 is  ready 
to use and reody to go when 
you ore. 

Affordable. Dollar-for-dollar, 
the ICOM 730 packs more 
punch and performance into a 
small package than ever 
thought poss~ble. 

L~sten to IC-730s on the air 
and hear the sound of ICOM 
quality. The IC-730 is your best 
buy for a second rig for mobile 
portable operation or for your 
main HF station. See the IC-730 
at your local ham equipment 
supplier today! 

The World System 
lCOMAmenco.lnc., 21 12-1 16h Ave NE. Bellewe, WA 98004(206)4546155 / 3331 T- k,Suire307, Dolka,TX 75234(214M10-270 

All mred qxmiconcm ore opponmofe of'd wbpct to h n g e  w i W r  noMe a obllgonon All ICOM rod101 ~~~ exceed K C  rcgulonaa llrn~nng ~punwr em~rvonr 
7301283 



Ily self.sul 
s needed 

ELECTRONICS CO. 
FREIGHT PREPAID 
All Steel Construct~on- On Sale for tremendous sav. 

, Check these features: 
All steel constructlon To save on fmightcosts, all 

towers am shipped dlrectly 
from thsTri-Ex factory to you! 

Check these features: 
All stoat construction 
Hot dlp galvsnlzed after 

I N  STOCK for  IMMEDIATE 
Complete Wlth Base and DELIVERY & L O O K  at very 

M o d e l  RMK-11 (roof mount kit 

10 11 Stack Sections 

206 $37.50 25G $46.50 
MINCPROOUCTS HO-1 456 $107.50 55G $127.50 

LIST 5182.50 SALE 5159 

$ 79 228FB 
S 79 ARX2B 

OK710 30/40 mlr Add-On-KII 
VZS 2.mlr Base Verttcal 

UG2IR N Male $2 95 

14 ~a Slrandefl Copperweld 
450 Ohm H D Llne 

re37 7-ellrlband Beam 
L-33e.elTrlband Beam 
A-333-elTr~band Beam 
A-33JR 3-ellr~band Beam 

L~TEXAS TOWERS (21 Telephone 4) 422-7306 
Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am 5pm 
1108 Summit Ave., Suite 4 Plano, Texas 75074 Sat: 9am - lpm I 

IIN L I N f i t  Aorn ~ F H V I C , ~  C A H [ ~  
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.3.5WllWIO.1W 
142.149.995 MHz 

SALE $299.95! 

. . . . . . . . . .  FT-208R 2M HT ST442rP.. .CALL! 

FT.7OBR 440 MHz HT SANTEC Accessories 
. . . .  

S mpler Funcl~on 
SM3 Speaker Mic. .$34.95 

10 Memor~es . . .  ST-LC Leather Case. $34.95 
Ollsel Slorage . Lllh8um Memory Backup ST.500 NiCad Battery. .$29.95 
13 BVDC Opefallon' 
Sealed Casp 

ST.4QC Base Charger. . $69.95 
SPECIAL PRICES! 

INTERFACES 

CR1.100 List S249 SALE 5229.95' 
CRI.200 List 1299 SALE S269.95! 

List S999 SALE $749.95' 
lU2 Kantronics 

Othr  HAL Ptoducls On Sml* 
SWRBIW S43q 9% D531WA5R 1169995 

'Sale Prices Too Low To Print- 
CALL & SAVE $$! 

lb Interlace Rep. $169.95 Sate $129.95 
The Interface II Rag. $269.95 Sale 1239.95 

..... V1C.20 Amtor Son..89 Hamterl VIC-20 99 
Hamlefl Mode1.6#..99 

8215 1U V r %  :W I50W 221 $25'3 
RIM I M  re5 Inw IUJW roa s ! ~  
R I O I h  iM I r l  I i lW IIOW 104 1219 
R?Olh 2U Y + %  W W  3MlW 27A SIW 
c:1 N ~ ,  JW 2rwv 5a s 7q 

MFJ 1224 COMPUTER INTERFACE $89.95 
C106 271) re< l0Vi  hnW I O A  1119 
C1012 221) rr5 ,OW !inW 2OA 1259 
D7d 440 Nt, 2W POW 8 h  1119 
D ~ O I O N  u n  NI, t o w  ? o n w  70n $289 

Div. of Texas RF Distrlbutors Inc. 1108 Summlt Ave., Suite 4 Plano, Texas 75074 

Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM 

More Details? CHECK-OFF Page 150 H 207 September 1984 77 





September is a special season of 
the year for propagation, and therefore 
DX. The reason for this is that during 
the equinox, with its nights and days 
of equal length, the sun is directly 
overhead at noon on the geographic 
equator. This causes solar radiation to 
hit the earth broadside, and because 
the equatorial planes of the sun and 
earth nearly coincide at this time, parti- 
cles from the sun's eruptions (flares) 
and coronal holes (thin places in the 
sun's gases) have a bull's-eye path to 
the earth. These charged particles, 
called the solar wind, enter the earth's 
atmosphere in the polar regions; they 
also build up in the Van Allen belts 
around the earth above the equatorial 
region. When full, the belts release 
these particles into the polar auroral 
zone, (on the Canadian-U. S. side after 
about 2200 local time), causing geo- 
magnetic storms. 

Geomagnetic storms affect propa- 
gation - and DX - in three ways. 
First, the particles entering the auroral 
zone ionospheric D and E regions in- 
crease signal absorption, resulting in 
weak east-west path signals and few 
signals across the poles. Second, the 
particles form a reflective curtain along 
the equatorial side of the auroral zone 
(south side for us in North America), 
enhancing VHF auroral scatter propa- 
gation. Third, the F region of the iono- 
sphere, once again looking at the 
auroral zone, but further south, 
becomes depleted of electrons, forms 
an electron density trough in which the 
maximum usable frequency (MUF) for 
a particular path through this area 
decreases by 30 to 50 percent. 

However, still further south at +20 
degrees from the geomagnetic equa- 

FOR ECASTER 
Garth Stonehocker, 

tor, an equivalent-size enhancement of 
the F region occurs, resulting in 
evening TE (Trans-Equatorial) open- 
ings during the equinox and winter 
seasons. These three effects vary with 
time on a short to long basis (seconds 
through hours), causing what we ex- 
perience as fading. These effects con- 
tinue to occur each night for two to 
three days before ionospheric equili- 
brium is established. The closer to the 
equator these effects occur, the big- 
ger the geomagnetic storm (higher K 
or A value). 

Just as the particle density and 
speed of the solar wind vary, so do the 
characteristics of the geomagnetic field 
and ionosphere. Ionospheric variation 
causes signal focusing and defocus- 
ing, which simply means that the 
signals arriving at your QTH will vary 
in both strength and angle of arrival. 
Some directions and locations you 
haven't heard from in a long time may 
suddenly be workable, but this kind 
of surprise is what you can expect 
during the equinoxes. 

last-minute forecast 
The higher HF bands, 10 through 30 

meters, are expected to be best just 
after the middle of the month as a 
result of high solar flux and activity on 
the sun. Some solar flares that may 
cause the earth's geomagnetic field to 
be disturbed for two to three days are 
possible. However, most of these dis- 
turbances will probably be the result of 
solar coronal hole activity during the 
extended periods of low solar flux dur- 
ing the first and second weeks of the 
month. These disturbances will occur 
on or near September 1, 5, 10, 14,24, 

and 30. The highly disturbed period of 
the sunspot cycle will still be felt in 
1984 and 1985. (The first peak of these 
disturbances occurred in September, 
1982; a later peak of this cycle may 
occur this fall, (in September or 
October.) Despite these disturbances, 
DX on the lower frequency bands 
should be better than it was over the 
summer months, especially during the 
second week of September. 

The full moon will be visible on the 
9th and be at perigee on the 23rd. The 
autumnal equinox will occur on Sep- 
tember 22nd at 2033 UT. 

band-by-band summary 
Ten and fifteen meters will provide 
many short-skip E, openings and long 
skip openings during the high solar flux 
periods to most areas of the world dur- 
ing daylight. Some trans-equatorial 
openings associated with disturbed 
ionospheric conditions may occur in 
the evening hours. 

Twenty, thirty, and forty meters will 
support propagation from most areas 
of the world during the daytime and 
into the evening hours almost every 
day, either long-skip to 2500 miles 
(4000 km) or short-skip E, to 1250 
miles (2000 km) per hop. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX. 
However, on many nights 30 and 40 
meters will be the only usable bands 
because of the effect of thunderstorm 
QRN on 80 and 160 meters. Signal 
strength via short-skip E, may over- 
come the static when E, is available, 
even though E, propagation does 
become more scarce in September. 

ham radio 
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The ~talic~zed numbers s~gn~fy the bands to try during the trans,f,on and early morntng hours, whde the standard type prov~des the MUF durlng "normal" hours 

'Look at next higher band for possible openings. 
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Uncle Ben says ... 

"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

Just ask any of the many thousands of 
hams all over the world who have been 
enjoying my friendly good service 
fpr over a half a century. 73, Uncle Ben, 

"Uncle Ben" Snyder. W2SOH 1 
the head man of I 

CALL M E  ... WRITE M E  ... SEE ME ... 
(51 6) 293-7995 For my prompt, At one of the world's largest 

personal reply. Ham Supply Centers! 

9 KENWOOD TS-711A 

HAS THEM ALL! 

I 

KENWOOD TS-930 

- 
KENWOOD TS-430s 

KENWO 
TH-411 

- 
7 KENWOOD TS-830 

KENWQOD 



. lol FULL BREAK-IN 
~ T H  ANY AMPLIFIERI 

- 
expensive full break-in tknsceivh. You can run high I power OSK CW and high power AMTOR. I 
The DEO QSK 1500 is designed using the latest in solid 
state switching technology and will give you full break-in 
operation with any one of the currently available com- 
mercial amplifiers, homebrew too! Pin diodes provide 
ultra high speed, noiseless switching. All you need to 
do is connect two RF cables and two control cables, 
turn it on and you are ready to go, up to 1500 watts 
at 1.5-1 VSWR. Fully automatic bandswitching, 1.8 - 
30 MHz and mode selection, either CW or SSB, no 
cables to change. The QSK 1500 eliminates transceiver 
damage due to "hot switching" and gives you full 
receiver oerformance with an insertion loss less than 
.7 dB, typically .2 dB. 
90 day limited warranty. rc 13' 

Factory Direct I 
Pir,tse adil $6 lor sh~pptng and handling 

(US only Foretgn FOR Groveport) I --- - -- 

4925 S. HAMILTON RD. GROVEPORT, OHIO 43125 
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ELECTRONIC Equipment? 
You'tt FInd Them 

in the Nation's No. 
Elsctronic Shopper -zinc 

N U T S  & VOLTS 
Now in Our 5th Ymr 

Nuts & Volts is published MONTHLY and features: 
NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST A D  RATES PRIVATE A N D  
COMMERCIAL CLASSIFIEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION FREE CLASSIFIED A D  W I T H  
SUBSCRIPTION 

SUBSCRIPTION RATES 
. . . . . . . . . . . . . . . .  One Year - 3rd Class Mail .$7.00 
. . . . . . . . . . . . . . . .  One Year - 1 s t  Class Mail. f 1 2.50 

One Year - Canada & Mexico (in U.S. Funds) . . 5 15.00 
. . . . . . . .  Lifetime - 3rd Class Mail (U.S. Only) .$25.00 

ORDER WOW1 Rates Go Up in October! 
SEND: CHECK MONEY ORDER 

VISA MASTERCARD 

TO: NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Address 

C1ty 

State ZIP 

Card N o  

E x p  Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Dealer lnqurries Invited rc 1113 
L 



uy Ill 

Band 
comp 
uniq~ 
tune( 

Vali 

sy assembly (wlthln 2 hr 
0 mph wind rating. . 
lrvy wall tubing. 
Mess  Steel electrical ha 
ceptlonal Gain and F/B r8 

~rdware. 
atio. 

YOUR P 
$465.00 
Value $! 

RICE 

---  - -  

e only test that meansan,,,,,,,, . . . ,n theaircorn,,,,,,,, . . . ,,..Y, .,, 
s continue to support the fact that they are designed to out-perform all 
letition. . . as they have for over 3 decades. Here's why. . . Telrex usesa 
le trap design employing Hi-Q 7500 V ceramlc condensers, 3 optimum- 
f reflectors to Drovide maximum gain and true F/B Tri-Band performance. 

requencles 
ost Paid (U.S.) 

A Telrex "Balun" h d  "Inverted-Vw" kit Is the Ideal hi-penormance Inexpen- 
slve and pnctlwl to Install low-frequency mono or multlple band, 52 ohm an- 
tenna system. 

" ~ a i a  
noise 
are PI 

11-Direction, 
to Interfere1 
3 TUNERS I 

Better than optlmum full sized Dlpole performance In an antenna which 
can be set up wlthln the hour, needing a mlnlmai support structure (exist- 
inn tower, house, tree, etc.). The "inverted-Vee" produces a low-angle 

~nced" Om1 al pattern, sases the slgnal to 
1, and signal nce ratios. C nplifled instructions 
pvided. N( UEEDED! 

which incrc 
:ompiete s i ~  

Speclal N-type coaxial connectors, solid rod dements (driven thru the 
boom), tlnned connectlng lugs, and sls electrlcai hardware provide you 
with peace of mind for many yearsi 

outpe 

A MI 

If top 2 Meter performance Is your requirement, the 2MVS814 klt conslst- 
ing of 2 ea. phased 2 Meter "Balun" fed preclslon tuned 8 element Arrays 

lrform even quad stacked antennas of other makes. 

A FEW OF THE WORLD'S FINEST! 
IDEL Description OAlN Valus PRICE 
11528C 2 Meter 15 element (17 DBD) 175.00 145.00 
M523 10 Meter 5 element (13 DBD) 352.00 295.00 
M636 10 Meter 6 element (14.6 DBD) 745.00 625.00 

M532 15 Meter 5 element (13 DBD) 555.00 465.00 
M845 15 Meter 8 element (15 DBD) 1120.00 925.00 
lM536 20 Meter 5 element (12 DBD) 660.00 550.00 
lM646 20 Meter 6 element (14 DBD) 1130.00 945.00 
IM214 40 Meter 2 element (5.6 DBD) 750.00 625.00 
tM329 40 Meter 3 element (8.3 DBD) 1145.00 965.00 
IM346 40 Meter 3 element (9 DBD) 2000.00 1675.00 
l4EC 10. 15. 20M Tri-Band (5.5 DBDI 252.00 215.00 

id5ES 10; 15; 20M Trl-Band (8.5 DBD) 408.00 340.00 
TB6EM 10, 15, 20M Trl-Band (10 DBD) 755.00 580.00 

Phone . . .201-775-7252 (nights, weekends, hdldays and lsrve your ad- 
dress) of wrlte Telnx - P.O. Box 879, Asbury Park, N.J. 07712, for your 
free copv of the latest Telnx UHF, VHF, HF Antenna, and Rotator Catalog. 

ANTENNAS DESIGNED TO LAST! 
CommunlwHons Antennas Since 1921 
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RTTY TODAY 

DESIGN EVOLUTION IN RF  P.A.'s 

Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 

MODERN GUIDE TO 
AMATEUR RADIOTELETYPE 
by Dave Ingram, K4TWJ 

delay) 
Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet- 
ter IMD). Device NF typically .5 dB. 
Thermal shutdown protection incor-* 
porated 

Remote control available 
Rugged components and construe- 
tion provide for superior product 
quality and performance 

This brand new book is the only R l l Y  handbook available that covers 
all facets of RrrY operation from the "green key" generation to per. 
sonal computers. Author Dave Ingram. K4TWJ. noted RrrY enthusiast. 
writes in a personable, easy-to-understand style that will appeal to all 
levels of RTTY interest. RTTY TODAY is fully illustrated w~th photos. 
diagrams. R l l Y  stahon set ups and equipment to help ensure full under- 
standing of the material. 11 chapters cover: an overvfew of R l l Y  opera- 
tlon, operating parameters, home computers. equipment you can build. 
dedicated systems and complete chapters on RTTY SWLlng wlth 
frequencies, codes and other helplul hints and tips. Old time RTTY usen 
and novlces alike will find this book extremely useful. 8 ,  11984. 
95 illustrations. 1st edition. 8'/2 x 11. 

Order yours today $89 5 
IIIUS $1  75 Shfpplng 

Affordably priced offering the best 
performance per dollar 1. Models with G suffix have GaAs FET pre- 

amps. Non-G suffix units have no preamp. 
Designed lCAS ratings* meets FCC 2. Covers full amateur band. Specify 10 MHz 
part 97 regulati011~ Bandwidth for 420-450 MHz Amplifier. 
1 year transistors warranty 
Add $5 for shipping and handling 

*SEND FOR FURTHER INFORMATION+ 

(Cont. U.S.). Calif. residents add ap- 
plicable sales tax. 
Specificationslprice subject tochange 
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UNIVERSAL ELECTRONICS 
4555 Groves Rd. Suite 3 Columbus, OH 43232 

(614) 866-4605 
Dealer Inquiries Invited t 209 

Ct i \ l r~ r r r  M,r~lrrlq L lz l s  on Ldhels '  

Amateur Radio Operator NAMES 
C ~ i % t i l n l  11\15 1 nllrl) l e r i  to your  sper I r I t lons 

Geograph~c by  ZIP andlor Stale 
By License Issue or Exp~ral~on Date 
On Labels 01 Your Cho~ce 

Total List: 435.000 Price: S25lThousand 
Buckmaster Publishing , 

Wn~tehall  
M f n ~ r a l  VA 23117 U S  A 17031 894 5777 
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COMMUNICATIONS 
P.O. Box 620625 Woodstde, CA 94062 (415) 851-8779 

The only manufacturer offering Amateurs 
the advantages of MOSFET RF Power Amps 

- 

I 

e 
1 

MOSFET Mobile Power Amplifiers 
4101 Complete 2 Meter Handie Talkie Accessory - All mode RF power amp., 2 Watts in = 25 Watts out. 
50 Watt max.. Regulated power supply, with adjustable current limit, for HT power or battery charge. 4 
Watt speaker amplifier. Optional plug-in receive preamp. You must fabricate a cable to connect to HT; 
plug supplied. $21 5 

4102 .Complete 2 Meter Handie Talkie Accessory - All mode RF power amp., 2 Watts in = 100 Watts 
out. Regulated power supply, with adjustable current limit, for HT power or battery charge. 4 Watt 
speaker amplifier. Optional plug-in receive preamp. You must fabricate a cable to connect to HT; plug 
supplied. $325 

4103 All Mode 100 Watt 2 Meter Amplifier - 10 Watts in = 90 Watts out, 2 Watts in = 30 Watts out. No 
harm with 25 Watt transceivers. Optional plug-in receive preamp. Optional #4106 remote control. $245 

4104 All mode 100 Watt 220 MHz amplifier - 10 Watts in = 70 Watts out, 2 Watts in = 25 Watts out. No 
harm with 25 Watt transceivers. Optional plug-in receive preamp. Optional #4106 remote control. $245 

41 05 All mode 100 Watt 2 ~ e t e r  amplifie;-2 watts in = 100 Wattsout. Optional plug-in receive preamp.S295 

Also come to FALCON for your 
MOSFET Repeater Amplifiers 

More Details? CHECK-OFF Page 150 September 1984 85 
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RVV WECT FROM THE FACTORY AND SAVE 
CALL TOLL FREE 1-800-922-6898 
OHlO RESIDENTS 1-41 9-298-2346 

A N T E N N A  T U N E R S  
GLT-1000C 
1 KW - Bu~l t  In balun 
1 8-30 0 MHz cont~nuous 
Sugqested retall $229 00 
FACTORY DIRECT ......... $175.00 

L INEAR A M P L I F I E R S  ACCESSORIES 
CLIPPERTON QRO DOUBLET ANTENNA 
2 KW141572B tubes and bu~lt- tn Suggested retall $39 50 
supply wltuned lnput FACTORY DIRECT ........... $28.95 
Suggested r ~ t a ~ l  S849 00 

FACTORY DIRECT ......... $737.50 BIG DUMMY LOAD WlOlL 

Suggested retall $29 50 
GLA-1000C FACTORY DIRECT ........... $24.95 
1 KWl416LQ6 tubes and b u ~ l t - ~ n  
supply wltuned Input 
Suggested retall $449 50 
FACTORY DIRECT ......... $400.00 

MLT-2500 
2 KW - Roller Inductor 
1.8-30.0 MHz continuous 
Suggested retall . . . . . .  .$449.00 
FACTORY DIRECT ......... $375.00 

49 IDENTRQN 2 2 3  N. Michigan Ave., Edgerton. Ohio 4 3 5 1 7  *e I)iv 0 1  Cn~lr  o t Ipr l ronl ts i r l l  CALL TOLL FREE 1-800-922-6898 
OHlO RESIDENTS 1-41 9-298-2346 
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R I T Y  oscilloscope input 
using line transformers 

Here's how to use line transformers 
("ouncers") for inputting an RTTY sig- 
nal to a monitor scope without using 
any active stages, yet still provide 
enough gain to produce a picture one 
and a half inches high. 

0 1 

fig. 1. Small line transformers called 
"ouncers" provide sufficient amplifica- 
tion of RTTY signal to monitor scope 
input. 

The lack of inexpensive monitor 
scopes for RTTY makes it worthwhile 
to modify some of the older one- and 
two-inch oscilloscopes. (Check the 
surplus market for bargains.) This cir- 
cuit (fig. 1) was applied to an old 
Millen AM monitor scope. (Circuits for 
oscilloscopes can be found in the 
handbooks.') 

reference 
1. ARRL Handbook, American Radio Relay League, 

Newington, Connecticut. 1964, page 544. 

Ed Marriner, W6XM 

book 

prerecorded messages 
help the hearing 
impaired 

It's easy to devise a system that en- 
ables hearing-impaired persons to 
communicate with fire, police, ambu- 
lance, and other emergency services 
having TTY or TTY-type-equipment. 

Using the TTY machine of the ser- 
vice tobe addressed, and a portable 
cassette tape recorder, record the 
name, address, phone number, and 
nature of the emergency to be com- 
municated. Record this data at least 
twice to ensure that all essential infor- 
mation will be transferred, and mark 
the tape and its container with the 
name of the emergency described: 
fire, burglary or assault, or medical 
emergency, and the phone number of 
the appropriate service. (If the individ- 
ual has a particular medical condition, 
it might be a good idea to prepare an 
additional tape naming that condition, 
so that the service can be prepared to 
respond appropriately in the event of 
an emergency requiring specialized 
care.) 

This is how it's done: 

1. Enter the necessary data into the 
TTY machine at the headquarters of 
the emergency service. 

2. Set your cassette recorder on "re- 
cord" and dial the number of the tele- 
phone to which data from the TTY will 
be transmitted. (Do not use the tele- 
phone used on the TTY machine.) 

3. Hold the microphone near the 
earphone of the telephone, or attach 
an inexpensive suction-cup pickup. 

Record the data from the TTY 
machine. 

4. After recording, send the data 
back to the TTY machine. Be sure to 
verify successful transmission. 

In an emergency, all the hearing- 
impaired person needs to do is dial the 
number, hold the tape recorder to the 
mouthpiece of the phone and push the 
"PLAY" button as soon as the call is 
answered. (To confirm that the phone 
has been answered, the individual 
places a fingertip on the diaphragm of 
the mouthpiece and feels the vibra- 
tions of the rings.) 

In areas in which TTY facilities are 
not yet available, the same system can 
be applied, using prerecorded vocal 
messages instead of TTY transmis- 
sions. 

J.W. Dates, W2QLI 

modified Bobtail 
A modification of the standard Bob- 

tail curtain shown in fig. 1A provides 
good performance on four bands 175, 

COAX 

I6 5 11' 16.5 
33 ' 33' 

66 ' 

11.25' 

31.73' 3l.m' 
57.9' 

fig. 1. Modified Bobtail curtain. 

40,20, and 15). Center fed with coax, 
it uses additional lengths of wire placed 
as shown in fig. 18. The center 66- 
foot leg can be folded as required if the 
antenna is lower than 66 feet. 
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Mcxlr.4 HfOV Cr~rnt~lc~trly aulnrn.+la< 11.1r1lzw,!c.h8r>g 
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5 hand trap ven8calsol cornpatahle snre Thntnsands 
111 use wnrldwodr slncr Decemwr A 11 160 meter 
optqon a ~ i t ~ l ~ h l e  now retrof#r h114 Inr rrrnmn8ng WARC 
handscnmtng soOn Heoghl 26 f117 A mntrrs glrvong 
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gaan ven~ral lor 2 meters having the samr gatn as 
douhte *6A 1v1ws hut the pntented trombone 

phe~nnq sectoon allows t w  radnator ro remaw cmhrnkrn 
hy ~n~ulators lor maramnm strength ,n hlgh wends No 

cnls pltambnr s deltghl consttuclson and ad~ustahlr 
gamma match lor rompletr D C grocmdnng and 
lr,wrst ymss~hlr SWR Henghl 9 8 tV2 98 meters 

+!", Model 2MCv-5 Super Trombone ' Same 
i advanced lealures as rh? haslr 2MCV hut a 

waveI~cqth Ia l t~ t  ~ 6 t h  uddtltonal 
Tromhwlr - phasnng sec1.dn for  aOd~f80naI 

gmn H r q h l  15 75 1114 8 meters 

A11 BUTTERNUT ANTENNAS use ataonless steel 
hardware and ere qunranlned lor 8 lull yeer For tunher 
fnform.rllon on these and other BUTTERNUT products 
wrtle fix our FREE CATALOG! 

BUTTERNUT 
ELECTRONIC8 

405 E. MARKET STREET 
LOCKHART. TX 78644 

A Navy MARS version of this same 
antenna is shown in fig. 1C. The de- 
sign - for 4.04, 7.375, 13.975, and 
20.8 MHz - requires a height of at 
least 40 feet above ground. The 
57.9-foot radiator for 4.040 MHz, 
which must be folded at low heights, 
will require considerable adjustment to 
resonate on the desired frequency, 
with the folded portion supported just 
a few feet above ground level. 

The advantage of this experimental 
antenna is a power gain much higher 
than a simple dipole on all frequencies 
above 75 meters, on which the 4.040 
MHz radiator functions as a simple up- 
side-down quarter-wave vertical. The 
center radiators must be kept sepa- 
rated to avoid excessive interaction. 
The center radiator is fed with 52-ohm 
coax, preferably through an antenna 
tuner. 

Cliff Francis, WBMBP 

fastening Trigon 
ref lectors to 
VHF antennas 

My EME array for two meters uses 
the method shown below to fasten the 
Trigon reflectors. It might be well to 
cut a small V in the rear of the main 
boom in areas subject to extreme 
winds. (This was not done on my an- 
tenna.) There is no indication of 
loosening after several windstorms. 

The slots through which the hose 
clamp passes were cut with a saber 
saw; an ordinary hacksaw blade isn't 
quite thick enough to provide a slot 
wide enough to permit easy passage 
of the hose clamp. 

George N. Chaney, WSJTL 

VIC-20 printer 
It's easy to build an inexpensive 

printer for the VIC-20 using an ASR-33 
teletype machine and the interface il- 
lustrated in figs. 1A and 1B. 

The printer, which produces type- 
writer-quality text, won't do everything 
that an expensive printer will do, but 
it will allow data listing and, in general, 
enhance your ability to communicate 
with your VIC-20. ASR-33's can be 
found for as little as $50 to $75; other 

materials can be found in your junkbox 
or acquired at littl'e cost. The cost of 
the entire project should not exceed 
$100.00. 

The interface is inserted into the 
user's port of the VIC-20, and joined 
to the ASR-33 by means of a four-wire 
cable. A simple program (fig. 2) pro- 
vides instructions to the VIC-20. 

L 
*I 

U 

V) . 
I * 
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fig. 1A. Interface circuit uses multi-pin 
edge connector to match VIC-20 require- 
ments. 
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V I E - I 0  USCR'S PORT 

S PIN rCRMIN4L STRIP 
I T  REAR OF CALL #OX 

ON ASH RIONT HANO 
SIDC UNDCR COVCR 

q u ~ n l l l ~  d~sorlpuon 
I 11.14 b m l .  CennHlor (CQ 8.ctmnlcl 

WR NO. 41.w41 
I 7401 lC wlth 14 pln IOCROl I l M l o  ShUL) 
2 180 ohm, 1/1 w.11 n lb lorr  ... 
I 1 hIMhm, 111 wall n*lslon 
i 110 ohm. 111 wall nsulon 

fig. 18. Interface circuit that ties a VIC-20 to an ASR-33. 

18 RL% A S R  3 3  T T Y  
15RE-51 F I L E r > l 2 6  F O 3  CR WITh LF 
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S R L Y  224-SPACE P A R I T Y .  FULL L W L E X  
1 6 6 O ? W  lE9~~r~rChRk(l63)+ChRS(zz4) 
11IIGETnI i : 5 J A 6  
2bbRLa MAIN LOO? 
2251 F b 6 < > " "  ThESU I F  b$=Chii8( 1 3 ) T h L N  
? 3 1 N T # 1 2 F l  b $ ; C h R ~ t  I O ) ; C ~ R S ~ ~ ) ; C ; H R S ~  
6) i : G O T 0 2 3 2  
2 2 5 1  F b O < > " " T h E N  ? R I N T C 1 2 9 r  b$i  
2SBGLTnl  i 5 , C b :  1  F C B < > " " T h L N  P R I N T  w 1 2 9 ~ C B ;  
2 4 h P R I N T  bB; CSi  
E 5 6 S R = S T  a I  FSR=dThEPJ253  
3 6 R E ; Y )  LRRDRS 
31 6 P i l l N T  "ERROR"; 
S E B I  F S R  A N L  1 T h L Y  ? R I N T " ? k R I T Y "  
3321 F SR ANL 2 T h E N  PR1NT"FRki ' lE" 
5 4 w I F  S R  A N D  u ThLN P R 1 N T " R C V R  bUF FULL" 
~ S B I F  S R  A N L  a THLN P R I N T ~ B R E A K ~  
3 6 6 I F ( P E E K ( 3 7 1 5 1  ) k N L 6 4 ) r l  ThEN 365 
3 7 h C L G S E  1 8 9 :  U I L  

fig. 2. VIC-20lASR-33 program listing. 

FRESH STOCK - NOT SURPLUS 
TEFTED - FULLY GUARANTEED 

PIN 
MRF406 
MRF412 
MRF412A 
MRF421 
MRF421C 
MRF422' 
MRF426' 
MRF426A' 
MRF433 
MRF435' 
MRF449 
MRF449A 
MRF450 
MRF450A 
MRF453 
MRF453A 
MRF454 
MRF454A 
MRF455 
MRF455A 
MRF458 
MRF460 
MRF475 
MRF476 
MRF477 
MRF479 
MRF485' 
MRF492 
SRF2072 
CD2545 

Selected t 

2.30MHz 12V (' =28V) 
Rat~ng Ea 

20W $14.50 
80W 18.00 
80W 18.00 

1 OOW 25.00 
l lOW 27.00 
150W 36.00 

25W 17.00 
25W 17.00 
13W 14.50 

150W 42.00 
30W 12.00 
30W 11 .OO 
50W 12.00 
50W 12.00 
60W 15.00 
60W 15.00 
80W 16.00 
BOW 16.00 
60W 12.00 
60W 12.00 
60W 18.00 
60W 16.50 
12W 3.00 

3W 2.50 
40W 13.00 
15W 10.00 
15W 6.00 
90W 18.00 
75W 15.00 
50W 24.00 

i i gh  G a ~ n  Matched Ouads 

VHF TRANSISTORS 
Ratlng Ea 

15W $10.00 

40W 12.00 29.00 
7MOS FET 

30W 522.50 - 
30W 35.00 - 

150W 92.00 - 

T e c h n ~ c a l  Ass~stance & c r o s s - r e f e r e n c e  

l n f o r m a t r o n  on CD. PT RF. SRF SD PINS 
Call E n g ~ n e e r l n g  Dept (61 9) 744-0728 

RF Parts Catalog Ava~lable 
OEM & Ouant~ty Discounts f l  214 

M~n~rnurn Order $20 Add $3 50 S h ~ p p ~ n g  
WE SHIP SAME DAY C.O.D.IVISAIMC 
I 

J.W. Dates, W2QLI I ORDERS ONLY: 800-854-1 927 
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EASY-TO-ASSEMBLE KIT 
on,y $66000 freight PrePald 

I n  48 states 

40 ft M-13 alummum tower and FB-13 
f ~ x e d  concrete base ( b e a u t t f u l l )  

Otherslzes at comparablesavtngs 
HAZER - Tower Tram System 
Lowers antennaw~lh wonch Com- 
plete system comes t o  ground - level on upr~ght  posltoon 

your Rohn 20-25G 
H-3 - 8 sq 11 ant $213 00 PPd 
H-4 - 16 sq n ant $278 00 PPd 
H-5 - l 2 s q  I t  an1 (IorM 13 above) $30200 
PPd All Hazers lnclude winch cable 8 hdw 
TB 25 - Thrust teartng $42 50 
3 8 EE - . x 6 forged steel eye and eye 
turnbuckle $10 75 
6 dlam - 4 n long earth screw anchor 

,OD - 7 x 7  Arcralt cable guy wtre 1700 Ib 
ratlng .l2 n. 
W-I15 - 115 VAC wlnch - I000 Ib load 
S P 9 . S  

hd W-1OM - Manual winch 1M)O lb caDaClly 
Lt )Y.S 

1 %  W 14U) - Manual winch 1400 Ib capact1 

I ' hlnged basesystem $1523 00h.lphtp.p.11 
iU 7W60 - Marton Suorr Tow~r lnothlnq els 

+ VT-4 INSTALLS DIRECTLY AT THE ANTENNA FEEDPOINT I I * DESIGNED FOR HALF WAVE DIPOLES, INVERTED V's, AND 
QUARTER WAVE VERTICALS USING 50 OHM COAX FEED- 
LINES. 

+ OPERATES WlTH SINGLE BAND OR MULTIBAND ANTEN- 
NAS, TRAP TYPE OR PARALLEL ELEMENT TYPES. 

I [ * WORKS ALL BANDS FROM 10 THROUGH 160 METERS. I 
I I1 * FULL BAND COVERAGE WlTH MAXIMUM EFFICIENCY AND 

VERY LOW VSWR, TYPICALLY LESS THAN 1.2 TO 1. I 
I I I FINGER TIP CONTROL FROM THE HAM 1 I I SHACK FOR EXACT RESONANCE AND I 

IMPEDANCE MATCH. I 

* FOR MOBILE OPERATORS THE 
VECTOR VT-3 INSTALLS IN THE TRUNK 

I AND TUNES STANDARD TYPE MOBILE 
ANTENNAS FOR FULL BAND COVER- 

G l e n  Martln Engr. 
P 0. BOX H-253 

AGE, (All of 75M phone band), WlTH 
YM' 

B o o n v ~ l l e .  Mo 65233 m TY PlCAL VSWR LESS THAN 1.2 TO 1. , 
/ 166 T-4 WRITE FOR INFORMATION. / 212 
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ENGINEERING 
MAKES THE DIFFERENCE 

Production Expertise And Service Integrity 
Form The Foundation For Your ~ o n ~ - ~ e r &  Satisfaction 

The fact that the Computer Patch Interface unit by Advanced Electronic Applications. Inc. is known as  the best value on the 
market is no accident. The CP-1 was designed by Al Chandler. K6RFK (PHD-E.E.).  an active RTTY user since 1963. 

Given a cost per unit budget for the CP- 1. Al designed as much performance as  possible into the Computer Patch. includ- 
ing a unique new tuning indicator. referred to by one of our customers as the "Dead Eye Dick" tuning indicator. This indicator 
is ideal for RTTY and CW. in that it is both fast to tune and (within 10 Hz) as  accurate as scope tuning. It also performs under 
poor signal to noise conditions in whict, other indicators provide no useful data. 

Al's variable shift tuning was designed to move the space filter center frequency from 2225 HZ to 3125 HZ with'out changing 
the bandwidth (by varying the Q of the filter). All this isaccomplished using a precision ganged potentiometer to assure proper 
tracking of the multiple filter stages. We could have used a pot costing a tenth as much by simply using a two-pole filter design, 
but we feel the advantage of a sharper filter reduces the noise bandwidth significantly and allows the variable shift control to be 
used likd passband tuning for extra elimination of adjacent channel interference. 

Some manufacturers are concerned that amateurs might try calibrating their own equipment and,  therefore. have used 
non-adjustable components, which results in sub-optimal performance. Although more costly, trimpots used in AEA equip- 
ment allow factory adjustment for performance to design specifications. Competently designed active filter circuits need not 
be adjusted after leaviny the factory; however, for specialized use the owner can easily change filter parameters. 

Mindful of the fact that many of our customers are new to RTTY. Al made the CP- 1 tuning as forgiving as possible, while 
providing the most critical operator a piece of equipment in which he could be proud. Even old "pro's" are surprised at the 
poor signal conditions under which the CP-1 will still provide good copy. 

You can now experience the BEST RTTY, CW, and AMTOR offered. Couple the CP-1 with our new AEASOFTTMsoft- 
ware packages designed for the MARS. SWL, or amateur radio operator. and you will feel a pride reminiscent of what "made 
in U.S.A." brought in years gone by. Please d o  not hold the low price of the CP- I against us. This is one case where you get 
much more than you pay for relative to any of the competitive units. For more information send for our FREE catalog. Better 
yet. see your favorite dealer 

MIDWEST AMATEUR RADIO SUPPLY 
3456 Fremont Avenue, North 

Minneapolis, MN 5541 2 
Store Hours: Mon.-Fri. 9-6, Saturday 9-3 

For service call: (612) 521-4662 
For orders call: 1-800-328-6365 

AEA Brings you the 
Breakthrough! 
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Adjust element spacings, lengths 

to improve gain, FIB, 
pattern, and bandwidth 

applied Yagi antenna design 
part 5: 

additional optimization techniques 
In the first four parts of this series, specific Yagi 
antenna designs were optimized for each of four 
VHFIUHF At a designated frequency in each 
band's weak signal area, computer iterations provided 
calculated maximas for forward gain and F I B .  Three 
well-known Yagi antenna design approaches formed 
the bases for these iterations, with comparisons 
being presented in reference to a standardized fourth 
approach, the NBS Y a g i ~ . ~  For the same Yagi design 
approach at the same design frequency, some of the 
more significant findings from these iterations and 
comparisons include the following: 

Parasitic element lengths for maximum calculated 
forward gain and FIB are different, sometimes 
significantly so. 

Increasing the tapering of a given design approach 
requires a longer first director. 

Increases in tapering initially, but not always, result 
in some increase in calculated forward gain. 

Increased tapering almost always results in some in- 
crease in calculated F/B. 

Carefully selected arrangements of unequal direc- 
tor spacing result in more gain for a given boom 
length, as compared to carefully selected arrange- 
ments of equal director spacing, sometimes with fewer 
directors as well. 

useful to consider why a Yagi antenna produces peaks 
andlor nulls in both desired and undesired directions. 

pattern generation 
The Yagi antenna serves to form a traveling wave 

whose shaping is a function of the amplitude and 
phasing of the currents in the parasitic elements. 
These currents result from driving one or more 
elements with an RF voltage at a given design fre- 
quency. Phase relationships are determined by the self 
impedance of each element and the mutual impe- 
dances among the elements. Self impedance is a func- 
tion of an element's length and diameter, and mutual 
impedance is a function of the spacing between ele- 
ments. A Yagi antenna is essentially a system of dipole 
elements whose resulting radiation patterns are com- 
bined into a single pattern. This combining process 
can be represented in terms of vector quantities that 
are based on the current flowing in each element. As 
it is dipole patterns that are being combined, there is 
usually some resemblance between the resulting Yagi 
pattern and a single dipole pattern. Some of these re- 
semblances are a peak at zero degrees, a sharp null 
at 90 degrees, and a lesser peak at 180 degrees. As 
Yagi patterns are generally symmetrical, a null also 
occurs at 270 degrees. The patterns in references 1-4 
are typical examples. 

Forward gain is a measurement of the sharpness of 
the definition of the main lobe (zero degree lobe). FIB 

Before proceeding further with a general discussion By Stanley Jaffin, WB3BG U, 800 Stonington 
of gain or FIB optimizing techniques, it should be Road, Silver Spring, Maryland 20902 
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1 table 1. Design parameters for a six-element Yagi I 
whose gain is spacing optimized from 11.21 dBi to 12.87 
dBi, with a 1.5 dB increase in FIB. 

element initial spacing optimized spacing 
length from previous from previous 

element A element (A) element (A) 

reflector 0.51 0.000 0.000 
driven 0.50 0.250 0.250 
director 1 0.43 0.310 0.336 
director 2 0.43 0.310 0.398 
director 3 0.43 0.310 0.310 
director 4 0.43 0.310 0.407 

I table 2. Design parameters for a six-element Yagi / 
whose gain is spacing optimized from 10.92 dBi to 12.89 
dBi, with a 1.4 dB increase in FIB. 

element initial spacing optimized spacing 
length from previous from previous 

element A element IA) element (A) 

reflector 0.51 0.000 0.000 
driven 0.50 0.280 0.250 
director 1 0.43 0.310 0.352 
director 2 0.43 0.310 0.355 
director 3 0.43 0.310 0.354 
director 4 0.43 0.310 0.373 

table 3. Design parameters for a ten-element Yagi 
whose gain is spacing optimized from 13.07 dBi to 14.25 
dBi. 

element 

reflector 
driven 
director 1 
director 2 
director 3 
director 4 
director 5 
director 6 
director 7 
director 8 

element initial spacing optimized spacing 
length from previous from previous 

(A1 element (A) element (A) 

0.51 0.000 0.000 
0.50 0.250 0.250 
0.43 0.310 0.319 
0.43 0.310 0.357 
0.43 0.310 0.326 
0.43 0.310 0.400 
0.43 0.310 0.343 
0.43 0.310 0.320 
0.43 0.310 0.355 
0.43 0.310 0.397 

Note: While the text in the origtnal source gives the director 
spacing as 0.310 wavelengths, a table provided in that article gives 
a dimension of 0.330 wavelengths for director spacing. It is apparent. 
however, that this Yagi was meant to be an extension of the prior 
Yagis, with the extra four d~rectors sewing merely to show how the 
model worked with longer Yagis. 

is a ratio of the amplitude of this main lobe and the 
amplitude of the 180 degree lobe. FIB is more critically 
affected by even slight changes in element current 
than is forward gain. Variances of many decibels of 
F/B are often accompanied by forward gain changes 
that are fractions of a decibel. Overall pattern struc- 
ture, however, is also materially affected. This explains 
why forward gain and FIB, while the most popular 
and perhaps the most significant measures of Yagi per- 
formance, do not always accurately reflect a single 

Yagi's performance or the comparative performances 
of two or more Yagis. 

With three variables to determine current amplitudes 
and phases in the parasitic elements, it is possible to 
obtain virtually the same gain or FIB figures with dif- 
ferent combinations of these variables. This explains 
why Yagis with what appear to be measurably dif- 
ferent design approaches can have almost the same 
gain, F/B, or other measures of performance. It is also 
worth noting that element diameter is usually chosen 
for reasons of mechanical stability, and is therefore 
not iterated with the other variables. 

Gain or F/B can be mathematically optimized by 
iterating a single variable, parasitic element 
The same results can be calculated by holding parasitic 
element length constant and iterating parasitic element 
spacing. For a system of given element lengths, opti- 
mum spacings could be found. This could be either 
in terms of a given number of elements or a given 
boom length. Likewise, optimal performance values 
can be calculated for different element lengths when 
either of these two spacing parameters are held 
constant. When a given Yagi is described in the 
Amateur literature as "optimal," it is necessary to ask 
what has been optimized - gain or FIB? It also 
follows that whenever any of these parameters are 
changed, "optimal" must now be re-optimized. For 
example, a seven-element Yagi made by adding an ele- 
ment to an already "optimal" six-element Yagi is not 
an "optimal" seven element Yagi; the spacings of the 
other elements (and perhaps their lengths) need to be 
re-optimized. When two directors were added to the 
K2RIW Yagi, optimal director length (for gain) dropped 
from 11.75 to 11.50 inches3 Failure to do so would 
have cost 0.737 dB of gain and 8.784 dB of FIB. It 
is also necessary to determine if the new boom length 
might be better served with five (or eight) elements, 
and if the resulting FIB is available across the entire 
weak signal area or is a function of single frequency 
vectorial cancellation. 

It would seem logical that if all of these variables 
could be optimized at the same time, a Yagi antenna 
with truly phenomenal performance parameters might 
be designed. The Lawson model used in references 
1-4 can easily be adapted to perform these calcula- 
tions. One series of articles in the professional literature 
reporting the results of using another model for this 
same purpose is summarized below. 

continuous Yagi antenna 
performance parameter optimization 

A series of computer programs for this purpose has 
been prepared and apparently successfully executed. 
An existing Yagi design approach is described in the 
programs in terms of element spacing, length, and 
diameter, as well as operating frequency. The program 
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further iterates the design parameters to optimize the in both articles indicated that very little additional gain 
Yagi's gain. Cheng and Chen6 provide a highly mathe- 
matical description of a Yagi element spacing optimiza- 
tion procedure, and give three examples of its use. In 
the first example (summarized in table 1) a six-element 
Yagi with an initial gain of 11.21 dBi is element space 
optimized to 12.87 dBi. In the second example 
(summarized in table 2) another six-element Yagi with 
an initial gain of 10.92 dBi is similarly optimized to 
12.89 dBi. In the third example (summarized in table 
3) a 10-element Yagi with an initial gain of 13.07 dBi 
is similarly optimized to 14.25 dBi. 

For element length optimization, Chen and Cheng7 
provide a description of the process and two examples. 
In the first example, summarized in table 4, a six- 
element Yagi with an initial gain of 10.89 dBi is ele- 
ment lerlgth optimized to 12.15 dBi. In the second ex- 
ample, summarized in table 5, this same six-element 
Yagi is first space optimized to 12.83 dBi, and is then 
length optimized to 13.40 dBi. (Note: for the Yagis 
described in tables 1-5, element diameter is 0.006738 
wavelengths and the booms are non-conductive. FIB 
calculations were not given, but this figure is derived 
from the plots provided in both articles.) 

A combination of length and spacing optimization 
or a series of either of these individual optimizations 
can be continued. The rapid convergences described 

table 4. Design parameters for a six-element Yagi 
whose gain is length optimized from 10.89 dBi to 12.15 
dBi, with a 1.6 dB increase in FIB. 

spacing initial optimized 
from previous element element 

element element ( A )  length ( A )  length ( A 1  

reflector 0.000 0.510 2.r12 
driven 0.250 0.490 0.456 
director 1 0.310 0.430 0.439 
director 2 0.310 0.430 0.444 
director 3 0.310 0.430 0.432 
director 4 0.310 0.430 0.404 

-- - - 

would be realized. If gain figures for various boom 
lengths are extrapolated from the NBS findings in 
reference 5, they can be used to arrive at very 
favorable comparisons with the Chen-Cheng results. 
Yagis whose gain figures were initially low for com- 
parable NBS Yagis of equal boom lengths, were op- 
timized to gain figures equal to or in excess of these 
same NBS figures. The accuracy of these results 
depends on a careful validation of the Chen-Cheng 
model against all of the NBS Yagis, or against some 
other equally validated reference. Unfortunately, this 
could not have been done because the NBS data was 
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DEGREES 

F R E O  : 144 5 0 0  DIR I ; 36 6 2 5 0  

E L  NUM ' 13 T A P E R  - 0  0 0 0 0  

EL DIAM ' 0 09375  F G A I N  : ( 5  601 

REF z 4 0  2 5 0 0  F B  17 729 

fig. 1. E-plane plot of the zero-taper, gain optimized 
Kmosko-Johnson Yagi antenna. 

table 5. Design parameters for a six-element Yagi whose initial gain of 10.89 dBi is space optimized to 12.83 dBi and then 
length optimized to 13.40 dBi, with a 0.4 dB increase in F/B. 

element 

reflector 
driven 
director 1 
director 2 
director 3 
director 4 

initial design parameters 
spacing from element 

previous element 
( A )  

length 
( A 1  

optimized design parameters 
spacing from element 

previous element length 
( A )  ( A /  
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DEGREES 

F R E O  : 144 5 0 0  DIR I : 33 8 7 5 0  

E L  NUM : 13 T A P E R  - 0 0 0 0 0  

EL O l R Y  : 0 09375  F GAIN ' I5 575 

R E F  : 4 0  2 5 0 0  F B  = 4 0  0 0 5  

fig. 2. E-plane plot of the F/B maximized version of the 
zero-taper. gain optimized Kmosko-Johnson Yagi 
antenna. 

not published until three years after Chen and Cheng's 
first article. Comparisons with the Lawson model on 
the Yagis contained in the two articles would not be 
a conclusive test. A Yagi model needs to be validated 
against a wide range of parasitic element numbers and 
spacings, not a select few that might fall through some 
mathematical "cracks." 

Articles in the Amateur literature also describe 
techniques that have been shown to increase Yagi gain 
or FIB. These techniques involve adding another ele- 
ment or altering the length of an existing element. The 
following two examples given are from the sources 
cited in references 1-4. 

FIB optimization for 
the Kmosko-Johnson Yagi 

Reference 1 described an extensive analysis of the 
Kmosko-Johnson design approach for long Yagis. 
These computer iterations showed how increased 
director tapering resulting in increased gain and 
significantly increased FIB. Kmosko and Johnson's 
original article made mention of a rather unique 
method for increasing F/B,8 in which the last director 
is made shorter than its tapering schedule would no!- 
mally require, resulting in a higher FIB ratio. While 
Kmosko and Johnson mentioned a very slight de- 

crease in this director's length, computer iterations 
were made over a wide range of such decreases. 

The last director of each of four gain optimized 
Kmosko-Johnson Yagis was continually decremented 
by 0.0625 inch. These Yagis had director tapering 
schedules of 0.000, 0.0625, 0.125, and 0.1875 inch. 
The most dramatic results were obtained for the zero 
taper Yagi, giving further credence to these designers' 
belief (and the findings in reference 1) that their Yagi 
performed better with at least some degree of direc- 
tor tapering. Table 6 presents the results for the zero 
taper gain optimized Yagi, with the initial gain opti- 
mized performance parameters followed by those 
measured at 0.25-inch decrements (every fourth 
0.0625 decrement). Table 7 and 8 present com- 
parisons between the original Yagi and the Yagi opti- 
mized for FIB by this process. Figs. 1 and 2 present 
the E-plane plots for these respective Yagis. 

The newly optimized FIB derives from single fre- 
quency vectorial cancellation. There is nearly a 16 dB 
drop across the 144-MHz weak signal area. The gain 
remains nearly constant, but at a level below that of 
the original Yagi. The newly optimized Yagi has a dif- 
ferent lobe structure in its second quadrant (90-180 
degrees). The overall reduction of signal pick-up is 
greater than that of the original optimized Yagi, and 
from 160-180 degrees, the nearly 23 dB increase in FIB 
becomes readily apparent. As is usually the case with 
antennas, the selection of either of these Yagis is a 
matter of the station operator's personal preference. 
Reference 1 provides the potential user of Krnosko- 
Johnson Yagis with additional alternatives. 

FIB optimization for 
the TiltonIGreenblum Yagi 

References 2-4 described many Yagis based on this 
proven design. In Greenblum's first article, he rnen- 
tions a method for increasing the F/B ratios of the 
Yagis described in his design tables.= This involves 
adding another director, but only after determining its 
position by moving it down the boom to find the FIB 
maxima. The Greenblum design is based on finding 
the gain maxima, as Greenblum was obviously con- 
cerned about F I B  and the overall pattern. 

The 0.000 taper gain optimized Yagi from reference 
2 was selected for the computer iterations used to 
illustrate this technique. With tapered directors there 
would be the additional problem of controlling for a 
second variable, the taper of the new director. All itera- 
tions were made at the Yagi's design frequency of 
220.5 MHz. 

In order to avoid having this extra director coincide 
with any of the existing directors, an initial spacing 
from the reflector of 0.15 wavelengths was selected. 
Increments were in steps of 0.01 wavelengths, with 
the last positioning of this director being 3.20 
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table 6. The effects of decreasing the length of the last 
director on the performance parameters of the gain 
optimized zero taper Kmosko-Johnson Yagi. 

length of last director 
(inches) 

36.625 
36.375 
36.125 
35.875 
35.625 
35.375 
35.125 
34.875 
34.625 
34.375 
34.125 
33.875 
33.625 
33.375 
33.125 
32.875 
32.625 
32.375 
32.125 

gain 
IdBi) 

15.601 
15.604 
15.605 
15.604 
15.602 
15.599 
15.595 
15.592 
15.587 
15.583 
15.579 
15.575 
15.571 
15.567 
15.563 
15.559 
15.555 
15.552 
15.548 

FIB 
(dB) 

17.729 
19.090 
20.525 
22.054 
23.702 
25.509 
27.531 
29.851 
32.588 
35.840 
39.164 
40.005 
37.681 
35.048 
32.923 
31.249 
29.905 
28.800 
27.873 

table 7. Frequency response parameters for the initial 
zero taper gain optimized Kmosko-Johnson Yagi. 

frequency 

142.5 
143.0 
143.5 
144.0 
144.5 
145.0 
145.5 
146.0 
146.5 

gain 
(dBi) 

15.259 
15.344 
15.440 
15.537 
15.601 
15.524 
15.082 
13.920 
11.736 

table 8. Frequency response parameters for the initial 
zero taper gain optimized Kmosko-Johnson Yagi after 
maximizing FIB by reducing the length of the last 
director. 

frequency 

142.5 
143.0 
143.5 
144.0 

I 144.5 
145.0 
145.5 
146.0 
146.5 

- - - - 

gain 
IdBi) 

15.301 
15.404 
15.500 
15.570 
15.575 
15.434 
15.013 
14.137 
12.653 

- 

FIB 
(dB) 

14.600 
16.310 
19.015 
24.302 
40.005 
20.942 
13.968 
9.146 
5.125 
- 

wavelengths from the reflector. A five-page listing, 
detailing many undulating cycles of both gain and F I B  
results, was produced. Table 9 presents comparisons 
among the performance calculations for the original 
Yagi, a new gain optimized Yagi, and each of the Yagis 
at calculated F IB  maximas. Tables 10, 11, and 12 

DEGREES 

FREQ : 2 2 0 . 5 0 0  OIR 1 = 2 3  2800 

EL NUM = I3 TAPER = 0 0000 

EL DIAM : 0 12500 F GAIN : 15 3 3 1  

R E F  = 0 . 0 0 0 0  F B  16.537 

fig. 3. E-plane plot of the zero-taper, gain optimized 
Tilton-Greenblum Yagi antenna. 

table 9. Performance parameter comparisons among 
various gain optimized zero taper Tilton/Greenblum 
Yagis as a function of placement of an additional 
director. 

spacing of extra 
element from gain FIB 
reflector ( A )  (dBi) (dB) comments 

original Yagi 
local F IB maxima 
new gain maxima 
local F IB maxima 
local FIB maxima 
local F IB  maxima 
local F IB maxima 
global F IB maxima 
local F/B maxima 

present the frequency response characteristics for the 
original Yagi, the new gain optimized Yagi, and the 
F I B  optimized Yagi resulting from this process. Figs. 
3, 4, and 5 present these antenna's respective E-plane 
plots. 

With the exception o f  the amplitude of some of the 
minor lobes, there are no real differences between the 
original and the new gain optimized Yagis. The F I B  
optimized Yagi has the minor lobes with the greatest 
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I DEGREES 

FREQ ' 220.800 OIR I i 23.2800 

EL NUM . 14 TAPER r 0.0000 

EL OlAM ' 0.12800 F OAIN a 18.576 

REF ' 0.3500 FB : 13.614 

fig. 4. E-plane plot of the new zero-taper, gain optimized 
Tilton-Greenblum Yagi antenna. 

table 10. Frequency response parameters for the initial 
zero taper gain optimized TiltonlGreenblum Yagi. 

gain F/ B 
frequency (dBi) (dB) 

216.5 14.737 16.075 
217.5 15.007 16.472 
218.5 15.194 16.169 
219.5 15.301 15.425 
220.5 15.332 14.537 
221.5 15.295 13.695 
222.5 15.201 13.003 
223.5 15.065 12.515 
224.5 14.903 12.266 

amplitude, particularly from 100-160 degrees. It is 
only from 165-180 degrees that the reduced signal 
pick-up associated with a higher FIB is apparent. All 
three Yagis display an FIB that increases at frequen- 
cies higher than the design frequency, a characteristic 
of a Yagi inherently optimized for something other 
than FIB. Specially placing an element to optimize FIB 
has not changed this Yagi's basic performance char- 
acteristics. While individual preferences are generally 
an important factor in Yagi selection, the 220 MHz 
operator desiring a high FIB may be better served with 
those Yagis presented in reference 2. 

DEGREES 

FREO = 220 500 OIR I : 23 2500 

EL NUM : 14 TAPER = 0.0000 

EL DIAM 2 0.12800 F GAIN 14611 

REF = 2 6100 FB : 29 760  

fig. 5.  E-plane plot of the F/B maximized verison of the 
zero-taper, gain optimized Tilton-Greenblum Yagi 
antenna. 

concluding comments 
Throughout this series I have emphasized the use 

of the digital computer as an antenna design tool 
capable of providing the VHFIUHF Radio Amateur 
with a wealth of accurate information in a relatively 
short time. Gone are the days of tedious and seemingly 
endless iterations of element lengths, spacings, and 
resulting pattern measurements on antenna test 
ranges, all with the inherent possiblity for significant 
human error. With the computer, several "lifetimes" 
of Yagi design iterations can be performed accurately 
and painlessly by using a model that starts with spe- 
cific designs. More importantly, the VHFIUHF oper- 
ator can estimate the expected performance of any 
design more closely than has been possible in the past. 

This series has shown how to identify Yagis whose 
overall performance parameters - a well defined main 
lobe, reduced side lobes, and a reasonable FIB ratio 
- are most desirable in the VHFIUHF station. Once 
again, Reisert has restated and illustrated the im- 
portance of emphasing these parameters." However, 
the operator with special needs, or with the age-old 
urge to tinker with antennas, can now do so with 
relative ease. 

To further aid the knowledgeable antenna experi- 
menter, the final article in this six-part series will pre- 
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table 11. Frequency response parameters for the new 
gain optimized zero taper TiltonlGreenblum Yagi wi th 
an additional director 0.35 wavelengths from the 
reflector. 

gain FIB 
frequency (dBil (dB1 

I table 12. Frequency response parameters for the new 
FIB maxima on  a gain optimized zero taper 
TiltonIGreenblum Yagi wi th an additional director 2.61 I wavelengths from the reflector. I 

frequency 

216.5 
217.5 
218.5 
219.5 
220.5 
221.5 
222.5 
223.5 
224.5 

gain 
(dBi) 

14.322 
14.504 
14.613 
14.650 
14.61 1 
14.491 
14.279 
13.958 
13.493 

sent a detailed explanation of the FORTRAN program 
that enables the mathematical model t o  be iterated on 
a digital computer. An  NBS Yagi will be used to  illus- 
trate the program's logic, and a copy of the FORTRAN 
program will be made available at that time. 
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STAY-PUT is the remote-control, electric wind brace designed 
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one side of the dish and STAY-PUT holds the opposite side. 
Therefore. STAY-PUT eliminates sparkle caused by the wind 
and minimizes the wear to the actuator. Even the best actuators 
haveplay, and theactionof the wind rockingthedishaddseven 
more. Virtually all types of dishes (mesh. fiberglass and solid 
metal) can and do move during windy conditions. STAY-PUT 
stabilizes the dish and, therefore, protects your Investment. 
7TAY-PUT isconstructed of heavy-wall steel pipe and operates 
qu~te simply. One pipe slides insideof theother toallow move- 
ment from east to west. There is a spring-loaded locking device 
attached to the larger pipe. When the power is off to STAY-PUT, 
the brake is put in the locked position. When you are ready to 
move your dish from one satellite toanother, turn the poweron 
to STAY-PUT which releases the brake, rotate your dlsh lothe 
desired satellite and turn the power off to STAY-PUT, which once 
again locks the brake. 
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i 
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i 
STAY-PUT has built-in safeguards to protect your system from 
accidental movement of the dish while the brake is in the 
locked position. STAY-PUTalso has an Indicator light tolet you 
know when the brake is released. STAY-PUT is easy to install. 
inexpensive to operate, and is maintenance free. Even the most 
expensive and sophisticated systems can use the added in- 
surance STAY-PUT offers. 
STAY-PUT comes complete, with the exception of the wiring 
needed toconnect the remotecontrol box(inside the house) to 
the wind brace (outside the house) and two bolts and nuts. De- 
tailed instructionsfor installation and useare provided with each 
STAY-PUT. 
STAY-PUT is UPS shippable. Shipping weight is 20 Ibs. 01s. 
STAY-PUT has a full year warranty. 

J. REED MANUFACTURING 
P.O. BOX 1340 

18295 SPRUCE GROVE ROAD EXT. 
MIDDLETOWN, CA 95461 , 195 

(707) 987-381 6 
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I Gillaspie 9600 I 
Micro Processor Controlled Satellite Receiver 

with wireless remote 

Clear sharp pictures Super Reliability 
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- = - --- 
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. . . . . . . . . . . . . . . . . .  6803 14-95 6850 2.60 YOU SAVE! 32.000 2.49 

40.000 . . . . . . . . . . . . . . . . . .  2.00 
6810 2.00 68A21 4.95 . . . . . . . . . . . . . . . . .  SPECIAL 8/$9.00 87.3333 1.00 
6820 3.25 68845 17.50 91.000 . . . . . . . . . . . . . . . . . .  1.00 

GUARANTEED . . . . . . .  6821 2-95 9517A-4 (8237-4). 10.50 lnd A 1 nn 



P. 0, Box 280298 Dallas, Tewas 75228 
P Be Ge MICRO w41271-5546-  rr~m I 

Big Computer Mfg. Makes $900,000 Goof!! 

COMPUTER/DISK DRIVE 
SWITCHING POWER SUPPLY 

ORIGINALLY DESIGNED TO RUN A 2-80 

A BASED SINGLE BOARD COMPUTER 
WITH TWO 5-114 IN. DISK DRIVES AND 

CRT MONITOR. 

I 1 

BRAND NEW: UNUSED! 
ADD $1.50 PER UNIT FOR UPS 

SPECS: + 5VDC 5 AMPS MAX 
#1 + 12 VDC 2.8 AMPS MAX 
#2 + 12 VDC 2.0 AMPS MAX 

- 12 VDC .5 AMPS MAX 

INPUT: 115 or 230 VAC 60Hz 

HIGH EFFICIENCY SWITCHER MFG. 
BY CAL. DC IN USA! 

The poor Purchasing Agent bought about 10 times as many of these DC 
switchers as his company would ever use! We were told that even in 
10,000 piece lots they paid over $72 each for these multi-output 
switchers. When this large computer manufacturer discontinued their 
2-80 Computer, guess what the Big Boss found in the backwarehouse; 
several truckloads of unused $72.00 power supplies. Fortunately we 
heard about the deal and made the surplus buy of the decade. Even 
though we bought a huge quantity, please order early to avoid 
disappointment. Please do not confuse these high quality American 
made power supplies with the cheap import units sold by others. 

r /  118 

TERMS: Orders over $50 add 854 insurance. No COD. Tex. Res. Add 6% Sales Tax. Subiect l o  prior sale. Foreign orders: US funds only. We cannot ship 
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9. 0. Bou 280298 Dallas, leuas 75228 reo Go M 1 C R o  (214) 271-5546 ~ 7 ~ ~ 7  - 
280" SINGLE BOARD COMPUTER! 

I 64K RAM - 80 x 24 VIDEO DISPLAY - FLOPPY DISK CONTROLLER 
RUNS CP/M* 2.2! I 

GROUP SPECIAL: -1 
$29.95 

(BLANK BOARD WITH 
DATA AND ROM'S.) 

PROCESSED ON A STRICT, 
FIRST COME, FIRST SERVED 

UNBELIEVABLE LOW PRICE!!! 
GIANT COMPUTER MANUFACTURER'S SURPLUS! 

Recently Xerox Corp. changed designs on 
their popular 820' computer. These prime, 
new, 820-1 PC boards were declared as 
surplus and sold. Their loss is your gain! These WE'VE GOT EM! 
boards are 4 layers for lower noise, are solder 
masked, and have a silk screened component 
legend. They are absolutely some of the best 
quallty PC boards we have seen, and all have 

HALF SIZE DRIVES 
passed final vendor OC. Please note, however, 40 Track per slde 
these surplus boards were sold by Xerox to us Doublbslded. 
on an AS IS basis and they wlfl not warranty double density 

nor support this part. Same as SA455 
We provlde complete schematics, ROM'S, Latest head 6 

and parts lists. If you are an EXPEf?/ENCED drive technology . 

computer hacker, this board Is for you! ~ a s t  acceu time 
Remember, these are prime, unused PC 

TWO ot TIWO t4.n sim ~rlm WIII 
boards! But since we have no control over the M In th. %me space ma 1 FUII SIZO D ~ W I  
quality of parts used to populate the blank 
board, we must sell these boards as is, without $179.00 per drive 
warranty. You will have todo any debugging, if C o m p n  at up lo CYS w 

necessary, yourself!. ADD $3.00 UPS PER DRIVE 

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada) 

'CP/M TM OF DIGITAL RESEARCH INC. (CALIF.) 8?O TM OF XEROX COUP. 280 TM OF ZlLOG 

r 
TERMS: Orders over S 50 add 85C Insurance. No COD. Tex. Res. Add 6% Sales Tax. Subject lo prlor sale. Foreign orden: US lunds only. We cannot shlp 
to Mexko. Forelgn countries other than Canada add $6 per board shlpping. 
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the SEED antenna - 
a Short, Efficient End-fed Dipole 

Achieve good efficiency 

while covering 8011 60 meters 

In  1978 1 needed a very short antenna for the 80 
and 160 meter bands. Because I was not satisfied with 
popular designs, I developed a very small antenna 
which, I hoped, might be better. For the last several 
years, the result of this effort has been my regular 
station antenna. I can find nothing like it described in 
the Amateur literature. 

The antenna measures 20 feet (6 meters) long, and 
its center is 14 feet (4.2 meters) above the ground. 
Input SWR is less than 1.15:l from 3.5 to 4.0 MHz 
(160 meter data is comparable). 

If the interest in small antennas is as widespread as 
it appears to be, and if the numerous popular designs 
are as inefficient as I believe them to be, then the story 
of the SEED antenna, whether useful, amusing, or con- 
troversial - might be worth telling. My design consid- 
erations, measurement techniques, performance data, 
and evaluation are included: if they were flawed in any 
way, experts are welcome to set the record straight, 
but the antenna does work . . . and it has advantages 
I've never seen in any other ham antenna, large or 
small. 

initial design 
The first task was to decide what features were con- 

sidered most important, and what their order or priority 
should be. They were: 

operation in the 80 and 160-meter bands 

small size 

efficiency 

feed point impedance of 50 ohms 
simplicity of operation 

The first two would be mandatory; optimizing the 
others would be the job at hand. 

Since short radiators have low radiation resistance, 
good efficiency requires even lower loss resistance. 
The possibilities of a vertical monopole antenna 
operated against ground were not explored because 
an adequate radial system is not small and, without 
one, ground losses are excessive. Similarly, capacitive 
end loading structures, to be effective, would also be 
too big. A short dipole, fed at its center, would re- 
quire loading inductance, which would necessarily 
have too much resistance to be acceptable. 

However, when viewed from its ends, a short di- 
pole exhibits inductive reactance. This can be reso- 
nated with capacitance, and the losses in capacitors 
can be quite small. 

The efficiency of such a 'short antenna could also 
be enhanced if the radiation resistances were maxi- 
mized. This could be done by causing more current 
to flow in a greater part of the length of the radiator. 
The end-fed design would provide maximum current 
in the full length of the radiator and maximum radia- 
tion resistance for the length available. The antenna 
would then be a short, efficient, end-fed dipole. 

With these thoughts in mind, a 20-foot (6.1 m) piece 
of 1-inch (25.4 mm) copper pipe was selected for the 
radiating element corresponding to 6 length of 0.08 
wavelength or 29 degrees at 3.950 MHz, and half that 
at 1.9 MHz. A tapered transmission line of two 20-foot 
pieces of 112-inch (12.7 mm) copper pipe are used to 
end feed the driven element while providing closely 
spaced points for connection of the other parts. This 
approximates an equilateral triangle, with the narrow 
end of the transmission line separated by only a few 
inches. At this point the reactance would still be highly 
inductive. 

Air dielectric tuning capacitors from each side of the 
transmission line establish resonance. By placing a low 

By C.A. Baldwin, W4JAZ, 3406 Old Dominion 
Blvd., Alexandria, Virginia 22305 
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reactance loading capacitor between them, the two 
connecting points providea low impedance, balanced 
feed point. By proper selection of the loading capacitor 
value, this becomes a 200 ohm feedpoint, nonreactive 
when the system is tuned to resonance, and appropri- 
ate for a conventional 4:l balun to match to 50-ohm 
coaxial cable. 

Inherent in this design philosophy is the distinction 
between the radiator and the transmission line func- 
tions. The radiator is a linear elementary dipole in 
which current is essentially the same at all points along 
its length, and voltages at its ends are equal and op- 
posite in phase. 

The transmission line section consists of two adja- 
cent, straight conductors in which current and voltage 
are equal and opposite. I t  is tapered, and therefore its 
characteristic impedance varies throughout its length. 
Its center line is perpendicular to the radiator, and all 
elements lie in the same plane. 

If the radiator is mounted vertically, its intrinsic 
radiation will be vertically polarized and maximum 
toward the horizon, while the center line of the trans- 
mission line will be horizontal, as will the polarization 
of its radiation. 

The inductive reactance present at the open end of 
the transmission line section is the combination of that 
at the ends of the radiator and the effects of the line 
itself. This total was considered the inductive com- 
ponent of the resonant circuit, and no attempt to 
separate the factors appeared to be necessary. 

construction 
The antenna assembly is illustrated in fig. 1. The 

pipe was joined using standard soldered plumbing fit- 
tings to minimize junction losses. The ends of the 
transmission line were connected with half inch silver 
plated braid to rather large feedthrough insulators on 
the box containing the other parts. A wooden "T" 
frame supports the pipe and box, and is mounted on 
a 14-foot (4.27 m) high wooden 4 x 4 inch (100 x 
100 mm) pole. The copper pipe weighs about 18 
pounds (8.16 kg) and is not self supporting. 

A weatherproof box at the end of the transmission 
line houses the capacitors, balun, and selsyn. The cir- 
cuit within the box is shown in simplified form in fig. 2. 

The tuning capacitors, "ganged" by a shaft coup- 
ling, are controlled from the operating position by a 
pair of surplus selsyns connected by a multi-conductor 
cable. A small reversible, slow speed motor might have 
been a better choice. The loading capacitors are 
mounted and connected with copper strap and banana 
plugs. 

The assembly is mounted with the radiating element 
vertical. The supporting boom is hinged at the top of 
the pole to allow it to be tilted 90 degrees to bring the 
control box down to shoulder level for substitution of 
capacitors during evaluation. 

1. X PO' 
(25 4 mm 

6 1mJ 
COPPER 

1 

l /Z1 '  X PO' (1P.7mm X 6 I n 1  

* 

* 4 ' x  4 *  flOPmm X l O P n n l  WOO0 
14' ( 4 . 3 n J  At3OVE 6ROUUD 

* 

I / * "  X 2 0 ,  
(12 7 n m  X 6 . l m J  it - U16U VOLTAGE 

COPPER INSULATORS 

fig. 1. The structure of the SEED antenna and its mount- 
ing [not to scale). 

After the initial selection, the loading capacitor does 
not require adjustment to provide a low SWR across 
a single band. However, a different value is required 
for each band. Because of the high current to be 
carried, use of relays or switches is avoided and plug- 
in units are substituted when changing bands. 

circuit description 
The basic circuit as originally envisioned is a parallel 

resonant circuit as shown schematically in fig. 3A. The 
series resonating capacitors, Csl and Cs2, and the 
loading capacitor, CL, all in series, are across the in- 
ductance of the pipe structure, L. There is also a 
significant distributed capacitance, CD, across the in- 
ductor. This is the capacitance between the sides of 
the pipe structure plus the stray capacitance of leads 
to and within the component box. The inductance is 
20 pH and the distributed capacitance is 19 pF. The 
resistance, A, is the sum of the radiation resistance 
and the loss resistance of the pipe (including joints) 
and capacitors. 

Selection of the series resonating capacitors deter- 
mines the operating frequency. The value required for 
the loading capacitor will depend, to some extent, on 
the physical characteristics of the antenna structure, 
its mounting and environment, and the adjacent 
ground. The balun is a standard commercial unit with 
a cylindrical core and an impedance ratio of 4:1, and 
is rated for full Amateur power. 

The practical circuit now in use is shown in fig. 3B. 
Cs, and CS2 are, in fact, series or parallel connected 
assemblies of fixed units, as required by band selec- 
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fig. 2. Simplified diagram of the contents of the control 
box on the boom of the antenna. 

0 
fig. 3. Circuit of the SEED antenna: (A) the elementary 
circuit originally envisioned, and (6)  the practical circuit 
in use. (Component designations are explained in text.) 

tion and parts availability. In early experiments, each 
of the variable tuning capacitors was connected in 
parallel with the related series resonating capacitor. 
This isolated the distributed capacitance, CD, and 
facilitated its measurement. Under these conditions, 
SWR was 1.5:l or less from 3.5 to  4.0 MHz. It later 
developed that connecting the tuning capacitors in 
series across the entire circuit, as shown, would signif- 
icantly improve the SWR at the band edges. 

Under operating conditions, the total resistance, R, 
also included the effects of ground and environment. 
This measured 0.64 ohms at 1.9 MHz and 2.21 ohms 
at 3.950 MHz. 

The tuning capacitors are 10-100 pF, 4500 volt units. 
When each is paralleled with a fixed series capacitor 
of 680 pF at CsI and Cs2, the circuit tunes from 1.813 
to 1.907 MHz. The optimum value of CL was 7450 pF, 
and maximum SWR was 1.3:l in this range. Band- 
width for an SWR of 2:l without retuning was 3.75 
kHz with a loaded Q of about 370. At 200 watts to 
the antenna, the tuning capacitors each had 2000 
volts, RMS, across them and the current in the cir- 
cuit was 18 amperes, RMS. The benefits of the revised 
connection of the tuning capacitors had not yet been 
recognized when 160 meter tests were made. 

Using the same tuning capacitors but in the revised 
circuit, and with fixed 100 pF units at Csl and CS2, 
the circuit could be tuned from 3.300 to 4.095 MHz. 
The optimum value of CL was 1250 pF for an SWR 
of less than 1.15:l from 3.5 to 4.0 MHz. The band- 
width for an SWR of 2:l without retuning was 14 kHz, 
with a Q of about 225. At  200 watts to the antenna, 
each tuning capacitor had 2250 volts, RMS, across it, 
and current in the circuit was 9.5 amperes, RMS. 

2-meter model 
A 1:36 scale model of the design was made and 

operated in the 2-meter band in an effort to determine 
the free space radiating characteristics of the design. 
Under much less than ideal conditions, scans of 360 
degrees of azimuth were made for both horizontally 
and vertically polarized radiation, with the antenna in 
three attitudes. 

The most informative patterns occurred when the 
radiator was horizontal and the center line of the 
feedline section vertical, as shown in fig. 4A. This 
separated the horizontal radiation of the radiator from 
the vertical radiation of the feedline section, and 
facilitated consideration of each separately from the 
other. It emphasized that the maximum signal from 
the radiator was at right angles to it, whereas that from 
the feedline section was concentrated in the directions 
in the plane of the structure and perpendicular to its 
center line. 

With the plane of the assembly horizontal, a plot 
of the horizontal radiation, as shown in fig. 4B, shows 
essentially a circular pattern, decreasing about 2 dB 
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off the ends of the radiator. Radiation from the feedline 
section nearly fills in the nulls at the ends of the 
radiator. Vertical radiation was not detectable in any 
direction. 

With the radiating element vertical, the vertical 
radiation pattern, as shown in fig. 4C shows lobes in 
directions in the plane of the antenna which were 
about 6 dB above the nulls at 90 degrees from them 
(broadside). There was no measureable horizontal 
radiation. 

orientation 
The model tests simulated operation of the SEED 

antenna in free space. To that information must be 
added the effects of the proximity of ground. Even 
though they could not be measured with available 
facilities, the nature and relative magnitude of the 
distortions to be expected could be estimated. 

Mounted horizontally, the SEED design might be an 

excellent antenna if it were about 140 feet (42.67 m) 
above ground. At a height appropriate to its size, its 
radiation resistance would be reduced, decreasing 
efficiency. Very little low angle radiation would exist. 
Ground losses would be severe. 

If it were mounted with the plane of the structure 
vertical and the radiator horizontal, the horizontal 
radiation would be degraded as described above. The 
feedline section would produce some vertically polar- 
ized radiation. 

By mounting the SEED with the radiating element 
vertical, ground losses might be less and low angle 
radiation should be improved. Since selection of 
polarization could not be based on comparison of 
measurable losses, vertical polarization was chosen to 
favor lower vertical radiation angles. 

initial observations 
A unique feature of the SEED design is a feed point 

0 
fig. 4. Free space radiation patterns of the 2-meter model SEED: ( A )  with plane of antenna vertical and radiator horizontal, 
(B)  with plane of antenna horizontal, and (C)  with radiating element vertical. Zero degrees in A  is perpendicular to the 
plane of the antenna; in B  and C, perpendicular to the radiator in the plane of the antenna. feed point at 180 degrees. 
Solid line shows horizontally polarized radiation, dashed line, vertical. 
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impedance of exactly 50 ohms, non-reactive. Other re- 
sistive or complex impedances may be obtained if de- 
sired. The resistive component is continuously variable 
by adjusting the value of the loading capacitor, and 
reactance may be introduced or eliminated by the main 
tuning control. With the loading capacitor optimized 
at mid-band, SWR did not exceed 1.15:l from 3.5 to 
4.0 MHz. 

Since the loading capacitance is "set-and-forget," 
only one operating control is needed. A noise bridge 
or other low power indicator of resistance and re- 
actance at the operating position will show when the 
antenna is resonant at the desired frequency, and 
causes no harmful interference. Under power, any 
device which will show maximum forward or minimum 
reflected power in the feed line will indicate proper 
tuning. But accurate tuning is critical to optimum 
antenna performance as well as feed point impedance. 
Error in tuning of 8 kHz at 3.950 MHz results in SWR 
of 2:l and degrades efficiency, and at 160 meters 
much more care is necessary. CAUTION: A matching 
network or "antenna tuner" should not be used with 
the SEED antenna; neither it nor any controls in the 
transmitter can compensate for mis-adjustment of this 
antenna. 

If a slow speed, reversible motor is used for remote 
tuning, a drive shaft speed of 1 RPM is a little too fast 
for convenience and accuracy, while a slower rate in- 
creases the time required for wide frequency 
excursions. 

The very high loaded, operating Q of this circuit, 
225 at 3.950 MHz and 370 at 1.900 MHz, probably at- 
tenuates harmonics and many other spurious emis- 
sions very effectively, but this effect could not be 
assessed. The resulting high current in the full length 
of the radiator is the good news. High current and 
voltage in the other parts of the circuit require special 
attention. Many hams may not be familiar with anten- 
na parameters of 16,000 volts, peak, or 42 amperes 
of RF. 

No inherent frequency limitations on the SEED 
design were observed. The 144 MHz model performed 
well, but both selection and adjustment of low loss, 
small capacitors were tedious. The total length of the 
radiator plus both elements of the feedline section 
should not exceed about 0.4 wavelength at the highest 
frequency to be used for fundamental operation. 

At lower frequencies, through the broadcast band 
and below, it appears that a structure of this design, 
but still less than 0.1 wavelength long, would operate 
well and might have advantages. Elimination of the 
need for an extensive field of ground radials as an inte- 
gral part of the circuit may be beneficial in some cases. 

operational testing 
The test site for the SEED is in a ravine nearly sur- 

rounded by ground 130 feet higher. The surface slopes 

about 8 degrees and is completely covered by trees. 
There are seven houses within a half wavelength of 
the antenna. A full length horizontal dipole 35 feet high 
and a 48-foot vertical are available for comparison. A 
single knob permits instant selection of any antenna 
and disabling of the others so they will not act as 
parasitic radiators. All antennas were matched to 
accept the same power. Most tests were conducted 
at frequencies near 3.950 MHz. 

A lengthy effort was made to obtain dependable nu- 
merical comparative performance data, but results 
were inconclusive. Subjectively, less formal signal re- 
ports and innumerable listening tests over a three-year 
listening period were encouraging. At distances of less 
than 100 miles, the consistent superiority of the hori- 
zontal dipole confirmed the predominantly low-angle 
radiation of both the SEED and the vertical. At dis- 
tances up to about 550 miles, the SEED and the hori- 
zontal dipole exceeded each other as conditions 
varied, while the vertical whip was consistently in- 
ferior. The immediate terrain prevents investigation of 
the probable superiority of the SEED and the vertical 
at greater distances, where predominantly low-angle 
radiation is most effective. 

The antenna was resonated and matched in the 160 
meter band and operated for about three weeks in 
early April. Power to the antenna was about 160 watts, 
PEP, on Single Sideband. Most contacts were made 
between 6 and 10 PM and at distances of 300 to 600 
miles. No apology was offered for the size of the 
antenna and good reports were received. Those who 
asked and were told that the radiator was 20 feet long 
expressed surprise and curiosity. 

The most frustrating aspect of these experiments 
was the inability to obtain satisfactory "on the air" per- 
formance data. It is hoped that someone with a 
suitable test site will investigate and report the low 
angle, long distance capability of the SEED which 
could not be determined at this location. 

measurements 
Several years of dredging at surplus outlets and 

hamfests had provided a supply of nondescript 
capacitors for this project. It soon became apparent 
that knowing the capacitance of those in the circuit 
would be necessary, and accuracy would be impor- 
tant. A Dynascan digital capacitance meter was ob- 
tained and used for measurements. A popular noise 
bridge was found to be inadequate for critical, repeat- 
able, measurements. By modifying a published design, 
a noise bridge with suitable accuracy and resolution 
was made and calibrated. A secondary station receiver 
was dedicated to the project, and a signal generator 
and frequency counter provided signals of known am- 
plitude and frequency. 

One of the useful features of the SEED design is that 
it is a parallel resonant circuit with easily measurable 

108 September 1984 



John J Meshna Jr, Inc. 
I 19 Allerton Street I,vnn. MA Ol9o.l *'I'eI: (617) 595-2275 

DUAL FLOPPY DISC DRIVES 
BRAND NEW, dual floppy disc drives made for  Digital Equipment Corp. (DEC 
model no. RX 180 AB). This beautiful piece of computer hardware consists of 
2 Shugart compatible TEAC 40 track, double density, 5%" mini-floppy disc 
drives brand new in the case with their own regulated, switching power supply, 
cooling fan & on/off switch. Each unit also comes with a line cord & documen- 
tation. These were made for DEC, but are also compatible with other personal 
computers such as IBM, TRS 80 models I, 11, & the  Color Computer, and 
other Shugart compatible interfaces. Naturally you supply the cables and disc 
controller card t o  suit your particular system. The RX 180 AB runs off of 115 
/230 VAC 50/60 Hz. wlout any modifications to  the drives. Each system come! 
in the original factory box and are guaranteed functional. A blockbuster of a 
buy !! Shpg. wt. 20 Ib. Stock no. RX 180 AR $250.00 
Modified to run with TI 9914A personal  c o m p u t e r  system $285.00 

HIGH SPEED KSR PRINTER TERMINAL &.-: f 

World famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are 
r:r - - *a& 

now in stock ready for  shipment t o  you. This has t o  be one of the  finest letter qual- 
ity printers ever offered a t  a bargain price. These terminals can be  used as an RS 232 
asynchronous communications terminal or used in the local mode as a typewriter. 
The terminals were removed from service for upgrading. Highlights of these machines 
are: Standard RS 232, full duplex, asynchronous data comm., fully formed upper and 
lower case letters, 128 character ASCII set, selectable baud rates of 110, 300, or 1200 
BPS, 80 columns on pin feed paper, and less weight & size than an ASR 35 teletype 

I with far less racket. They are virtually electronically foolproof as every pc board is 
I 

Pico fuse protected. Should your machine not work, just check the  on board fuses & 
r 

9 ou t  of 10 times that  is where the problem lies. Schematics are provided w/ each ma- 
chine sold. Current price of this machine new is over $2000.00 ! Our meager price for 

- 
this fantastic printer is only 10% of this: $200.00 each!!! Visually inspected prior to  
shipment t o  insure completeness. Shpd. truck freight collect. $200.00 

IBM '745 SELECTRIC BASED 
TYPEWRITER PRINTERS 

These rugged, handsome printers were made for one of the giants 
of the computer intlustry. They can be used as a stantlartl type- 
writer or as a printer in a word processing system for true 
letter quality printing. Solenoids were added to  the selectric mechanism 

I which disabled the manual repeat function but still allows electronic 

1 repeat functions. It uses standard IBM typing balls. The voltage 
requirements are standard 1 1  5  VAC, 5  VDC at 1 0 0  ma, and 2  4  VDC a t  
4 amps. All are new in factory boxes, but may require adjustments. 
We provide literature and schematics with 1  ribbon and cleaning tools. - !% ~ i t i ~  the addition of our Centronics t o  Selectric 110 adapter, you could 

CENTRONICS TO SELECTPIC INTERFACE 
This interface will adapt a Kedactron Selectric 110 typewriter mechanism 
to be used as a parallel ASCII compatible printer. The parallel input 
port provides compatibility to Centronics standards for both "busy" 
and "acknowledge" protocols. The interface requires only +5VDC a t  
3 5 0  ma. This interface is fully built, less power supply, is guarenteed 

Send S.A.S.E. for free data sheet operational, and comes with data. Shpg wt. 1 5  Ibs DE 2 0  1 A ,$2 4 5 .OO 

19" HI-RESOLUTION COLOR X-Y DISPLA Y 
Thm a special purchase we got hold of 5 0  brand new 1 9 "  color displays. They were 
made by Wells Gardner for one of the largest arcade video game manufacturers in the 
world. The dlsplays feature built in red, green and blue ampl~fiers, 1 9  " color tube 
made by Wells Gardner. User supplied external hor~zontal and vertical scan osc~l- 
lators which allows precise user control over screen resolution. A real plus! Requires 
2 5  V - 0  - 2 5  V Input for amps, available separately. Some spec S for you technical **- 
people: signal ~npu t s  "X" horizontal 1 6  V P-P +8 V. "Y" vertical 1 2  V P-P +6 V; 
"Z" beam drtve, 4 V max br~ghtness, 1.0 Volt black level . Writing rates "X" amp is 
.05 inchlusec, "Y" amp 1s .O375 ~nchlusec. Great for making your own video games, 
oscilloscope monitors, or adapting for home computer use. Suppl~ed with shematics. . 
Shpg. Wt. 4 5  Lbs. MOT-19C $ 1 9 9 . 0 0  

TRANSFORMER FOR ABOVE Shpg. Wt. 1 5  Lbs. $ 1 2 . 0 0  
A 

Phone Orders accepted on MC, VISA, o r  AMEX SuTplus Electronic Material Send for  ou r  free 72 page cdtalogue jam 
No COD'S. Tel. 1-617-595-2275 packed with goodies. 
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i FREE CATALOG! 1 
Features Hard-to-Find Tools 

and Test Equipment 

Jensen 's  n e w  ca ta log  fea tu res  hard-to- 
f ind p r e c i s ~ o n  tools, t o o l  kits, tool  c a s e s  
a n d  test  equ ipment  u s e d  b y  h a m  r a d i o  
operators,  hobbyists,  scientists, e n -  
gineers, laborator ies a n d  g o v e r n m e n t  
agencies.  C a l l  o r  wr l te  fo r  y o u r  f ree  c o p y  - today.  

JENSEN 1 781 5 S. 46th Street 
1 

Phoen~x,  AZ 85040 1 
TOOLS INC. (602) 968-6231 

L I I I I I I ~ I I ~  
fl 157 

EGBERT I[+ 
R H Y  - CW - XFER 

f o r  t h e  Apple II, 11+ I l e  
T r a n s m ~ t  8 R e c e ~ v e  w ~ t h  S o f t w a r e  O n l y  

NO TU REQUIRED 
The Egbert I[+ h a s  R l T Y / C W / X F E R  
o n  t h e  s a m e  d t s k l  a n d  f e a t u r e s  split 
s c r e e n  o p e r a t ~ o n .  t y p e  a h e a d  bu f fe r .  s e -  
l e c t a b l e  m a r k  s p a c e ,  s h ~ f t  a n d  s p e e d ,  
c h a n g e  m o d e s  a n d  s p e e d s  f r o m  m e n u .  
m a l l b o x  w t t h  s e l e c t w e  c a l l  a n d  s a v e  t o  
d l s k  P r o v l s ~ o n s  f o r  u p  t o  9 c a n n e d  
m e s s a g e s  o n  e a c h  d a t a  d lsk,  a n d  m u c h  
m o r e  

F O R  M O R E  I N F O . O R O R D E R . C A L L O R  
W R I T E  

W.H. NAIL COMPANY 
275 L o d g e v ~ e w  D r l v e  

O r o v ~ l l e  C a  95965 
M / C  (91 6) 589-2043 VISA 

Egberl I ( +  =69 95 tncludes program back u p 8  
documentallon USA Res~dents add $2 50 for 
shtpp~nq All othersadd S6 00 Ca Res add6% 
sales tar 1/ 178 

INCLUDE CALL SIGN WITH ORDER! 

RADlO EXPO 84 
HAMFEST 

sponsored by 

Chicago FM Club 

September 22 & 23 
Lake County Fairgrounds 
Grayslake, IL Rts. 45 & 120 

Giant Outdoor Flea Market 
Resewed Indoor Tables - S5 00 ealday 

Malor  Manufacturers Exhlblts 
Tech talks - Seminars - Ladles' Programs 

Tickets good for both days 
$3.00 advance - $4.00 at gate 

SASE to RADIO EXPO 84 
BOX 1532 

Evanston, IL 60204 
(31 2) 582-6923 

THE UHF COMPENDIUM 
by K. Welner, DJ9HO 

Thls 413 page book 1s an absolule must lor every 
VHF and UHF enlhuslasl Spec~al emphasls has 
been placed on stale of-the art techn~ques Aulhor 
Welner lully describes test equlpmenl al~gnment 
tools power measurtng equlpmenl and olher handy 
gadgets All ot the prolects and des~gns have been 
lested and proven and are not englneer s plpe 
dreams Antennas are also tully covered w ~ t h  a num- 
ber of easy to build des~gns as well as large mega- 
element arrays 1980 
UKW-UHF Softbound $23.95 

VHF-UHF MANUAL 
by G.R. Jessop ,  G6JP 

Thts new revtsed 41h ed~tlon IS jam-packed wlth clr- 
cults antennas converters cavlty amplltlers and 
much. much more Pract~cal theory and conslrucllon 
prolects cover from 70 MHz to 24 GHz The chapter 
on Microwaves has been expanded to 83 slate of 
the art pages Recelver and lransmltlers for all VHF 
and UHF bands are covered ~n 181 pages The bal- 
ance of l h ~ s  book conlalns ~nformatlon on propaga 
t ~ o n  tuned ctrculls space communlcatlons f~llers 
test equtpmenl antennas plus a handy easy lo use 
dala sectlon Equ~pment des~gned for the Brllfsh 4 
meter band can be adapted lalrly easily to the U S 
6 meter allocallon 1983 512 pages 4th ed~tlon 
U RS-VH Hardbound $17.50 

VHF RADIO PROPAGATION 
by J. D. Stewart 

Baffled by VHF propaqdl~on? It's not a mystery 11 
you have a copy of tI11\ book J D Stewart explatns 
~n deta~l propagallon rnechanlsms such as atmos- 
pher~c ductlng scanerlny auroral reflections and 
lonlzed meteor tralls You also earn how to observe 
the Sun and evaluale weather cond~t~ons so you can 
pred~ct favorable propagation condlt~ons 1982 
112 pages 2nd ed~llon 
ilNO-PH Softbound $4.95 

VHFHANDBOOK 
by W9EGQ and W6SAI 

Contatns all Ihe IL~tesl tnlormal~on lor VHF operation 
Antenna destqn and conslrucllon from 50-432 MHz 
IS lully covered w ~ t h  proven practical des~gn ~nlorma- 
llon You also get a complete rundown on FM theory 
des~gn and plenty ol helpful hlnls and lips In the 
conslrucllon sect~on the authors detall how to build 
low nose h ~ g h  perlormance converters transcetv 
ers ampllf~ers and plenty ol other pleces of ~nterest- 
~ n g  equipment Thls book IS a musl lor both the be 
glnner and experl ~n VHF communlcatlons 1974 
336 pages 3rd ed~tlon 
ORP-VH Softbound $11.95 

Please add $2 50 for shlpplng 

H A M  RADIO'S BOOKSTORE 
Greenv~lle, NH 03048 



components. The series, loading and tuning capaci- 
tors can be measured directly. The value of the dis- 
tributed capacitance and the inductance of the struc- 
ture, including the connecting leads, can be computed 
directly from these measurements and the frequency 
of resonance, as explained in appendix A. 

With this data, it is possible to determine the series 
resistance of the antenna in position, as shown in ap- 
pendix B. This is the sum of the radiation resistance, 
the loss resistance of the components, and the effects 
of absorption and reflection of adjacent ground and 
other objects. The loaded Q of the circuit can also be 
found, and measurement of the bandwidth for an 
SWR of 2: l  can be confirmed as in appendix C. 

efficiency 
The books say that the radiation resistance at 3.950 

MHz of the SEED antenna in free space would be 
about 5 ohms. Loss resistance in the primary circuit 
has been determined to be about 0.1 ohm. Under 

5 these conditions, efficiency would be ----- x 5 + 0.1 
100 = 98 percent. This shows success in obtaining 
some of the design and construction goals, but 
usefulness of the figure is limited. 

When the real secondary effects of ground and en- 
vironment loss and reflection are added, the measured 
total resistance is 2.21 ohms at 3.950 MHz. Facilities 
were not available to divide this total between loss and 
radiation resistance, so a real efficiency percentage 
cannot be determined. However, the portion which 
represents total losses cannot exceed 2.21 ohms and 
must be somewhat less because useful radiation has 
been observed. 

This justifies the original premise that even small 
amounts of loss resistance in the primary circuit could 
seriously degrade the output signal. As an example, 
substitution of No. 10 wire for the pipe which was 

used would increase primary resistance by 1.1 ohms 
and would just about double the total loss of the 
operating antenna. In other words, the increased re- 
sistance of the wire would be more or less equivalent 
to the power of the radiated signal. 

evaluation 
The initialdesign goals were all satisfactorily met or 

exceeded. A 20-foot radiator which can be operated 
without apology on either 160 or 80 meters is certainly 
small, and the SEED appearsto be much more effective 
in use than would be expected. An SWR of less than 
1.15:l across the entire 3.5-4 MHz band may be one 
of the best solutions available for modern transceivers 
with transistor output stages. Elimination of the usual 
"antenna tuner" in the shack, and a single control to 
resonate the system, is operating convenience which 
approaches the ultimate (automatic sensing and res- 
onating of the circuit could be provided). 

However, CAB'S Law is that "A problem solved is 
a problem created." A t  full legal Amateur power, a 
very short antenna must carry very high current, as 
do the associated capacitors. In the process of 
developing that current, high voltages are created. 
Ham-type handbooks and reference data available here 
provide very little theoretical or practical information 
about capacitors under conditions of high voltage, 
high current, high frequency, and high capacitance 
values. 

The SEED antenna operates at 200 watts on either 
band with surplus capacitors that cost less than $25. 
The air variables are currently advertised at about twice 
that, but all others are obsolete and not now available. 
The capacitors in SEED Mk IV, a rather different ver- 
sion, are more than is needed, but they will take a full 
kilowatt without strain. They could be bought new, 
now, but for well over $1,000. 
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fig. 5. Transposition of the actual circuit of the SEED antenna (A); to the equivalent circuit (B) ;  and to the simplified equivalent 
(C).  as described in appendix 8. 
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Maybe someone who reads this can publish infor- 
mation on how to economically obtain capacitors 
which can handle any of the following requirements: 

7500 pF, 42 amperes, at 500 volts RMS, at 2 MHz 
. 680 pF, 42 amperes, at 4,700 volts RMS, at 2 MHz 

100 pF. 24 amperes, at 5,600 volts RMS, at 4 MHz 

appendix A 
With reference to fig. 3A. the parallel tuned circuit consists of 

an inductance, L,  a distributed capacitance, Cm, and a series com- 
bination of tuning and loading capacitors, Cs,\. The values across 
Css were measured as follows: 

1.900 MHz 333 pF 
3.950 MHz 62.7 pF 

In each case, the distributed capacity must be added to that 
measured to resonate with L.  

The formula for resonance, 

can be rewritten: 

Substituting appropriate numbers, 

I 

which can be solved for Co (18.67 pF) and then for I.: 

At 1.900 MHz: 333 pf: + 18.67 pf: 
= 351.67 pE' or 238.2 o111ti.s 

and 238.2 ohtns = 19.953 pi /  ./'or I .  
at 3.950 MHz: 62.7 pF' + 18.67 pF 

= 8 / 3 7  pF or 495.2 olrttlc 
+and 495.2 o111tlc 19. 952 pII ,/or I. 

appendix B 
With the antenna resonant at 3.950 MHz, the value of the loading 

capacitor was adjusted for 50 + jO ohms at the end of about a half 
wavelength of new RG 213/U cable. Subject to any imperfections 
in the balun, this indicated an impedance of 200 t jO ohms across 
the loading capacitor. The measured value of this capacitor was 1476 
pF for a reactance of 27.3 ohms. The reactance across the series 
combination of CFI,  CS2, utrd C'/, or ('.\\, was 643 ohms. 

The ratio of ,Ir'(.\\. to .YC./ is 643 to 27.3 or 23.553 to 1. The impe- 
dance ratio is the reactance squared, or 554.75 to 1. Therefore, the 
impedance across C'.F,s, at resonance, is the impedance across ( '/, 
200 ohms, multiplied by 554.75 or 110,950 ohms. This is the impe- 
dance across the parallel tuned circuit and, at resonance, it is pure- 
ly resistive. Since the relationship of the series resistance, r, to the 
parallel resistance, R, is: 

r =  ,Y-' 
K 

where A' is the reactance of either the inductor or total capacitance 
of CS5 t CI) ,  or 495.1 ohms. Then 

or the total series resistance of the antenna is 2.21 ohms. 
Alternatively, the circuit may be considered by transposing it as 

shown in fig. 5. The circuit was modified and measured at 3.950 
MHz, as shown in f ig. 5A. In the absence of the total of 
and C,ss would need to be combined to resonate at the same fre- 
quency. Retaining the same ratio between C.5 and ( ' / ,  the values 
can be computed and would be as given in fig. 58. 

It can then be seen that the net reactance of I . ,  ('\2, in series, 
is inductive and equal to the capacitive reactance of C I .  Consider- 
ing this combination. I .  ', the circuit can be redrawn as in f ig. 5C. 
This is a simple parallel tuned circuit, and it is known that its parallel 
impedance at resonance is 200 t jO ohms and may be expressed 
as K. Then, since the equivalent series resistance. r ,  is given by 

r - %' and X is the reactance of 0, which is 21 ohms. Then 

44 I r = 200 = 2.205 oh~tr.~.  

appendix C 
The loaded Q of the antenna at 3.950 MHz can be found by 

dividing the reactance of I. by the series resistance. Then C) = 
495 2,21 : 224. It can be shown that for a C) of 224. the band- 

width for an SWR of 2:l. would be 13.225 kHz at this frequency. 
Tests of the SEED at 3.800 kHz, where the coax was electrically 

a half wavelength long, measured the bandwidth for a SWR of 2: l  
of 13.950 MHz. This tends to corroborate other tests and 
computations. 
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electromagnetic interference 
and the digital era 

Component selection, 
grounding and shielding 

solve common problem 

of digital design 

Whatever happened to the good old days when 
unwanted radiation consisted of RF on the micro- 
phone cord or key line and relative output power was 
measured by the length of the arc drawn from the final 
caps to chassis? A high wattage soldering iron and a 
handful of large disk capacitors was always enough 
to solve any floating RF problems and the pulsing of 
the gas filled tubes served only as an "on-the-air" 
indicator. 

As more electronic consumer equipment entered the 
home, Amateurs found it necessary to clean up their 
signals by adding shielding and lowpass filters to pre- 
vent interference with home entertainment products. 
New terms such as radio frequency interference (RFI), 
electromagnetic compatibility (EMC), and television in- 
terference (TVI) became more common and Amateurs 
were forced to become knowledgeable about quarter- 
wave traps, hi-fi speaker bypassing, and other meth- 
ods of preventing their signal from being received by 
their neighbor's equipment. 

With the advent of home computers, the interfer- 
ence problem took a new turn. Now manufacturers 
were producing and mass marketing equipment capa- 
ble of causing interference in radio and television re- 
ception. It didn't take the FCC long to determine that 
some new regulations were in order. The result of the 
FCC rulemaking was Docket 20780, which placed cer- 
tain limits on both conducted and radiated inter- 
ference, and Docket 80284, which outlined the test- 
ing requirements necessary to show compliance with 
20780. 

what are the requirements? 
The FCC made two major decisions which set the 

schedule and defined technical requirements for in- 
dustry. The first cutoff date, January 1, 1981, applied 
to personal computers and electronic games. All such 
equipment manufactured after this date was required 
to meet the new specifications. After October 1, 1981, 
all other subsequently produced computing equipment 
had to meet the new specifications, and after October 
1, 1983, no devices could be sold, regardless of the 
date of manufacture, unless they were tested and cer- 
tified to operate within the allowable interference 
limits. 

Docket 20780 defines two different classes of equip- 
ment and specifies radiated and conducted limits for 
each. Class A includes commercial equipment, while 
Class B limits apply to home equipment. Table 1 
outlines the allowable limits for both classes in the two 
interference categories. 

There are, obviously, some questions which the 
manufacturer must settle before he will know if the 
product he makes falls under the new regulations. First 
of all, just what is classified as computing equipment 
and what is not? According to the definition in Docket 
20780, any device that generates or uses signals or 
pulses in excess of 10 kHz is designated a computing 
device. Secondly, if the manufacturer produces a 
device which is used in both residences and busi- 
nesses, which specification must be met? I don't know 
the legal ramifications of this question, but if a sizable 
portion of the market is for home use, I suspect the 
Class B specifications will have to be met. So, is your 
new Hi-Tech DX transceiver covered by this regula- 
tion? Well, if it contains or uses digital circuitry with 
clock frequencies in excess of 10 kHz; memories, a 
CRT, or a switching power supply; disks, a tape-drive, 
printer, communications interface, or microprocessor, 
it probably is. 

By F. Dale Williams, K3PUR, 1394 Old Quincy 
Lane, Reston, Virginia 22094 
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why the sudden interest? 
Life in the analog lane was almost always predic- 

table, with any interference problems easily isolated 
to a particular frequency and circuit. However, digital 
electronics has overwhelmed the RF environment with 
binary clocks that produce harmonics into the Giga- 
hertz range, plastic equipment enclosures, wall plug 
power supplies, and unshielded ribbon cable that acts 
as an antenna to radiate both the signals it is meant 
to carry as well as any other signals near the circuit 
connection. 

By the very nature of the binary format, digital 
pulses are rich in harmonics. As the signal switches 
from the minimum circuit value to the maximum, the 
potential interference at any frequency is dependent 
upon the waveform characteristics. Fig. 1 shows the 
parameters for a typical pulse waveform. If we assign 
values to these parameters for purposes of illustration: 

A = 4 volts 

t ,  = 5 nanoseconds = 0.005 microseconds 

t = 0.5 microseconds 

T = I microsecond (PRF = 1 MHz; 
PRF = l / T )  

PRF (Pulse Repetition Frequency) = I/T 

Then calculate: 
A(t + t,) = 4(0.5 + 0.005) = 2.02 microsecond-volts 

A/ t ,  = 4/0.005 = 800 volts per microsecond 

These values can then be plotted on a standard con- 
ducted interference graph for the particular waveform 
used. The resulting interference level for the above 
waveform parameters is shown in fig. 2(A). Now let's 
increase the rise time by a factor of 100: 

f, = 500 nanoseconds = 0.5 fnicroseconds 

A ( f  + f,) = 4(0.5 + 0.5) = 4 rnicrosecond- volt s 

A / t ,  = 4/0.5 = 8 volts per microsecond 

I table 1. Conducted and radiated interference limits. ' 
I 

conducted (MHz) class A Ipv) class B (gV) 

0.45 - 1.6 1000 250 
1.6 - 30.0 3000 250 

radiated (MHz1 class A (pV/m)* class B IpVlrn)" 

30 - 88 30 100 
88 - 216 50 150 

216 - 1000 70 200 

"measured at 30 meters 
'"measured at 3 meters 

These values are plotted in fig. 2(B). As a final test, 
let's change the repetition or clock rate to 500 kHz in 
the first example: 

T = 2 microseconds (PRF = 0.5 MHz; 
PRF = I /T )  

t = I microsecond 

A([ + I,) = 4(1 + 0.005) = 4.02 microsecond- volts 

These values are shown as curve C in fig. 2. From the 
interference plots, it is obvious that the lower clock 
frequency produces slightly greater amplitude, while 
a decrease in rise/fall time produces less interference 
at the higher frequency ranges. The points marked as 
f7  denote the point where the envelope begins to drop 

WHERE t, = R I S E  T I M E  

tf = F A L L  T I M E  

4  : A M P L I T U D E  

r : P U L S E  D U R A T I O N  

T  - P U L S E  R E P E T I T I O N  T I M E  

I fig. 1. Pulse waveform parameters. I 

l O k H l  1 0 0 k H z  l M H z  l o M H z  lOOMHz l G H z  

F R E O U E N C Y  

fig. 2. Conducted interference from symmetrical 
trapezoid. 
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off at the rate of 20 dB per decade. This point is deter- 
mined by the pulse duration or period. Points shown 
as f2 mark the frequency where the envelope drops 
off at a rate of 40 dB per decade. These points are 
determined by the rise and fall times. From this inter- 
ference plot, it becomes clear that pulse shape, con- 
trolled by the rise and fall times, is the most impor- 
tant factor in reduction of the interference spectrum. 
This is further illustrated by fig. 3, which shows the 
relative interference levels of various waveshapes. It 
also becomes evident why operating a computer with 
poor electromagnetic interference protection precludes 
simultaneous use of everything from HF receivers and 
TV to the scanner. 

conducted versus 
radiated interference 

If we compare these two types of interference to 
a hot water heating system, the analogy may help us 
to understand the problem. The hot water radiator 
disperses heat to the room in proportion to the 
temperature of the water circulating through the 
system. If the water is not conducted to a particular 
radiator, no heat can be radiated from that radiator. 
Similarly, the interfering signals must be conducted 
from the source by means of circuit board traces, wir- 
ing, or components from which the interference can 
be radiated to a distance dependent upon signal 
strength. 

Probably the only areas where conducted emissions 
are more important than radiated emissions are in the 
power line and grounding circuit. These areas become 
particularly important when switching type power sup- 
plies are used. With common power units, a multisec- 
tion pi-type filter placed in a metal box, with RF con- 
tinuity to the shielded equipment enclosure, will pre- 
vent any signals generated in the circuitry from reach- 
ing the power line. This procedure will also protect 
against interference radiation by the power cable. Con- 
ductive interference caused by ineffective grounding 
circuits is caused by an unintended resistive circuit 
ground connection to true ground. Such a connec- 
tion will cause an offset signal level from true ground 
to be circulated to other points of the circuit which 
are also attached to the common bus. 

Radiated interference commonly refers to any inter- 
fering signal propagated via an electromagnetic field. 
This definition includes radiation from wires or cables 
acting as transmitting antennas and coupling by 
mutual inductance or capacitance. The electromag- 
netic field propagates in normal fashion where the 
strength of the signal is inversely proportional to the 
distance from the source. 

lnterference contained on a signal cable between 
two pieces of equipment is not normally considered 
a potential radiated emission problem unless the con- 

I t t t ~ FREQUENCY 

fig. 3. lnterference levels for various waveforms. I 
ducted interference affects the operation of the unit 
to which it is connected. 

design considerations 
One of the worst jobs in the industry is trying to 

modify a piece of equipment manufactured without 
regard to EMCIRFI requirements to meet FCC regula- 
tions. In most cases, it is more economical to redesign, 
at least at the board or module level. 

Good design practice dictates that EM1 should be 
reduced as much as possible at every level. For cir- 
cuit design, that means we must choose logic families 
with no greater bandwidth than necessary. For in- 
stance, CMOS has a lower bandwidth capability than 
other logic families. If a high speed clock is not re- 
quired, use a lower speed clock instead of dividing 
down. Use waveforms with as long a rise and fall time 
and duration as possible within timing constraints. 

When laying out the circuit board, use a minimum 
of one-eighth inch wide groundlcomrnon traces and 
place them at the edges of small boards, with addi- 
tional traces down the center for larger boards. Ground 
traces should be connected at one end of the board 
only - the connector end. Ground returns should be 
as short as possible. If double-sided boards are used, 
interconnections between top and bottom surfaces 
should be frequent. Use of wiring to connect inte- 
grated circuits on different parts of the board should 
be avoided. When unavoidable, shielded cable, or at 
a minimum twisted pairs, should be used. Do not 
"float" any unused IC pins. Circuits employing clock 
frequencies on the order of 10 MHz and above are 
good candidates for double-sided boards. This pro- 
cedure also acts to shield parallel boards in a vertical 
card slot configuration. 
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Liberal use of bypass capacitors will help minimize 
stray emissions. When strategically placed in the cir- 
cuit, they will do the job even better. Figure 4 shows 
the placement of various types and values of capaci- 
tors to suppress the complete range of frequencies. 

Circuit board connectors present one of two loca- 
tions where all signals are in'close proximity to each 
other. If ribbon cable is used to parallel connectors, 
it should be mounted flat to the chassis and not run 
in close proximity and parallel to the component side 
of a circuit board. If various timing signals are to be 
carried on the same ribbon cable, alternate strands 
should be at ground potential. When using clock fre- 
quencies above 1 MHz, coaxial board connectors and 
cable should be considered. 

The other location where the signal cables are in 
close proximity to each other is in the output connec- 
tors. If the output is a bus connection, it should be 
actively terminated rather than left to "float." This is 
one of the worst areas for emissions. If the outputs 
will not be continuously covered by an external con- 
nector, they must be covered by a shield lor metal 
shell) that prevents any leakage of RFI. External con- 
nectors must be metallic and use cables employing an 
overall shield that is continuous with the connector. 
For particularly bad cases, special chassis-mount con- 
nectors that incorporate filters as an integral part of 
each pin are manufactured. They operate much as DC 
feedthrough capacitors, as shown in fig. 5. Keep in 
mind that any filtering on signal lines will alter the 
waveform, much as a long length of cable would. 

I I @ = SOLID SLUG TANTALUM I 

Exc.pt es Indlc.lad, deelm.1 
values 01 ca~acItrnc(~ at# In mlero. 
l#nd i  (VF): others ere In plcolat- 
r d l  (PFJ; realstances are In ohms. 
k - 1,000 M = 7.OW.WO 

I fig. 4. Bypassing for EM1 suppression. I 

I F REQUENCY I 

/' IOOOPC P I  ELEMENT 

FREQUENCY 

fig. 5. Typical attenuation for connector pin filters. 

Therefore, if signal line filters are required, they must 
be selected by the effect they may have on the pulse 
shape, typically lengthening rise and fall times, but n p  
necessarily by equal increments. If all else fails, fiber 
optics or optocouplers may be used. 

grounding 
Although no guide to a perfect grounding system 

exists, practical experience has shown that following 
certain standard procedures is the first step in estab- 
lishing an effective grounding system. 

If you have control of that part of the ground sys- 
tem to which the equipment being designed will be 
connected (such as in a home or business environ- 
ment), you should consider this as an integral part of 
the overall system. If a ground system is to act as a 
common voltage reference point, it is important that 
a single point, low potential, true ground location be 
established and that all branches feeding this point are 
low resistance/impedance paths. A typical system 
configuration is shown in fig. 6. Within each piece of 
equipment, all circuit boards/modules should have 
only one ground lead to the internal ground bus; if 
such a lead would be too long (over one-quarter wave- 
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I fig. 7. Internal equipment grounding. I 
length at the clock frequency), this lead may be con- 
nected directly to the chassis, as shown in fig. 7. Ad- 
ditional pieces of equipment comprising part of a sys- 
tem - i.e., CPU, disks, CRT, and printer - normally 
receive ground continuity via shielded cables and no 
additional ground wire connection between the chassis 
should be made. 

shielding 
Shielding refers to the use of an electromagnetic 

barrier to separate electric or magnetic fields. When 
implemented as an equipment enclosure, with appro- 
priate measures to secure any openings against dis- 
continuties, it functions to maintain all signals 
generated within the case as well as keeping poten- 
tial external interfering signals from entering the 
enclosure. The enclosure material may be any one of 
various metals, a mixture of metal elements, or a 
plastic impregnated with metal bits or coated with 
metallic paint." 

table 2. Conductivity and permeability relative to 
copper. 

penetration 
permeability loss 

metal conductivity 1150 kHz) dB/mil 

copper 1.00 1 1.29 
aluminum 0.61 1 1 . O l  
brass 0.26 1 0.66 
tin 0.15 1 0.50 
steel (SAE1045) 0.10 1000 12.90 

When the electromagnetic wave impinges upon the 
enclosure surface, it is not completely reflected. 
Although part of the energy is, in fact, reflected, the 
balance of the energy is transmitted through the 
material with the degree of attenuation (absorption) 
depending upon the type of enclosure material, thick- 
ness of the material, and frequency of the electromag- 
netic energy. (If we were to consider the shield as a 
plane of glass through which we are attempting to 
shine a light, perhaps this analogy would clarify the 
concept. The glass will reflect some of the light, de- 
pending upon the angle of the beam, but some will 
also be transmitted to the other side, with the amount 
transmitted dependent upon the thickness and color 
of the glass. In addition, there will be secondary and 
higher orders of reflections from each side of the glass 
plane of lower amplitude, as shown in fig. 8. For prac- 
tical purposes, we may neglect the secondary and 
higher functions since they are mainly applicable to 
magnetic fields, and state that the shielding effective- 
ness is the sum of the reflection and absorption 
losses. ) 

In the selection of a suitable material for shielded 
enclosures, we must know the attenuation required, 
the frequency range of the potential interference, and 
the limits of thickness of the material (10 gauge steel 

PRIMARY 
REFLECTlON 

\ 2 
\ / 
\/ 

ABSORPTION REFLECTION Y 
TRANSMI TTEO 

WAVE 

fig. 8. Reflection and absorption of electromagnetic 
wave. 

'See Vaughn Martin's "EMIIRFI Shielding: New Techniques," ham radio, 
J a n u a r y  and February, 1,984. 
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table 3. Metal thickness required for 60 dB absorption 
loss at 1 MHz. 

metal thickness 

copper 15 mils 
aluminum 20 mils 
brass 25 mils 
tin 35 mils 
steel 1 mil 

table 4. Plane wave reflection loss at 1 MHz. 

metal reflection loss 

copper 108 dB 
aluminum 104 dB 
brass 102 dB 
tin 100 dB 
steel 77 dB 

terns will decrease the attenuation in proportion to the 
hole diameter, depth, and size of the area containing 
the openings. Although the cutoff frequency of the 
openings can be determined from the diameter 

solving for d, we obtain d = 0.000007 inches 

the depth or thickness of the material must be three 
times the diameter of the hole to produce 100 dB 
attenuation. 

Where parts of the shielding enclosure must be 
bolted together, the opportunity for leakage is great. 
For example, with perfectly flush, bare metal contact 
between two pieces of one-half inch, 0.09 inch thick 
aluminum, shielding effectiveness decreases by 25 dB 
when mounting hole spacing is increased from one - 

does not lend itself to easy preparation). Generally inch to five inches. Using woven knitted wire mesh 

speaking, ferrous metals are more effective shields at gasket material in these areas, as well as around con- 

very low frequencies than nonferrous materials; sheet nectors, will maintain the shielding integrity of the en- 

steel has medium effectiveness at these frequencies; closure. As a general rule of thumb, where RF gas- 

nonferrous metals and steel are suitable at higher fre- keting is not used, or the enclosure contains discon- 

quencies. The thickness of the shielding material is a tinuities such as corner bend strain relief openings, 

function of permeability and can be found by: multiple bolt-together sections, openings for switches, 
fuses, etc., the maximum expected attenuation is 

mils 

where A = required attentuation 
f = frequency in Hertz of lowest interfer- 

ing signal 
G = conductivity of shielding material 

chosen compared to copper 
p = the relative permeability of the 

shielding material 

Conductivity and permeability values for various metals 
are given in table 2. Choosing the wrong material may 
require a shield thickness that is impractical. The thick- 
ness required for various metals to provide 60 dB ab- 
sorption attenuation at 1 MHz is shown in table 3. 
For reflection loss, table 4 lists the plane wave atten- 
uation for the same metals at a frequency of 1 MHz. 
A tradeoff of skin thickness versus attenuation re- 
quired can be made in cases where one area of cir- 
cuitry is producing the strongest interference. By in- 
stalling a shield around the offending components on 
the circuit board, the requirements for enclosure 
shielding are lessened. 

Holes in the case for ventilation, connectors, 
switches, etc., will materially decrease the shielding 
effectiveness. The larger the diameter of the hole and 
the higher the frequency, the greater the leakage. Ven- 
tilation openings may be covered with wire mesh, but 

about 30 dB. 
The same type of rationale applies to the use of coax 

cable. Leakage through the braided shield depends on 
the material used, the number of strands used, and 
the spacing or turns per inch. Cable is available with 
various values of shielding effectiveness to 95 percent 
for double shielding. The shielding effectiveness of 
coax cable is only as good as the connectors used at 
each end. A double-shielded cable yielding 95 percent 
effectiveness with 60 dB connectors will not provide 
more than 60 dB attenuation. 

conclusion 
Although we can estimate the required shielding for 

a given attenuation specification, it is impossible to 
forecast the interference level of the circuitry in the de- 
sign stage. Therefore, it is imperative that procedures 
to minimize RFI be implemented at the circuit board 
level to lessen the system shielding requirements. 

Now that Amateurs are more involved in designing 
their own digital circuitry for use with their other sta- 
tion equipment, we must put appropriate EMC proce- 
dures into practice or risk operational degradation to 
the companion units or even loss of use of the com- 
plete station because of RFI. 
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I Ham MasterT- I 

Ham MasterTapes brings the best 
possible personalized Ham Radio 
license preparation right into your own 
living room. If you, a friend or family 
member wants the best help available to 
get past the FCC test hurdle, it's 
available now in Beta or VHS home 
video format. 

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

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

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

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

P 

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

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

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

The 6-hour course is available on three 
2-hour Beta I1 or VHS-SP cartridges for 
$199.95,for individual ,home or nonprofit 
Ham Club use. (High schools or colleges 
must order our Scholastic licensed 
version, $499.95 for Beta or VHS and 
$750 for 3/4" U-matic.) 

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

136 East 31st Street  Ham ~ ~ t e r ~ ~ ~ l  New Y o r k  New York ,0016 
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solving the problems of RFI 
A brief recollection 

of quirks and cures 

Whenever there's an RFI problem with a piece of 
equipment, the instruction manual inevitably suggests 
connecting the equipment to a good ground. This is 
appropriate advice if the equipment is all in the base- 
ment, or at worst, on the first floor. But if your gear 
is spread around the house, obtaining a good ground 
at Amateur Radio frequencies may not be easy. 

While some grounds are more effective than others, 
sometimes it's better not to use a ground at all, but 
to use other m a n s  - such as filters - instead. Those 
of you who've worked in broadcasting, and are famil- 
iar with the sensitive, low-level audio circuits found 
in studios close to the transmitting antenna, know that 
it's a common practice to ground only the shield at 
the input end of the audio circuit and leave the out- 
put end ungrounded. This prevents a ground loop that 
can aggravate a hum problem rather than alleviate it. 

It's a mistake to tie everything to one ground lead. 
The more equipment connected to a ground lead, the 
greater the resulting current flow, creating more prob- 
lems with interference. Better to keep all grounds, 
especially AC and RF grounds, separate. The feed- 
through of RF power to the AC line will be much 
greater from a common junction than the AC line 
would pick up from direct radiation. 

A classic case of RF power being fed through a 
common junction was a commercially built one- 
kilowatt RF amplifier designed for Amateur use. 
Probing around with an RF meter fitted with a figure- 
eight pickup loop showed plenty of RF current flow- 
ing in both the line cord and the house wiring. This 
was rather puzzling because the amplifier has a built- 
in AC line filter of good construction, consisting of suf- 
ficient turns of heavy wire on a half-inch ferrite rod, 
five inches long. 

The amplifier had a built-in power supply with dual 
windings on the power transformer primary so that it 

could be operated from either a 115 volt or 230 volt 
power line. Finally the words, "the neutral (green) wire 
of the line cord should be connected to the chassis 
at all times" caught my attention. 

That phrase gave me the answer - an answer that 
for some reason, escaped the attention of the design 
engineer. The direct connection of the neutral wire to 
the chassis and to the AC ground nullified any filter- 
ing action of the AC line filter. The cure was obvious. 

If the amplifier had been operating on 230 volts, I 
would have had to wind a third coil over the line filter, 
or if that were too difficult, to wind a separate and 
suitable RF choke and connect it between the chassis 
and the neutral lead. Since I was operating the ampli- 
fier from the 115 volt line, all I had to do was to discon- 
nect the neutral (green) lead from the chassis and tape 
it. This reduced the RF current flow in the cord and 
the house wiring to a barely noticeable flicker of the 
needle on the RF meter. 

When bypassing flickering lights, "hot" outlet 
receptacles, transformers, and/or motors, instead of 
following the customary method of connecting a 
capacitor from each side to ground, I connect a 
capacitor across the line and then connect another 
capacitor from the hot side to ground. 

This practice began when I installed a large fluores- 
cent light above my workbench. It gave very good light 
but it also put out a lot of RF "hash," making it im- 
possible to do any signal tracing or alignment work 
with the light on. The fixture had a ballast-type coil 
or transformer in the case and evidently connecting 
the bypass capacitors in the usual manner made the 
capacitors act like a voltage divider. Connecting the 
capacitors the second way cleared up the "hash." 

This brings to mind a home-made power RF ampli- 
fier that was very unstable. Neutralizing it on 10 meters 
made it unstable on 20 or 40. The suggested cure for 
such a condition is to try to achieve a low impedance 
path from the filament to ground by adding capacitors 
in parallel, but doing so only made things worse. The 
cure was to reverse my efforts. 

By John Labaj, WZYW, 12 Park Place, Elsmere, 
New York 12054 
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Instead of loading more and more capacitors on the 
filament lead I removed all capacitors from the filament 
lugs and wired a small RF choke consisting of eight 
turns of No. 14 wire wound on a 2-watt 220-ohm car- 
bon resistor in each filament lead directly at the socket. 
The other end of the choke that was connected to the 
filament transformer was bypassed with just one 0.001 
pF capacitor. 

The deliberate introduction of some negative feed- 
back made the amplifier stable. The neutralization was 
effective on all bands. There was also a marked reduc- 
tion in the amplitude of the harmonics coming out of 
the amplifier. The only change from normal was that 
the amplifier required a little more drive for full output 
on 10 meters. 

When the interference cure you install does not pro- 
vide the expected result, don't assume your idea 
wasn't good; perhaps the item or items you used simp- 
ly failed to do the intended job. This was vividly 
demonstrated to me early in my struggle with tele- 
vision interference when I decided to feed all the televi- 
sion sets in the house through coaxial cable from a 
distribution amplifier. The results did not meet my ex- 
pectations. 

Noticing that some parts varied in performance, I 
made a deal with a helpful local distributor. He allow- 
ed me to charge out every make of every item that 
I'd need to do the job with the understanding that I 
could return for full credit anything I did not use. What 
a revelation! 

Sometimes an item made by a well-known company 
gave very poor or even negative results, while the 
same item made by a lesser known company did a 
much better job. This applied to such items as distribu- 
tion amplifiers, high-pass filters, matching transform- 
ers and AC line filters. So if your first choice doesn't 
work, don't give up; try using the same part, but from 
a different manufacturer. 

In summary, remember that just because the wire 
is connected to earth ground doesn't mean that it's 
an effective ground at all frequencies. Run another 
ground lead even if it seems to be a needless 
duplication. 

Keep AC ground and RF grounds separate. Also, 
if the cure you try doesn't work, don't remove it right 
away. Many times a combination of two or more 
remedies will be effective where the single cure is not. 

It's been my observation that home-made AC line 
filters work better than the commercial variety because 
they can be made to fit the load and space. Low-pass 
filters never worked for me; they seemed to waste 
power, and if you cranked up the power, they went 
up in smoke. Use coax stubs cut for the affected 
channel. 

If matching transformers don't have insulated wind- 
ings, modify them by rewinding. 

ham radio 
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ASTRON 
CORPORATION 

Conodion Distributor 
2852 Walnut Ave., Unit E Eastcom Industries, Ltd. 
Tustin, CA 92680 451 1 Chesswwd ~ r .  
(714) 832-7770 Downsview, Ontario, C o d a  M3J 2V6 

(41 6) 638-7995 

ASTRON POWER SUPPLIES 
HEAW DUTY HIGH OUAUTY RUGGED REUABLE 

RS a d  VS SERIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC * 0.05 vdts 
from excessive current & continuous shorted output. (Internally Adjustable: 11-15 VDC) 

'CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 
except RS-4A. 8 low line) 
MAINTAIN REGULATION b LOW RIPPLE at law line 
input Voitage. 
HEAW DUN HEAT SINK CHASSIS MOUNT FUSE 

INSIDE V I E W  - R S 1 2 A  

Continuous IQ* Size (IN) Shipping 
Model Duty (AMPS) (AMPS) HXWXD Wt. (Ibs.) 

RM-35A 2 5 35 5'4 . 19 12'2 38 

RM-50A 37 50 5'. . 19 .  12'2 50 

THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

I 

M O D E L  RS-SOA 

RM-A Series 

MODEL RM-35A I 

MOOEL RS-SOM 
--  I MODEL VS-50M 

19" X 5 'A RACK MOUNT POWER SUPPLIES 

M O D E L  RS-7A 

1 

RS-M SERIES 

RS-A SERIES 

M O D E L  R S 3 5 M  

VS-M SERIES 

Conttnuws ICS' Slze (IN) Shlpplng 
MODEL DU~V (Amps) (Amps) H x W X O  Wt (lbs) 
RS-4A 3 4 3% x 6'/2 x 9 5 
RS- 7A 5 7 3 %  x 6'/2 x 9 9 
RS-78 5 7 4 . 7 ' 1  . 10'4 10 
RS-IOA 7.5 10 4 x 7 % x 1 0 %  11 
RS-12A 9 12 4 % ~ 8 ~ 9  13 
RS-2OA 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35A 25 35 5 x 1 1  x11' 27 
RS-50A 3 7 50 6 x  13% x 11 46 

Switchable volt and Amp meter 

Conttnuous ICS' Slzs (IN) Shlpplng 
MODEL Dutv (Amps) (Amps) H x W x D  Wt (Ibs) 
AS-12M 9 12 4 ' / z x 8 ~ 9  13 
RS-2OM 16 20 5 x  9 x  10% 18 
RS-35M 25 35 5 x 1 1  x11  27 
RS-50M 3 7 50 6 x  13% x 11 46 

I Sewrate Volt and Amp Meters 
Out~u t  Vollaoe adiustable from 2- 15 volts 

M O D E L  RS-IPS 1 

M O D E L  VS-2OM 

RS-S SERIES 

M o r e  Deta i ls? C H E C K - O F F  P a g e  150 

~ u r i e n t  limit idjusiable from 1.5 amps to Full Load 
Continuous Duty ICS' 

( A ~ P S )  (Amps) Slze (IN) Shlpplng 
MODEL apr~.mcatmapna: @13.8V H x W x D  Wt (Ibs) 
VS-ZOM 16 9 4 20 5 ~ 9 ~ 1 0 %  20 
VS-35M 25 15 7 35 5 x  11 x 11 29 
VS-50M 37 22 10 50 6 x 13% x 11 4 6 

Built ~n speaker 

Contlnous ICS' S128 (IN) Shipping 
MODEL DutV (Amps) Amps H x W x O  Wt (Ibr) 
RS-7s 5 7 4 x 7% x 10% 10 
RS.1OS 7.5 10 4 x 7% x 10% 12 
RS-10LIFor LTRI 7.5 10 4 . 9 . 1 3  13 
RS-12s 9 12 4X x 8 x 9 13 
RS-20s 16 20 5 x 9 x 10% 18 
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RF TRANSISTORS, MICROWAVE DIODES ' 
W E  PRICE W E  PRICE WE: - - - -. PRICE TYPE PRICE - - 
2N1561 $ 25.00 2x1678 $ 2.00 MI134 $ 16.90 MSC1821-3 $125.00 
2N1562 25.00 2SC1729 20.00 W579 7.95 USC1821-10 225.00 
2N1692 25.00 2x1760 1 .50  M9588 7.50 MSC2001 40.00 
2N2957 1.55 2SC1909 4.00 M9622 7.95 MSC2223-10 200.00 
2N2857JPNTX 4.10 2X1946 36.00 M 2 3  9.95 MSC3000 50.00 
2N2857JANTXV 4.10 2SC1946A 40.00 M9624 11.95 hlSC3001 50.00 
2N2876 13.50 2SC1970 2.50 M9625 17.95 MSC73001 50.00 
2N2947 18.35 2x1974 4.00 M9630 18.00 EX282001 40.00 
2 ~ 2 9 4 8  13.00 2SC2166 5.50 M9740 29.90 MSC82014 40.00 
2N2949 15.50 25C2237 32.00 W741 29.90 MSC82020 40.00 
2N3375 17.10 2SC2695 47.00 m755 19.50 MSC82030 40.00 
2N3553 1.55 A5&12 25.00 M9848 37.00 MSC83001 50.00 
2N3632 15.50 A209 10.00 ME50 16.90 hHB3005 100. 00 
2N3733 11.00 A283 5.00 M9851 20.00 hW4150 14.40 
2N3818 5.00 A2838 6.00 M9887 5.25 m 1 2 6  WR 
2N3866: 1.30 AF102 2.50 MEL80091 25.00 MT559612N5596 99.00 
2N386GJAN 2.20 AFYU 2.50 MM1550 10.00 W5768JZN5768 95. 00 
2N3Y24 3.35 Bn72A 2.50 W 5 5 2  50.00 ~1x762 mR 
2N3927 17.25 Drm21 2.50 MM1553 50.00 NEU2136 2.50 
2N3950 25 00 DFIWO 1.00 M 6 1 4  10.00 NE13783 POR 
2N4012 11.00 BFRS1 1.65 MM1943/2N4072 1.80 NE21889 FQR 
2N4M1 14.00 Em99 2.50 W 6 0 8  5.00 NE57835 5.70 
2N4072 1.80 BFT12 2.50 W3375A 17.10 NE73436 2.50 
2N4080 4.53 m 1 6 A  2.50 M 4 2 9  10.00 - lRW 
2N4127 21.00 BFW17 2.50 W8(K)O 1 .15  ~ ~ ~ 3 6 3 7  mR 
2N4427 1.30 BFW92 1.50 MM8006 2.30 PI3190 FOR 
2N4428 1.85 BFX44 2.50 MM8011 25.00 ~ ~ 3 1 9 4  POR 
2N4430 11.80 BFX48 2.50 MPFl02 .45 PI3195 FOR 
2N4957 3.45 BFX65 2.50 WSI131 1 .01  PI3537 7.80 
2N4959 2.30 WX&3 2.50 MRA2023-1.5 42.50 PT4 166E FQR 
2N5090 13.80 EX85 2.50 W 2 0 8  16.10 Pr4176D mR 
2N5108 3.45 BD(86 2.50 MRF212 16.10 ~ 7 ~ 4  1 8 6 ~  FQR 
2N5109 1.70 BFX89 1.00 W 2 2 3  13.25 PT4209 FQR 
2N5160 3.45 BFY11 2.50 MRF2'24 15.50 PT4209C/5645 POR 
2N5177 21.62 W 1 8  2.50 MRF231 10.92 FT4556 24.60 
245179 1.04 BEY19 2.50 MRE232 12.07 PT4570 7.50 
2N5216 56.00 L1FY3Y 2.50 MRF233 12.65 PT4577 RX 
2N5583 3.45 BFY90 1.00 MRF237 3.15 PT4590 KB 
2N558Y 9.77 BLX67 15.24 MRF2 38 13.80 PT4612 KB 
2N55t)(l 10.Y2 DW(68C3 15.24 MRF-239 17.25 IT4628 FOR 
2N5591 13.80 BLXS3C3 22.21 MREMRE245 35.65 FT4640 FOR 
2N5637 15.50 Bl,Y87A 8.94 MRF247 35.65 PT4642 mR 
2N564 1 U . 4 2  ULYSXCS 13.08 MRF3o.I 43.45 -32 4.70 
2N5642 14.03 BLY94C 21.30 W 3 0 9  33.81 m5749 FOR 
LV564:l 15.50 ULY351 10.00 MRF'314 28.52 PI'6629 WR 
2N5645 13.8O BLYSG8CjCF 30.00 MRF315 28.86 mi709 F'CR 
2N5ii46 20.70 M58-617 25.00 W 3 1 6  FOR ~ ~ 7 2 0  PCB 
2N565 1 11.05 (2005 ,., 20.00 hRI-:317 63.94 ~ ~ 3 5 1 0  POR 
2N%91 18.00 CI)1899 20.00 MRF.120 20.00 m 5 2 4  mR 
2N5764 27 . 00 CIE188 18.00 bW421 36.80 PT8fi09 FQR 
2N583Ci 3.45 CW2M5 25.00 MRF;122A 41.40 1 ~ 3 3 3 3  POR 
2N5M2jMMlii07 8.45 LlT3035 103.00 W 4 2 7  17.25 m 3 9  FOR 
2N58.19 20.00 ~ e x c r . ~  FI;T MRF428 46.00 m 5 9  FOR -- 
2N5913 3.25 DXI350lA-PlWF 49.30 MRF.133 12.07 PI8679 FOR 
2N591Ci :16.00 hJ1tsu GaAs FE;T MRF.149/A 12.65 ~ ~ 7 0 8  POI3 
2N5922 10. 00 FSX52WT 58.00 MRF,150/A 14.37 ~ ~ 3 7 0 9  WR 
2N59'23 25.00 ChK1290A 2.50 MW%53/A 18.40 m ~ 7 2 7  29.00 
2N594 1 23.00 HEW6 4.95 MRF454/A 20.12 ~ 7 3 1  FOR 
2N5942 ,lo. (Xi WS3002 11.40 MRF455/A 16.00 ~ ~ 3 7 4 2  19.10 
P.T~LM.1 10.35 WS3003 30.00 W 4 5 8  20.70 m 7 8 7  FOR 
2N5M5 11.50 HEPS.7005 10.00 MRF163 25.00 IT9783 16.50 
2N584ij 14 . ?O HEPS30CE 19.90 W 4  72 1.00 m 7 E 4  32.70 
2I\i60811 10.35 WS3007 25.00 MRF475 3.10 !a9790 56.00 
2N6081 12. !I7 HhPS3010 11.34 W g 7 6  2.00 mT31962 mR 
2NfiOXP 12. (55 Hewlett I'ackard W 4 7 7  14.95 ~ ~ 3 1 9 6 3  mR -- 
ZN(iO8:j 1:1.25 1 ~ 1 x 2 2 ~  112.00 MRF492 23.00 m 1 0 8 3  FQR 
2NGOtM 15.1X) 358211: 38.00 MRF502 1.04 PIX6680 FOR 
2N6OI-M 11.00 35826B 32.00 MRF503 6.00 RCA 
2N60115 I2 .00 :35826k: 32.00 ! W 5 0 4  7.00 m 8 l  5.00 
2NBOXj 16.10 3583lk-H31 30.00 MRF509 5.00 40279 10.00 
2N(iWJ7 20.70 35831E 30.00 W 5 1 1  10.69 40280 4.62 
2N6 105 21.00 35832t 50.00 W 5 1 5  2.00 40281 10.00 
2Nlil:Ui 21.85 35833L 50.00 W 5 1 7  2.00 40282 20.00 
2Ntil6ii 40.24 358536 71.50 MRF559 2.05 40290 2 .80  
WliZO1 ,:(I. 00 358511I: 75.00 MRF605 20.00 40292 13.05 
2Nii:jlhl 1.50 35866E n . 0 0  MRFB18 25.00 40294 2.50 
2NC.iiil3') 1X.00 1 m ~ ~ 1 0 1  7.00 m ~ t j 2 8  8 .65  40341 21.00 
2NfiYi7 10. iXj lDCIR310'2 8.75 W 2 9  3.45 40608 2.48 
2N6CiX~J 80. (KJ HXR5101 30.00 W 4  27.60 40894 1.00 
2X'70:i :i. 00 IWIWlOi 68.00 btRFE46 29.90 40977 10.00 
2.X'7iAji\ 7.50 t c m ~ 1 0 5  31.00 MRFB 16 15.03 62800A 60.00 
ZS('781 2.80 HXTFtfjl06: 33.00 MRF823 20. 00 RE3754 25.00 
2X:IOlX 1.00 5310 . 70 MRFS01 ( 3 )  b a d  1.00 RE3789 25.00 
Z.X'I(M2 12. (HI - 'JRW hlW901 ( 4 )  b a d  2.00 RFll0 25.00 
2 s  1070 2 .50  .JU2C<lO 10.00 hIRFso.1 2.30 S50-12 25.00 
2X3('12313 2 .30  JULOOl 25.00 MRFY11 3.00 S3006 5.00 
ZS('1231 12.00 .I(MiH5 25.00 hRE6l 2.30 53031 5.00 
2X'l:i[Xi %.If0 hk~ ton , l a  (im. hRF8001 2.10 =A3522 5.00 -- 
2.%'1:3117 ,-). 50 MI131 8.50 MS261F m~ SCA3523 5.00 
2.Xl.l%,l 2 .  XO hl11X2 11.95 hlSC1720-12 225.00 PRICE ON PJQJEI = FOR 

Toll Free Numbr ,,AII parts may be new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus,  and par ts  may be 
substituted with comparable parts 

(For orders only) ~f we are out of stock of an Item " 

For information call: (602) 242.3037 
gM ';ylz elect rogca 

1 
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L:L?'J,XL nu.r \y  S W I  ' 1 g n s w n :  
E l e c t r o n i c  S p e c i a l t y  Co./Ravcn E l e c t r o n i c s  FSN 5985-556-9683 $49.00 
P a r t  (1 25N28 P a r t  I1 SU-01 
26Vdc Type N Connector ,  DC t GHz. 

Amphenol FXR FXR 
P a r t  1 316-10102-8 P a r t  i/ 300-11182 P a r t  # 300-11173 
115Vac Type BNC DC t o  3 CHz. l20Vac Type BNC DC t o  4 CHz. l2OVac Type BNC Same 

FSN 5985-543-1225 FSN 5985-543-1850 

BNC To Banana Plug Coax Cable  RC-58 36 inch o r  BNC t o  N Coax Cable  RG-58 36 inch. 

$7.99 o r  2 For $13.99 o r  10 For $50.00 $8.99 o r  2 For $15.99 o r  10 For $60.00 

SOLID STATE RELAYS 

P&B Model ECTlDB72 5vdc tu rn  on 120vac c o n t a c t  a t  7amps o r  20amps on a 
10"x IO"x . I24  aluminum. l i ea t s ink  with  

PRICE EACH $5.00 s i l i c o n  g rease .  

D i g i s i g ,  Inc. Model ECS-215 5vdc tu rn  on 240vac con tac t  14amps o r  40amps on a 
10"x lO"x . I 2 4  aluminum. Heats ink wi th  

PRICE EACH $7.50 s i l i c o n  g rease .  

CrigsbyIBarton Model GB7400 5vdc tu rn  on 240vac c o n t a c t  a t  15amps o r  40amps on a 
1O"x 1O"x . I24  aluminum. Heats ink wi th  

I'KICE EACH $7.50 s i l i c o n  g rease .  

NOTE: *** Items may be s u b s t i t u t e r i  w i th  o t h e r  brands o r  e q u i v a l e n t  model numbers. *** 
For information call: (602) 242-3037 

"All  parts may be new or 
surplus. and parts may be Toll Free Number 
substttuted w~th comparable parts 
11 we are out ol stock of an Itern " 800.528.01 80 

(For ordem only) 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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HEWLETT PACKARD SIGNAL GENERATORS 
b06A 5 0 ~ ~ 2  t o  65MHz i n  6 bands * - l~ ,Outout  leve l  Od~uStODle 9 . 1 ~ ~  b168 Some os above but la ter  rmdel. I t,r~o ilb 

t o  3V I n to  50 o tms.Bul l t - In  c r ys ta l  co l lb ra tor .400 -1000Hz 
m d u l ~ t l o n .  1650.00 6188 3 .8 t07 .6GHzrange .w l thca l l b ra tedou t~u tondse lec t l ono f  

oulse-Ffl or sauare wove mdu lo t l on .  I 600.00 
6068 S m  as above but ncs freawncy cont ro l  feature t o  al low 

ooerotlon wl th  HP 8708A Svnchronlzer. 11100.00 618C S m o s a b o v e b u t l o t e r n c d e l .  12.100.00 

608C IORHZ to  ~~O~HZ,O- IUV- IV  l n to  50 ahms,All,CY,or pulse mod- 
s 500.00 

620A 7 t o  llGHz ronge.wl t h  ca l  lb ro ted outout ond selection of 
u lo t lan.  CollbrOted attenuator. ~ ~ I s e - F f l  o r  souare wave mdu lo t  Ion. 1 750.00 

608D/ I m n z  t o  420flH2, 0.luV-0.5V I n t o  50 ohms.+-0.5% occuroc~.  6208 S a e a s o b a v e b u t l a t e r m d e l .  s2200.00 
TS5iO bul I t - I n  c r ys ta l  ca l lb ro tor .  AM-CY o r  pulse o u t ~ u t .  1 375.00 

6264 10 t o  15GHz,lan* outout power u l  rh  ca l  lb ra ted outout and 
,4200,00 608E lmoroved verslon o f  ~ o ~ u l o r  60eC.U~ to  1V outout. lmoroved pulse-sauore wove o r  FM mdu la t l on .  

~ t a b l l l t y ~ l o w  reslduol Ffi. S1450.00 
8708A Synchrmlzer used wI th  6068.608F .The synchronlzer l s o 

boar ~ M H Z  t o  455flHZ I n  5 Wnds +-1. freauencv occurac wl th  ohase-lock freauencv s tob l l l ze r  whlch orovldes cr  s t a l -  
built-In c rys ta l  c a ~ ~ b r a t o r . c o n  be used wi th  HP 8!08A osc i  I l a to r  freauenc stab1 I I t v  t o  430fi~z I n  the 6 8 8 ~  s~ no1 
SynchrOnlZer. outout contlnuouslv odlustable f r m  .IUV t o  generator.Phase ~ o c Z ~ n g  el lmlnates mlcrophonlcs and d r l ? ~  
..,V I n t o  50 oluns. s1100.00 resulting I n  excel lent freauency StODllltY.lhC! 8 7 0 8 ~  Includes 

o vernier whlch con tune the reference o s ~ l l l a t o r  uver o ranoe 
612A 450-123OR~z ,0 .1uv-0.5~ I n to  50 ohrns,callbrated o u t ~ u t .  1 750.00 of +-0.25% oerml t t lng freauencv s e t t a b l l l t ~  t o  2 ~ o r t s  l n  10 

t o  the seventll.Provldes a verv s tab le  s lsno l  tho1 so t l s f l es  
614A 9W-2100Rnz w l t h  mony features lncludlng calibrated outout mny  c r l t l c a l  a001 lcat lons.  

and a l l  mdu lo t l on  charocter ls t lcs .  I 500.00 l w l t h H P 6 0 6 B o r b 0 8 F l  : ~ ~ ~ : ~ ~  
IWlthOut) 

616A1 Dl rect  reodlna and d l r ec t  cont ro l  f ran 1.8 t o  4.2GHz. The 
75403 H.P.616A features *-1.568 co l lb ra ted o u t ~ u t  occurocv f r m  EMC-10 ELECTROnETRlCS ERC-10 RFIIERI RECEIVER 

-3127dm to  -dRm.The outout I s  d l r e c t l v  ca l lb ro ted I n  rnlcro- LOW frecluency onalvzer coverlng 20Hz t o  5OKHz freouencv 
v o l t s  ond d m  wl th  continuous m n l t o r l n  S l w l e  ooerotlon ronge.Extendoble t o  500 KHz I n  wldeband mode. 12500.00 
f reawncy d lod accurucy 1s '-1% and s ta%i  I 1 tv  exceeds 0.0051- 
/ c change i n  Wlblent t m e r o t u r e .  Col lbrated ottenuotor I S  NF-105F E m ~ l r e  Devlces F l e l d  l n t ens l t  k t e r .  
w l t h l r ~  t - l . 5dB  over e n t i r e  outout bond. 50 ohn lmoedance u n l t  Has ~ F - ~ ~ ~ / T A . N F - ~ ~ ~ / T X , N F - ~ ~ ! / T ~ , N F - ~ ~ ~ / T ~ , N F - ~ O ~ / I ~ .  
has In terna l  pulse modulotlon wl th   re^ r a te  vor lab le  f r m  40 Covers l4Knz t o  1000RHz. 12100.00 
HZ  t o  4KHz.varloble oulsewldth(1 t o  IOusecIand var lob le  o ~ l l s e  
dela 13 t o  J00useil.Externol mdu lo t l l i ?  Inouts lricreos ver- 
s o t ~ ~ l t y .  1 375.00 ALL EQUIPRENT CARRY A 30 DAY GUARANTEE. 

EOUIPRNT IS HOT CALIBRATED. 

TEW: DmEsrn ~ p l ~  C.O.O. m ~ 1  ~ r d  
FOREK(N. a l y .  u.9 Funb. ~ a r r  abr. w Crw. a*cll bhl 

c0.0.. mw.cu 4 I- or ma11 P.- I- cut- *III b 4 a n .  ~ a y  OQ. or C ~ W S  arcl W. .n - 
M n ~ a n r m  .ccW -1 CMI 101 C 0 0 'a C 0.0'. am e l m  4 .I, ml* ud thru Um1.d P a w l  M 

u m n ~ ~ ~ H n ~ u m ~ ~ t h . t m n ( ~  orb.mb-.ttn.1-010l)~1~.~1pumn- 
poltcy n c n s i l m t a  a cmtrrmep -. wu M * ' F I R U I ~ W  m M w  m m om, 11 wmwm a w r z t .  swmm. os- 
C U ~  om IO .n wda rtlocn I. rm p r w . r ~ y  -*ad. t m  cwt- rlll ba w mpm~b* fw an" c ~ c p n  oncum LO. 15% 
rwlail <h.,p. m Ih r.,ur*d W S  

cnron c m m  we am W M I ~  Y*JTERCIRD. vtsh ANO AMERK~~~N DIPRE= 

D A r A m E n s : ~ r ~ d . I a s M ~ l n ~ I ~ m M c r * . r l l I w D p h ~ * I l h M . a * r  

LKFECTM YAIEIIIUI: AII C I ~ -  tor m.~lwm m a n  -I a ma mnln XI MYS mr m m p  d mm mm( MI clam 
mlna 1 - 1 ~  t h .  ~ I ~ C I I ~  M ~ . I  OW I ~ I ~ W  - d O ~ V  I&-. am a W.(M mummz.t~m ~ m b r  mrh MI m 

Urn  IABMU\TORIES THS-2 FLMIC(M HYDW. mtaam pla to snfpnp t n  mrchend~w br* to u. h a  can ba m a l n d  4 ca~tnp mz1z4za~ w -4np ua. ~ t u m  
Dus 10 ~ n n d r t u t r <  warrnntba. a am urum to 141- ~r IS.U cmdlt on (dm* rhtch haw b a n  s m a l  to or lua bmn 

heOjSetS cm th to hpk LD lm r(XIIM OW OtlPr eOUICnB7t. 
.IIC,M rn .nl wmy AII mtwn ~ ~ m s  muel ba wckad pomlva 11 WSII w d  a11 *.rr.ntf.s wsm no1 .nsums rsrpnr~b~tnl la rh,, 
P"" .rw h.rxllsq c h a r m  ,rru,,ed 

Perfect f o r  A lmlo les  . Hel lcwters  . F M l l e  Wlffi , or JUST the Telechne. 
MUVERY a d e r a  era UI-II, .mop4 ~h d.y mn .n ~ u l l l o r  th. mt WID.' day, wu. II .m M 01 otmk on .n 
(!am lha c u w m m  WII ba r n v l o . d  4 u r d  11 m a n  polw lo  bmzkwcw m II*~ Our -1 an1 
..I, oe-on a atla OT Ihs WOI*~ ol t m  w2k.p. ,sat Equl(mene is 8hlpc.d rnly 4 mtr and Is%%FoEm~EPS 

These Are Foctorv New I n  SeolW Boxes. Llml ted S m l v  Cnlv SY. 95 .rraqv,nenmRar.~ssn muls and am- 

FORElaN ORDEW). All loreign ads ta  must b mid wllha C..nlr 'n -. or son nud. ou( In US FUNDS ONLY 
wa into rony tlul C O  0 8s not .rmilab!e la Iw*gn uun1fi.s ud  ella an o( cradit am uru-pl&e a. la 01 m-I Funh 
InlDm,a,l"<~ I3 ar.ll.l,* on reqmt 

HOURS M-y thuu F ~ U Y  8 m m. to sm 0.m 8.1ud.m em am ID d m  pm 

INSUAIWCC PWU Inclu* 2% for M r m l ~ r u l  slmm o w  tlmm. vps ONLY All l m d  pCL- Y. e l m  thru UP8 
only II rou rlsn to h s r  a h l m  ~hrm $ha p a t  ollic. them I.. I- mlcn I. WII-I t o t n  .himnp. h.ndllw am I* 
IYr.ma 

O P € N L C E O U * I I : W ~ l ~ 1 n m ~ l u u o p n ~ S  

OOMR FOmll: NI 016M lm am I m l d  4 t h  u s h  - lor )lar Mlhl OdW I-. am a n l U l l  m 
14-I 

PARTS: We r e a m  the doh1 to suballlute a replace any Item wlth a pan of equal a c m w n b l e  
specltlcatlon. 

POSTME: Mlnlmum shlppln and handllng In the U.S.. Canada. and MalcoIsU.00 fWprOund ship 
menls all other cwntrles Is 8550. Air ralea are available at the Ilme of your order All lorelon orders 
please' include 25% of the ordered amount for shipping and handling C.0 D's are shipped AIR 
ONLY 

PREPAID ORDER8: Or&a muat be . c c a p a n l d  by a check. 
/ 

PRICES: R l c n  arm subjat to c h a m  wllhoul nolkx. 

PURCHASE ORDERS: We -1 purchase orclers only wtmn they are acromwnled by a check. 

I 
RESTOCK CHARGES: If pans are returnad l o  MHZ ELECTRONICS INC. due to customn smw the 
customer wlll be held reaponslble lor all fees Incurred and wbli be char* s 15% REST~CK ' 
CHARGE wlth the remainder In CREDIT ONLY. The lollowlng must accmpany any return: A copy of 
our I~YOICB return authwlzetlon number whlch must be oblalned rlor to shlpplng the merchandise 
back ~e lu i ns  must be done within 10 DAYS 01 recelpl 01 parcel ielurn aulhorlzsllon numbers can 
be oblalned by calling (602) 2428916 or nolllying us by post car0 Return aulhorlzallons will not be 
glven out on our 800 number 

SALES TAX: ARIZONA resldents must add 6% sale8 tax unleas a sl ned ARIZONA r m l e  tax Card 
Is current1 on llle wlth us. All orders placed by persondouts~de of BRIZONA, but delivered lo  wr- 
sons I" A ~ Z O N A  are sub(act to theBQ/. sales tsx 

SHORTAGE OR DAMAGE: All clalms for sharlages or damages must be made wlthln 5 DAYS of 
receipt 01 parcel. Claims musl Include a copy of our involce alonQ wllh a return aulhorlzallon 
number which can be obralned by contacllng us at 24289kl or sendln a post card. Authoilza- 
110"s cannot be m our 800 number. All llems must be properly packed I~ l l ems  are no1 properly 
acked make sure lo  conlact the carrler so lhat they can come wl and Inspect the packam belore 
I IS r ~ l ~ r n e d  lo  ~s.CusIomers whlch do not nollfy us wllhln lhls Ilme period wlll beheld responsible P 
lor the enllre order as we wlll conslder the order complete. 

OUR 800 NUMBER IS STRICTLY FOR ORDERS ONLY (800) 5280180. INFORMATION CAUS ARE 
TAKEN ON (6021 2428916 or (BOZl242.3037. 

=A 
Toll F m  Numbor 

"A l l  p a r t s  m a y  b e  n e w  o r  
s u r p l u s ,  a n d  p a r t s  m a y  b e  

800-528-0180 
substi tuted w ~ t h  comparable parts (For orders only) 

2111 W. CAMELBACK ROAD If we are out  o f  stock o f  a n  Item." For information call: (602) 242-3037 
PHOENIX, ARIZONA 85015 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
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Chances are you have spent a couple . thousand dollars on setting up a comput- 
er system that gets a lot of your work 
done. But sometimes it gets to be work 

I know that when I have to move two pro- 
gram manuals and a pencil holder to boot 
up the disk drive, it is work. When there 
is an unlabeled floppy (that I am going to 
identify some day) on top of the monitor 
and the business check- 
book is on top of the printer 
. . . and I will remember (I 
hope) before the next "re- 
port" comes through . . . 

MICRO-OFFICE 
WORK CENTER 

I found the annoyance of my own "com- biggest and best surprise is the low, low price plus shipping charges if you return 
puter clutter" was even worse than the prlce for such good quality. the workcenter within 30 days for any rea- 
extra work the disorder created. And that Here is what you get-all for only$249,50 son whatsoever. In addition, the product 
1s when I started looking for some practi- plus shipping. is warrantled for any defects in materials 
cal furniture for my computer set up. Since Mar-resistant work surface, Your choice or con~truction for a full year from date of 
I had already spent a lot of money on the 

of oak or walnut grained. Work surface purchase. This is a no-risk investment in 
system itself, I was really dismayed when height is adjustable to your keyboard, your your own productivity and work eff iclency 
I found out how much it would cost to get chair, your height, that will pay off for years to come-even 

if you do not yet have a microcomputer of a desk Or even a data table 
Two shelves plus work surface exten- your for my equipment. $400. . . $500 . . . even 

more for a sleasy unit that looked like junk! der. Both shelves tilt to lock in position so 

In fact, it was junk! And it took a long t ~ m e  that monitor faces you-ln a position that Take your choice for your own work 

for me to find something that was really does away with screen glare squinting and center decor: 

worth the money. . . and more. 
neck craning forever. Retainer bar keeps Order &inch unit in walnut, #2KPO-945, 
equipment from sliding off shelf. Snap-ln or in oak, #2~po-g47. Only $249.50 for A lot of my working day is spent with my bookends hold reference manuals and each unit plus $20.00 shipplng charge. computer, and I will bet a lot of your time programs, 

is too. So I figure a "home" for my sys- On orders for two or more unlts at the 

tem-a houslng that is good looking as Strong, sturdy and steady. All-steel same time, shipp~ng charge applies to only 

well as efficient to work at-will pay off welded frame construction is concealed the first unit ordered. Shipment made 

two ways: by top-quality wood grain surfaces with UPS, so we cannot ship to post off~ce 
finished trim. Adlustable floor levelers in- box. Illinois residents please add $15 per 

Less an efficient and orderly lay- cluded. The work center is really a piece unit sales tax. Please allow 10 extra days 
out will save me time and energy. of f~ne furniture. for personal checks to clear. Sorry-at 

2. Personal satisfaction: good quality fur- . There is no risk in buying from us either. these special offer prices We cannot ship 
nishings look better; they lust plain feel we will make a full refund of purchase c.0.d. Or bill direct. 
better to work at too. 

So imagine how good I felt to find the CALL TOLL FREE TODAY WHILE SUPPLIES LAST: 1-8001323-8064. 
"Micro-Office" Work Center! These are In Illinois call 1-312/251-5699. Or mail check with order to: 
fine pieces of computer system furniture 
that make my office-at-home as pleasant 
a place to work as ~t ought to be. And the 

Micro-Mart Distributors 
Dept. HR 1131 Central Street Wilmette, lL 60091 

More Details? CHECK -OFF Page 150 September 1984 133 



/book and product\ 

REVIEWS 
Computer Programs for 
Amateur Radio 
by Wayne Overbeck, NGNB, 
and James Steffan, KCGA 

Amateur Radio is an "information intensive" 
avocation. Detailed and accurate records are im- 
perative if you're working toward WAS, DXCC, 
or VUCC awards. Contesting, too, requires that 
accurate original and "dupe" logs be kept. And 
if you're a DXer, you also want to know such 
things as beam headings, distances to DX 
stations, sunrise and sunset times for grayline 
propagation, and much more. All this data can 
be stored in a home computer and retrieved with 
ease. But many hams use their home computers 
for nothing more than video games, RTTY, and 
Morse code applications because they don't 
have the programming skills to do more. No 
wonder - until now, there haven't been many 
programs available for Amateur Radio applica- 
tions. Those that were available were usually 
written for just one machine and couldn't be 
used with others without extensive revision. 

The authors of Computer Programs for 
Amateur Radio - who have over 50 years of 
Amateur Radio experience in all phases of ofma- 
tion, from contesting to electronic design - 
were aware of this phenomenon and set about 
the task of writing progams for just about every 
aspect of radio operation. The programs will 
work with most popular home computers. 

Chapter One glves the reader an overview of 
the prdarams contained in the book. Programs 

stakes Logger. Log Print, Antenna Scaler, 
Antenna Evaluator, Phased Vertical Pattern 
Plotter, EME System Analyzer, Moontracker, 
and Skylocator. 

Now that you know what you're going to get, 
are you ready to use it all? Anticipating that 
readers would need additional help, the authors 
devoted Chapters Two and Three to a discussion 
of microcomputers in general, including their 
evolution and associated hardware. Chapter Four 
provides an overview of some of the problems 
often encountered; it's not meant to discourage, 
but rather to prepare the user for the potential 
problems that can and will occur. Chapter Five 
is a rather complete discussion of BASIC (Begin- 
ners All-purpose Symbolic Instruction Code) in- 
cluded for the purpose of providing a solid 
grounding in the most frequently used computer 
language. While BASIC is slower than assembly 
language, it is quite flexible and easy to write 
and revise. To illustrate how BASIC is used. the 
authors use a "Mini Logger" program as an ex- 
ample. A flow chart and full step-by-step descrip- 
tion of the program assist the reader in learning 
the program. 

The rest of the book, Chapters Six through 
Ten, are devoted specific programs. Each pro- 
gram is fully discussed, documented, and 
presented with hints to help the reader obtain 
maximum use of each. 

The authors have gone to great lengths to pro- 
vide all the information necessary to help readers 
get the most out of their home computers. 
Beginners and experts alike will find this book 
full of helpful information. 

Computer Programs for Amateur Radio is 
available from Ham Radio's Bookstore, Green- 
ville, New Hampshire 03048, for $16.95 plus 
$2.50 shipping and handling. 

Circle 1301 Reader Service Card. 

NlACH 

were selected according to two basic criteria: 
first, that they be useful in the hamshack and 
fully tested, and second, that they be compati- 
ble with the most popular brands of home com- 
puters. They can be used with the Apple II, IBM 
PC, TRS-80, Commodore C-64, and any other 
CP/M and Microsoft BASIC unit. Owners of the 
VIC-20 and Timex/Sinclair or Sinclair units will 
find that a number of the programs will also run 
on their machines. 

You'll need at least 48K of memory and a disk 
drive. A printer is optional but highly recom- 
mended. Chapter One also provides a listing and 
explanation for each program in the book. 
Programs include Logbook. Radio Awards Data 
Base, Grid Locator, Worldwide "Catalog File," 
Sunrise Chart, Sunrise Calculator, Grayline, 
Beamheading Chart, DX Display, DX Checker, 
Dupe Checker, Dupe Print, Contest Logger, 
Generalized Logger, Field Day Logger. Sweep- 
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Clandestine Confidential 
A new book published by Universal Electron- 

ics, Inc., covers the world of clandestine broad- 

casting yesterday and today. Subject areas cov- 
ered include clandestine DX'ing, the history of 
clandestines, a listing of 30 active countries with 
their frequencies, discussion of where new clan- 
destines may surface in the future, and clandes- 
tine OSLing. A list of clandestine station ad- 
dresseh is also provided. 

The retail price of Clandestine Confidential is 
$8.95 plus $1.75 shipping and handling in the 
U.S. and Canada. 

For further information, contact Universal 
Electronics, Inc., 4555 Groves Road, Suite 3, 
Columbus, Ohio 43232. 

Circle #3Zl on Reader Service Card. 

ATV repeater transmitter 
A new 40-watt PEP ATV repeater transmitter 

is available from P.C. Electronics. The 7 x 

19-inch rack panel RTX-4 transmitter comes 
crystalled for the normal ATV repeater output 
frequency of 421.25 MHz, but can be ordered 
for any other frequency in the 70 cm Amateur 
band between 420 and 440 MHz for transmitting 
weather watch or other emergency service 
bulletins, NASA space shuttle video, or even 
beacon and base station use. 

The transmitter accepts the normal 1-volt 
composite video, either color or black and white, 
and mike or line audio. Besides the video out- 
put from a color TVImonitor normally used in 
the repeater application, any device with a com- 
posite video output, such as a camera. VCR, 
computer, TVRO, etc., can simply be plugged 
into the front panel jacks and transmitted. 

The RTX-4 contains the VOR (video operated 
relay) module, which keys the transmitter on 
only when a video signal containing the normal 
horizontal sync frequency around 15.75 kHz is 
sensed at its video input. This prevents false 
keying from military radars, commercial radio 
positioning, and other Amateur modes that may 
be sharing the repeater input frequency range. 

Power requirements are a regulated 13.8 VDC 
at 8 amperes and 120 VAC at 0.1 ampere for 
operation. Notes on how to successfully assem- 
ble a complete basic ATV repeater system for 
under $2000 and the technical considerations 
unique to ATV are included. 

For more information on this ATV transmit- 
ter and other ATV products, contact P.C. Elec- 
tronics, 2522 S. Paxson Lane, Arcadia, Califor- 
nia 91006. 

Circle IJ)2 on Reader Service Card 



ham gear protection 
The new 40-page catalog from Electronic 

Specialists includes a line of protection and in- 
terference control products designed to prevent 
costly damage from lightning or power line 
spikes Bnd disruptions or interference from 
power line carried EM1 and RFI. Protective de- 
vices Include AC line voltage regulators and con- 
ditioners, modem and phone line surge suppres- 
sors as well as equipment isolators and filter1 
soppressors. 

HI-TECH F:Ql'lPMENT 
PROTR('1'ION X. 

INTEKFKKKN('E 
~ 'OXl ' l<OJ ,  

Typical protection and interference problems 
are descrtbed in the text, together with suggest- 
r?d solutions for various Amateur and other com- 
triunicati~ns ~nstallations, as well as numerous 
applications for hi-tech equipment protection and 
Interference conirol. 

For more lnformatton, contact Electronic 
Spec~alists, Inc.. 171 South Main Street, P.O. 
Box 389, Natick, Massachusetts 01760. 

Circle 1303 on Reader Service Card. 

MCM Electron~cs has introduced the Temma 
Combination DMMIDCM meter with hFe tran- 
slstor gain tester. The unit measures voltage, 
current, resistance, capacitance and hFe on the 
clear 1 '2-inch, 3-112 digit LCD display. 

A capacitance measuring socket gives direct 
measurements of capacitors, along with a tran- 
sistor hFe. The color-coded panel allows users 
easy identification of function and range settings. 

Safety features include Input overload protec 
tion, single fusing (with a spare fuse inside), and 
stress rel~ef test leads. The Temma Combination 
DMM!DCM meter comes in a convenient carry- 
Ing case, with alligator clip hFe leads and has 

' :- 

I;: I: 

I 
A 50-Watt, 6-Band CW Transceiver 

that combines excellent Performance, Reliability, 
Simplicity of Operation, and Low Cost. 

TEN-TEC .M. 
SEVICRVILLE. TEWMESSEL 11862 

MATCHES: dtpoles Inverted vees. beams quads. 
vert~cals mob~le wh~ps. random wlre, etc that are fed by 
coax, balanced l~ne or slngle wlre 
MAXIMUM POWER: 300 watts RF 
INPUTS (sel~ctable from lront panel) 

3 coax 1-d~recl 2-dlrect or thru tuner 
1-balanced l~ne (4 1 balun Inc ) or slngle wlre 

IN-LINE CALIBRATED WATTMETER INCLUDED 

ALSO IN STOCK 
KITS: for HF VHF UHF 8 Test t qutpment 

I ANTENNA TUNER 
COMPONENTS: Torotds Rods & Beads Res~stors. 
Inductors. Capacitors Antenna Compon~nts 8 Wlre 

Viewstar - Mod. VS3OOA 
1984-85 CATALOG 50t 

Fully Assembled 
and Tested $89.95 

SEE US AT 
Plus $3 00 Sh~pp~ng 8 Handl~nq BOXBORO Box 411H. Greenv~lle. NH 03048 

(6031 878-1033, telex 887697 
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products 
a oneyear warranty. Banery operated, the LCD 
display indicates low banen/ condition. The price 
is $74.95. 

For more information, contact MCM Elec- 
tronics, Centerville, Ohio 45459. 

Circle 1504 on Reader Service Card. 

A new product from Advanced Computer 
Controls, Inc., allows remote control of your 
shack and effective communication with family 
members over your home equipment. 

ShackMaster'sTM crossband linking capabil- 
ity allows you to access your high performance 
home station from VHF/UHF, either by simplex 

The RTTY demodulator provides strong per- 
formance even on the weakest, noisest signals 
that can be found. This is because of the sensi- 
tive mark and space active filter demodulator, 
rather than a phase-locked loop, as found in 
other low cost interfaces. This unit copies both 
the mark and space tones, not just the space 
tone. The demodulator section is preceded by 
a bandpass filter to provide excellent adjacent 
signal rejection. A three-pole post detection filter 
provides optimum signal-to-noise reception of 
the RTTY signal. The 170,425, and 850 Hz shift 
selector provides fast and accurate shift selec- 
tion; shift can also be reversed with the use of 
a front panel pushbunon. An LED bargraph and 
marklspace LED indicators provide positive tun- 
ing indication. Scope outputs are also provided 
for the ellipse tuning. A function generator chip 
is used to provide a stable, sinewave AFSK out- 
put to your transmitter. This interface will also 
key your FSK input. Automatic or manual PTT 
control can also be selected by a front panel 
pushbutton. 

The CW demodulator, centered around 800 
Hz, includes bandpass filtering to reject nearby 
signals. Both positive and negative CW keyed 
outputs are provided on the rear panel. 

The rear panel contains a standard Spin 110 
connector for TTL level interfacing. These signals 
can be inverted so that just about any software 
can be used with the interface. An RS 232 con- 

or through repeaters. Telephone access permits nection is also included for use with computers 
remote control of your home station from any requiring these voltage levels. 
Touch-Tone telephone, and BSR X-10 shack 
control offers Touch-Tone remote control of 
120-volt devlces wfth Touch Tone commands, 
over the alr or over the phone. 

The ShackPatchTM feature, a remotely con- 
trolled Intercom, permlts remote control of your 
home equlpment, allowlng th~rd parttes to par- 
ticipate. Based on the same principles as an 
autopatch, it leaves you in complete control of 
your station at all times. An electronic mailbox 
permits you and your family to leave messages 
for each other, to be retrieved when convenient. 
Finally, a simplex autopatch is available when 
it's necessary to make a phone call. 

Based on ACC's proven repeater control tech- 
nology, ShackMasterTM includes electronic syn- 
thesized speech with a custom vocabulary, mak- 
ing it easy for anyone to use. It interfaces to up 
to three transceivers, the phone line, a local 
speaker, and microphone. 

For more information, contact Advanced 
Computer Controls, Inc., 10816 Northridge 
Square, Cupertino, California 95014. 

Circle t305 on Reader Service Card. 

RTTYICW computer 
interface 

DGM Electronics, lnc.. has introduced their 
new DGM-1 RTTYlCW computer interface, 
which simply connects between any transceiver 
and computer and works with almost any 
RTTYlCW software on the market because of 
its versatile 110 circuitry. 

The DGM-1 RTTYlCW computer interface is 
housed in a compact 1-112 x 7 x 7 inch alu- 
minum enclosure to provide excellent RF immu- 
nity. The unit is powered by a 120 VAC wall 
transformer, included with the interface. The 
price of the DGM-1 is $149.00. 

For more information, contact DGM Electron- 
ics, Inc., 787 Briar Lane, Beloit, Wisconsin 
5351 1. 

Circle 1306 on Reader Service Card. 

coax checker 
North American SOAR Corp.'s Model 1500 

coaxial cable length checker was designed to 
meet the needs of cable manufacturers, users, 
and installers. 

The length of coax and its termination - 
whether on a reel or strung out - is essential 
information for anyone who works with it. 
Using the Model 1500 coax checker, damaged 
cable in plenum, conduit or in free air can be 
checked for shorts or opens. The device provides 
numerical indication to the short or open in feet 
or meters and indicates the state - either short 

/ 176 
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or open - on a 4-digit LCD readout. This unit 
can measure all types of coaxial cable in lengths 
ranging from 10 feet to 6500 feet. The pulse 
reflection technique used as its measuring 
method allows for fast cable length indication. 

Totally portable, the unit measures only 7-318 
x 2-1 I 4  x 7 inches and weighs only 3 pounds 
with batteries. Priced at $499 in small quantities. 
it is supplied with 6 Ni-Cad rechargeable bat- 
teries, a battery rechargerlAC adaptor and a 
carltruck cigarette lighter adaptor. 

For more information, contact North American 
Soar Corp., 1126 Cornell Avenue, Cherry Hill, 
New Jersey 08002. 

Circle 1307 on Reader Service Card. 

Triplett hand-size tester 
The new Model 310-T5 hand-held V-0-M just 

introduced by Triplett Corporation offers an ex- 
tended ACIDC voltage range up to 1200 volts 
for extra versatility in making laboratory or in- 
field measurements on industrial, commercial, 
or consumer electroniclelectricaI equipment. 

The tester has a sealed range switch for im- 
proved resistance to contaminants and new. 
safety-designed test leads to provide optimum 
user safety. The drop-resistant case is high- 
impact thermoplastic to endure rugged use. 

Only 2-314 x 1-5/16 x 4-114 inches, the 
Model 310-T5 has an easy-reading, 2-118-inch 
scale meter which is self-shielding and is pro- 
tected against overload. Full scale accuracy is 
5 3 percent DC and f 4 percent AC. 

Ranges include: 0-1200 VDC and VAC in 5 
ranges; 0-200 megohms in 4 ranges; 0-600 DC 
milliamperes in 4 ranges with a 0-600 micro- 
ampere (250 mV) range. A convenient single 
range selector switch is provided. 

Tester sensitivity is 20.000 ohrns/volt DC and 
5,000 ohmslvolt AC. 

Priced at only $70, the one-year warranteed 
Model 310-T5 tester is furnished complete with 
42 inch safety test leads, screw-on alligator 
test clips, batteries and a comprehensive instruc- 
tion manual. Optional accessories include the 
Model-10 clamp-on AC ammeter, Model 101 line 
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I Iron Powder and Ferrite 7 
TOROIDAL CORES 

Shielding Beads, Shielded Coil Forms - - b h  
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 
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12033 Otsego Street, North Hollywood, Calif. 91607 
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TROUBLESHOOTING 
MICROPROCESSOR-BASED 

EQUIPMENT 
AND 

DIGITAL DEVICES 
Attend this *highly acclaimed seminar and 
master the essentials of microprocessor main- 
tenance. Gain a firm understanding of micro- 
processor fundamentals and learn specialized 
troubleshooting techniques. $695.00 

1984 fALL/WIIlER SCHEDULE ' 
Wash~nqlon. DC - Septeniber 11-14 
Boston - September 18-21 
Phoenix . October 9-12 
Los Angeles - October 16-19 
Atlanta - November 6-9 
Miami - November 13-16 
Newark - December 4-7 

*References provided upon request. 
MICRO SYSTEMS INSTITUTE 

Garnett. Kansas 66032 
(913) 898-3265 H 169 

TUNE IN THE WORLD 
OF HAM-TV! 

Amotrur Radm oprrrtltrr !n the IlIrO's arr  dtuovrnnR thr 
fawonrllnp 'World c,l Anlarur Trlcrnston" He 4 1  Fast %an n' 
fFSTYl Sl i l v  \an 1Y lc 'n' l .  ta<wn~l r  IFAX1 or wmrwhor 
Dr! hrrwrrn Vaclrc, cnmnwnncatlamr mcdrr arr ~ r o w ~ n p  21 m 
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Nrw rdrmcrmrnt~ arc raktnp plrc  10 Hqh-Rcrolution L<slor 
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"car*' And now, undcr puldrntr of ~ h c  I 'NITFD (TATES AT\' 
bO(.lFlY II.4M.n' w l l l  ~cmt~nuc #a gal* rapldh Intrrcrtrd, 

products 
separator, carrying cases and replacement test 
leads. 

For additional information, contact Triplett 
Corporation, One Triplett Drive, Bluffton, Ohio 
45817. 
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In-line coax relays 
In-line coaxial relays can remotely select from 

up to nine antennas using a single coaxial cable 
to the radio. 

The two and three-output relays can be 
arranged in systems to select from among multi- 

fl 116 ple antennas, pair different antenna-radio com- 

lnline Coaxial Reteye 

RaotMwitchaMo 
Coaxial Relays for 
Radto-Antenna 
lnterconn~ctton 

For UH In: 
Wm ''AlXalIU klw" . M.h. *.dm lly.trn 
Cnmmve~.l Cwn.run*uHh.  

1296 & PHASE IlI 
MAKl UTV 1200 - $49gg5 
M A K l 2 0 W  AMP - $43Oo0 - - -  - 

KT 2 0 0  ET 

0-10 TRACKING PROG. 
TIMEXIZX - 1 6 K  

~ i c - ~ a s i c  $1 2.95 
Also Avail. w/RS & STS 

SASE for full details on the 
T i m e x l  ZX AUTOTRAK ROTOR 

CONTROLLER 

SPEClRUMWBl 
571 7 NE 56th, SEATTLE, WA 98105 

206-641-7461 f l  202 
L 
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binations, or connect a series of radios to a single 
broadbana antenna. The various relays cover 
some part of the 0-900 MHz range, and feature 
high power handling. long life, and weatheriza- 
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Metal I Aluminium I kle-honks 

correct flux formulation and alloy composition 
provide the ideal combination for different sol- 
dering jobs: metal, aluminum, or electrical1 
electronic. No pre-cleaning of surface is neces- 
sary. Each plastic dispenser has a convenient 
hook-eye cap for bench-top storage. 

Included in the selection are Arax Solder for 
general metal repair, Alu-Sol Solder for alurn- 
inum, and Ersin Solder for electrical/electronic 
connections. 

For complete information, contact Multicore 
Solders, Cantiague Rock Road, Westbury, New 
York 11590. 

Circle 1310 on Reader Service Card. 

Touch-Tone 
remote control board 

TTC300, is a new DTMF (Touch-Tone) Con- 
troller Board that provides remote DTMF con- 
trol of virtually any ON/OFF function via a radio 
or any type of link with audio output, such as 
wireline or phoneline. Typical applications in- 
clude remote control of functions at a repeater 
site or any location with a radio link. 

A new selection of solders for virtually any 
type of soldering job - including metal, alumi- The controller uses a new high quality crystal 
num, and electrical wiring - is available from controlled decoder IC, with high immunity to 
Multicore Solders. The "All Purpose Solder Pak" faking, decodes all 16 digits, and features 3 
contains an assortment of multiple-core con- ONIOFF functions per main chrd. Easily ex- 
struction wire solder for self-fluxing action. The pandable to any number of functions with expan- 
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sion cards, the board can be field programmed 
using plug-in coded cards. 

Its transistor switch outputs can directly 
trigger solid-state circuitry or relays for any type 
of control function. 

For more details, contact Spectrum Communi- 
cations Corp., 1055 W. Germantown Parkway, 
Norristown, Pennsylvania 19401-9616. 

Circle 1312 on Reader Service Card. 

code teacher program 
Cynwyn now offers MC-10 owners Morse 

Code Teacher, a program requiring 4K RAM. 
Available on cassette for $15 plus $2 shipping 
and handling, Morse Code Teacher is designed 
for the beginner. It features three different prac- 
tice [outines that promote familiarity with the 
code and can increase copying speed up to 5 
WPM. In the introductory routine, whenever any 
letter or number on the computer keyboard is 
pressed, the program responds with the equiva- 
lent character in Morse Code. The second 
routine generates and sends characters one 
at a time from pre-determined letterlnumber 
groups and displays them on the screen for 
checking. In the final routine, random lettersand 
number. are sent at either 3 or 5 WPM for 
copying sessions of one minute and displayed 
on the screen at the end of each session. 

For more information, contact Cynwyn, 4791 
Broadway, Suite 2F. New York, New York 
10034. 

Circle 1313 on Reader Service Card. 

CW keyboard 
The HD-8999 UltraPro CW Keyboard is a third- 

generation code computer designed to minimize 
keying errors and increase the ease and accuracy 
of sending high-speed CW. A 64-character "type 
ahead" buffer permits typing faster than the 
keyboard is sending. Ten variable length buffers 

eliminate waste when storing text, and messages 
stored in the buffers can be compiled, corrected, 
or transmitted with no more than one to three 
keystrokes. A large, four-digit LED display in- 
dicates many functions including speed, spac- 
ing, weighting, serial number, remaining 
message character space, input error, tune 
mode, sidetone onloff, keyclick and individual 
buffer protection. An &segment bar graph in- 
dicates buffer protection. An 8-segment bar 
graph indicates fullness of the type-ahead buf- 
fer. Parameters are easily set from the keyboard, 

THIS MONTH'S FEATURES: 
SANTECST-I42 - $279.00 IllG'H-G.4l.V l>l.V('O I'ERER 7-2 - $312.00 
NIGHGAIN DISCOVERER 7-1 - $139.00 h'DK FiM-2033 - $279.00 

HIGH-GAIN DIRECTOR 7-3 - $195.00 

AV5 95.00 Sfackir(~ k Quad Kits! 
40-2CD 269.95 

1hy-4aEij 
TH7DXS S419.95 
THSMk2S 361.95 IRAW/WRS 599.95 . 
Explorer- 14 295.00 I4AVQ/W&S 61.95 
QK-710 add-on 82.50 IZAVQ-S 47.95 
392s Conv. KII 142.95 I4RMQ 36.95 
204BAS 245.00 IRHTS 399.95 
ZOSRAS 339.95 V2S 4 1.95 

WIRE & CABLE (coax quality guaranteed. 955. 

RG-2 13/U 50.29/ft. Rotor cable-slandard 
RG-R/U O.B/ft. (6-22.2-18) SO.l9/ff. 

RG-R/U 0.27/ft. Rotor cahle-hvy. duly 
RG-RX 0.16/R. (6-18. 2-16) 0.33Ift. 

6 ~narco-~ohn 
We& 2SG. 4SG. HBX. & HDBX lowers. 

All accessories availahle. FOLD-OVER 
towy? shipped freight pre-paid to your QTH! 

2 5 ~  546./ret. HBX4R 5250.00 
45G IWlsert. HBXS6 320.00 

FOLDOVERS: HDBX40 L10.00 
GI our quote HDRX4R 315.00 

& save! 

- ROTORS: ' 

CD-4511 1.76.95 
,I HAM-IV 217.00 

TZX 259.95 
HDR-300 475.00 

.p lu  shielding) 

450 ohm line SO.W/R. 
14 ga. Copperweld 

(solid) O.lO/ft. 
I 2  ga. Coppenveld 

0.12/n. 

&ib 
Let uc h ~ d  rhr wlf.\upponinp 

crank-up tower of yur choice with 
the accewnes you select. 

Sh~ppell lrcighl paid. Order tower w~rh Hy-Galn 
anrcnna, roror & other accessories. Rec~eve frec 

shipping on all. 

A lower is a major investment of time, money, andsweat. To be certain you get whatyou w n t  
and need lo complete your inrmlla~ion, &I lime around, we suggest you write us with your 
itemized needs and get our H&LI proposal. A few extra d0y.s now can save w e k s  of 
frurrrarion and witinn h e r .  

hm suhjeci lo chsngc wtlhout 
mrr or oMa@alkan M~nnoru 
rrrdcnts add h? us S h ~ p r n ~  no8 
mncluW CSLCO~ m5 ~ n d ~ u d  
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cod3 Da'T "*%$ 
mmmwrno ~ ~ M - o - E " I ~ ~ Y I ~  BQX BEDX 8, SJM 

MOSFET IrhQW h AmmIican made moMh panr 
ampllflerl lull1 lor those who demand qualily 

~ o n t o c t  ur for al l  of your ornotrur rodlo nrrr ir  . 
FEATURING 

ICOM AEA LARSEN V A N  GORDEN, VlBROPl EX. 
NYE ~IKIN~;, F A L C O ~  COMM LEADING EDGE 
ARRL PUBLICATIONS, KAGLO, HAMTRONICS. 
PROWRITER, ELEPHANT DISKS, DEBCO, TRIONYX 

915 North Main Street SardbuTiba&e&&n&mw&&&/ 

Jamstown, New York 14701 * ~0f 'H .  (716)664-6345 -- 
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MODEL 
SG.100E 

MADE IN 5399.95 
USA plus shlpplng 

Covers 100 MHz to 185 MHz in 1 kHz 
steps with thumbwheel dial Accuracy 
+/- 1 part per 10 million at all frequen- 
cies Internal FM adjustable from 0 to 100 
kHz at a 1 kHz rate External FM input ac- 
cepts tones or voice Spurs and noise at 
least 60 dB below carrier Output adjust- 
able from 5-500 mV at 50 Ohms * Oper- 
ates on 12 Vdc @I '/2 Amp Available for 
immediate delivery $399.95 plus ship- 
ping * Add-on accessories available to ex- 
tend freq range, add infinite resolution, AM, 
and a precision 120 dB attenuator Call 
or write for details Phone in your order 
for fast COD shipment. 

VANGUARDLABS 
196-23 Jamaica Ave., Hollis. NY 11423 

Phone: (212) 468-2720 fl 211 

List a d~rectofy of all messages 
Scan dlrectofy of messages 
User selectable baud rates 
Automatlc date and tlme keeplng 
Automal~c llme out feature 
Automatlc ID of your call 
Automal~c lndlcat~on 01 memory used 
3 modes - MSO SYSOP 8 01recl RTTY 
Works wlth or wRhout dlsk drlve 
Speclttcally for VIC 20 (8 k rnln) or C64 

Sottware package lncludes -manual program dls- 
kene or cassette and lntertace cable 

~49.95 plus ~1.90 postage 
(Kantronlcs interfaces add $5 00) 

FCC changes niake oblatnlng a Hlgh level 
Rad~o Telephone Llcense much easler now 
Ellmlnale unnecessary study w~lh our short- 
cuts and easy l o  lollow study malerlal Obta~n- 
Ing the General Rad~o Telephone Llcense can 
be a snap1 Sample exams also secllon cover- 
~ng Radar Endorsement 

S a t ~ s f a c t ~ o n  G u a r a n t e e d  

SPI-RO DISTRIBUTING 
P.0 Box 1538 

Hendersonvllle, N C 28793 

products 
and battery back-up of the CMOS memory re- 
tains buffer contents and last-used parameters 
in the event of power failure or the keyboard's 
being turned off. Three different, four-level code 
practice modes are built in, as are turn-on cir- 
cuit diagnostics, a sidetone oscillator, and 
speaker. 

For more details, contact Heath Company, 
Benton Harbor, Michigan 49022. 

Circle 1309 on Reader Service Card. 

UHF fixed station 
antenna 

The new G M  UHF antenna for 
fixed station or repeater use was re- 
cently announced by Hustler. 

Based on the popular G7-144 
VHF antenna, the new UHF anten- 
na delivers 6 dBd gain through the 
use of stacked 518-wave brass ra- 
diator sections, series phased, and 
sealed in an ultralight, tapered fiber- 
glass radome. 

Mechanical integrity is assured 
with the use of aluminum and stain- 
less steel components. Coaxial cable 
termination is accomplished through 
the use of a hub-mounted, moisture 
resistant, "N" type connector. 

The antenna is factory tuned at 
440 MHz, with a typical VSWR of 
1.15:1, and exhibits an 18 MHz 
bandwidth under 2:l. Its overall 
height is 88 inches, with a wind sur- 
vival rating of 120 MPH. 

For further information, contact 
Hustler, Inc., 3275 North B Avenue, 
Kissimmee, Florida 32758. 

Circle 1315 on Readef Service 
Card. 

Touch-Tone decoder 
and encoderldecoder 

Midian Electronics, Inc. has introduced the 
TTD-3 and TTC-3. The TTD-3 is priced at $59.95, 
and the TTC-3 is priced at $85. The TTD-3 is a 
1 to Cdigit diode snip programmable anti-falsing 
DTMF decoder. It can decode, A,B,D,D.*,#, 
1-0. It has a 2400-Hz ring tone, momentary horn 
output, latchng call light, and positive or negative 
squelch output. The unit measures 1.17 x 1.15 
x 0.3 inches. 

The TTC-3 is a combination encoder/decoder 
with all the features of the TTD-3 plus push-to- 
talk, sidetone audio to the speaker and adjustable 
audio output, and all the 16 standard Bell System 
touch tones. 



For additional information, contact Midian 
Electronics, Inc., 2302 East 22nd Street, Tucson 
Arizona 8R13. 

Circle CJ14 on Reader Service Card. 

code and theory tapes - 
in stereo 

Gordon West's Radio School offers over 30 
individual 1-1 12 hour long code speed-building 
courses on stereo cassettes. There are also over 
20 individual tapes covering theory for examina- 
tion preparation, and 10 tapes dealing with 
Amateur Radio equipment installation 
techniques. 

West's stereo technique allows students to 
play the tapes in a variety of ways to satisfy their 
individual learning requirements. Any tape player 
with a balance control can be used to fade out 
the voice channel as needed. Played on a 
monaural tape recorder, the student hears both 
channels. 

Radio School also offers complete &cassette 
theory courses covering the new FCC questions 
from Novice to Extra class. These theory courses 
feature the "live sounds" of Amateur Radio 
operating to assist the student in recognizing 
some of the topics discussed on the tape. 

All Gordon West Radio School tapes are 
available directly from Radio School, 2414 Col- 
lege Drive, Costa Mesa, California 92626. 

Circle 1316 on Reader Service Card. 

all-plastic potentiometers 
Mouser Electronics has announced the release 

of a new hi-re1 potentiometer said to have been 
designed for safety. 

The 31N series pots are suitable for applica- 
tions requiring both high voltage and high insula- 
tion resistance. Both body and shaft are made 
of flame-retardant nylon with a conductive 
plastic element. These pots can handle a work- 
ing voltage up tb 315 VAC (630 VAC peak) 
with a minimum insulation resistance of 1000 
megohms. 

They are linear taper and are power rated at 
1 /4  watts at 20 degrees C. Resistance tolerance 
is 20 percent and terminal resistance is a maxi- 
mum of 5 ohms. Insulation voltage is 450 VDC. 
The pots measure 0.79 x 0.6 x 0.68 inch shaft. 

Production quantities are available from stock 
in values from 1 K to 1 M and come complete 

1. I;; / 

FINEST WOODPECKER B L A N K E R  

AVAILABLE 

. A U T O - T R A K  

F O R  H A N D S  O F F  O P E R A T I O N  

. E L I M I N A T E S  2 WOODPECKERS A T  ONCE 

( S A S E  F O R  D A T A  SHEET I 

Aiiiiomm I 
5717 NE 56TH SEATTLE. W A  98105 

(206) 641.7461 H 105 

COMPUTER CORNER 
Thls month Modlron Eledronlcs Supply hol  Ma pockage 
S ~ ~ C I O I S  for !how of you that are Interest& In Oefting Into 
me world of mP/ /AMTOR Rom of mew pockoger Include 
full luncflon Mona Baudot. AFCll and AMTOR modes of 
operoflon 

Package 1 Includes o selfcontained unR that 
plugs directly Into )cur Commodore M and o 
spectrum anoiyzer type tuning lndlcotor that Is as 
g o d  as o xope tor tuning. 
AEA M W  TU & SoMueor retall 239.95 
AEA TI-1 tuning lndlcotor retall 419.95 
AEA AC-1 12VDC power supply retall 19.95 
One Mlc Connector 4 or 8 pln retall 4.95 

TOTAL S384.80 
PACKAGE snccNI $2119.9~ YOU SAM $$$ 
Packa l 2 Is h a  hlghly occldmed 8 1  TU wm me 
new Mb-~~Rsoftwora o high performonce pock- 
aoe for the more serlous ooerotor 
AEA CP1 TU retall 239.95 
AEA MBA-TOR Sohum for C-64 retail 119.95 
AEA 11-1 Tuning Indicator retall 119.95 
One Mlc Connector 4 or 8 pln retail 4.95 I 
- 

X3TAL S484.80 
W K A G E  SPECIAL1 5569.95 VDU SAM $$$ 
ANIENNA) 

A4 ................................................................. 289.95 
...... ....................... .............. 402CD .. .... 289.95 

R3 .................... .... ................................. 279.95 
Hustler 6BN .............................................. 139.95 
67-144 ...................... ... ............. i t 9 . 9 5  
Bulternut HF6V. ..80 thm 10 vertlwl ............. 125.00 
HF2V .... 80 and 40 vertlcal ......................... 125.00 

............ 70CMCV-7..70cm vertlcol cotlinear -39.00 
Barker & Wllllamron 
AV25 vertlcal .......................................... W.00 
AR25 radial kit for above .............................. 19.50 

............................. AS160 (160-804020) 137' 115.00 
................... ............ AS80 (80-40-20) 78' ... 89.00 

AS40 (40-20-15-10) U............ ................... 115.00 
AS20 (2015-10) 23'........... ......... ..................W.CO 
HyGaln 
TH7DXX ....................................................... 429.95 
HG52SS ...................... .... ..... ... 

.......................... 7440 meter rotary dlpole 156.00 
7-2..2 element 40M beom .......................... 349.00 
Director kit for above tor 3 el. 4OM ............. 219.00 
Hom 4 ................... .. . . . . .  .. ........ ...95 
Ham T2X ....................... .. ......................... 249.95 
NOTE: HyGoln accessories shlpped prepald from 
the factory wlth tower orders 

..................... ................... KLM K134A .... 329.95 
2M13LM ................ ... ............................. 79.95 

................. ................................... 2M14C ... 88.M) 
2M22C .......................................................... 119.95 
2M16LBX ................... .... ................ *.95 

................................... ........... 432-3OLBX .. 96.00 
................... 43518C.ln~l. CS-2 ............ 116.95 

432-16LB ........................................ 
............................................. b r u n  Kulduck 17.00 
................. ................. AEA Hotrod HR1 .... 16.00 

............ VALOR mobile antennas 754OM. ea 20.00 

............ AVANTl ASP151 36 thm the glass 2M 33.00 
....... ... ANTECO 2M 38 MAG MOUNT, ~0tnp1. 25.M) 

............ MET2 SW-1 SWL ANT.50khz to 54rnhz 59.95 
DB+ Enterprlao~ 201. Quod ....................... 279.95 

............................ WlJC 160 + 30 HD Dipole 69.95 

............................ WlJC 160 + 40 HD Dipole 69.95 

NEW l NEW1 NEW1 
AEA PACKEI-PKT-I packet controller - auembled. 
testedcomplete Incl. pwr ... reacty to go ... 499.95 
SWLTEXT softwora C-54 ............................... 99.95 
MMTOR softwora VIC-20 ............................ 99.95 
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I Free  $9.95 Mob. Quick charge Cobk 

ST-222 H/T (220 mHz) . . . . '289 
ST-442 H I T  (440 mHz) . . . . '299 

FM-4033 (220 mHz). . . . . . . '339 
FM-6033 (6-Meters). . . . . . '289 
FM-7033 (440 mHz . . . . . . . '339 
F R E E  UPS Brown Shippinq-Add 11.65 for COD 
N C Rer.  Add 4 '  l o o  Sales lox. Sorrv NoCards. 

The Notion's Lararst Moil Ordrr  Sontrc Dealer 

ILL1 AMS RADIO SALES I 
. 600 LAKEDALE ROAD, DEPT. H 

COLFAX, N.C. 27235 fl 217 
(919) 993-5881 Noon to 10 P.M. EST 

Modt?rn~ze anvn1otlt.l o f  !hc orlqlrlal FT 101 
Ser~es by add~ng all three WARC bands for 
R X  and TXI  

Use 10 MHz now; be ready for the others. 
Increase resale value of your rig. 
Easy ~nstallation, detalled instructions. 
Includes all crystals, relays, etc. 
Tested, fool.proof deslgn for all but 'ZD. 

FT.101 WARC Kit 14N . . . . . . . . .ONLY $25. 
FT-901 WARC Kit 14J (30M only) ONLY $10. 
Shipping $3 (Air $5). Flor~da sales tax 5%. 

GO FOX TANGO - TO BE SURE! 

Order by Mail 
or Telephone 

For other great Yaesu modifications 
el  the top-rated FT Newsletter. 
till only $8 per calendar year (US). 

$9 Canada. $12 Overseas. 

I FOH A L L  A M A I t  0 1 4  W l l l l  b C A R L @  I 

I 
i l i  10 14 t lS t lu  A V l r  NPdA!, U N A U l L l A  

VISA MASTERCARD COD CASH 

products 
with hardware. Prices are as low as 99 cents in 
quantities of 500. 

For further information, contact Mouser Elec- 
tronics, 11433 Woodside Avenue, Santee, Cali- 
fornia 92071. 

Circle 1317 on Reader Service Card. 

receiver guard 
Design Electronics Ohio (DEO) has announced 

the Receiver Guard 2000, a solid-state, RF-trig- 
gered protection device that prevents high power 
RF from damaging modern solid-state front 
ends. 

The unit may be installed in any receiver anten- 
na line, or with slight modifications, in the trans- 
verter jack of several popular transceivers. Once 
installed, the unit is totally passive until RF volt- 
age on the antenna exceeds 1 volt (1000 milli- 
volts). At this threshold voltage, the unit begins 
to activate, shunting excess voltage to ground 
while automatically increasing the resistance in 
the line to the receiver. This automatic increase 
in receiver line resistance continues until a fusi- 
ble link inside the Receiver Guard 2000 opens. 

Many Amateur Radio applications are possi- 
ble. This unit is suited for use in the multi-trans- 
mitter contest station where great amounts of 
RF on several frequencies are present. The Radio 
Amateur who lives near a fellow ham operating 
at the 1500-wan level will find the Receiver Guard 
2000 to be a great insurance pollcy. Fleld day 
operators can now use their own rigs without 
fear of losing their front ends. Those Amateurs 
who use listening antennas (loops, beverages, 
etc.) can install the unit in the coax line from the 
listening antennas without fear of destroying the 
front end of their own radio when transmitting. 

SWL'ers, who as a rule use very low Q anten- 
nas, need also to protect their expensive receiv- 
er front ends. With the ever-increasing density 
of RF signals, SWLers who do not protect their 
receivers from high power RF transmitters are 
clearly at risk. 

The Receiver Guard 2000 has less than 0.3 dB 
insertion loss between 1.8 and 300 MHz. The unit 
is attractively packaged in a black die-cast 

aluminum RF-tight box measuring 3.5 r 1.25 
Y 1.5 inches. Three models are available: Model 

P, the standard protection unit with RCA type 
phono plugs, is priced at $29.95. Model U, the 
standard protection unit with UHF (SO-239) fit- 
tings. is also priced at $29.95. Model CTT, the 
standard protection unit (Model U I  with the ad- 
dition of an Alpha Delta Transi-TraplM LT 
Lightning Protector is available only with UHF 
fittings, at $49.95. (Add $4 for shipping and han- 
dling to all prices.) 

For further information, contact Design Elec- 
tronics Ohio, 4925 South Hamilton Road. Grove- 
port, Ohio 34125. 

Circle 1318 on Reader Service Card. 

multimode transceiver 
ICOM has announced the IC-471H 430-450 

MHz transceiver with 75-wan transmitter and ex- 
tremely low-noise PLL circuitry. 

Standard features include 430-450 MHz cover- 
age; 75 watts RF output; FM, SSB, CW modes; 
32 furl-function tunable memories storing fre- 
quency, offset, offset direction and tones; and 
32 built-ln subaudible tones, all front-panel se- 
lectable. 10 Hz tuning increments, 1 MHz 
upidown buttons, scanning of memories, mem- 
ory modes, or band, and all-mode squelch are 
all also standard. The compact unit features an 
easy- to-read fluorescent dtsplay. 

The IC-471H uses 12 volt DC power and may 
be supplied from an external source (IC-PSI5 or 
IC-PS30, optional) or from an optional internal 
AC power supply (IC PS351. Other optional fea- 
tures include an IC-AG35 switchable mast- 
mounted preamplifier. UT15S encoderldecoder 
(PL encoder IS standard), IC-CT10 computer in- 
terface, IC-EX309 computer interface connec- 
tor and IC-EX310 voice synthesizer. The suggest- 
ed retail price is $1099. 

For more lnformatlon, contact ICOM, 21 12 
116th Ave., N.E., Bellevue, Washington 98004. 

Circle 1319 on Reader Service Card. 

digital VOM 
The new Model 3550-A hand-held, push- 

button operated, digital VOM just introduced by 
Triplett Corporation offers + 0.25 percent ac- 
curacy on all DC ranges, plus 10 amp test capa 
bility and audible continuity tone. Deslgned for 
2000 hours of battery life, the Model 3550-A is 
suited for in-field measurements on industrial, 
commercial or corisumer electronic/electrical 
equipment. 
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ANTENNA SALE G P ~  
I 

59 *** 'I scb++~\bL I 
HY-GAIN HY-GAIN TOWERS CUSHCRAFT 1 

TH3RJS $169 HG37SS $629 A-3 $209 BC 350 $375.00 
TH5MK2S $355 HG50MT2 $739 A-4 $279 BC 300 $339.00 1 

$279 $279.00 TH7BX3S $410 HG52SS $899 40-2C D BC 20120 
EXPLORER 14 $269 HG54HD $1 449 R-3 $265 BC 210XL S219.00 

I 14AVQB $59 HG7OHD $2269 AVS $98 BC 200 S 169.00 I 
1 BAVTMIBS $95 32-1 9 $9 1 BC 180 $159.00 / 

I V2S $37 KLM 214B-FB $77 BC 260 5249.00 , 
v 3 s40 KT34A $329 ARX.2B $37 BC 100 S279.00 
v4 

s49 KT34XA $479 A144-11 
$46 BC WA $34.95 1 

66BS "09 40M.2 $290 'CP2100 $279.00 
CD45 I1 

'12' 2 ~ - I ~ L B A  $77 LARSEN CALL= ALL SOFTWARE $39.95 
' 

HAM IV s199 2M-14C S85 
T2X s245 435-18C 
ALLIANCE HD73 $99 432-16LB $59 

$65 HUSTLER CALL 
4 

BUTTERNUT AEA CALL 
HMV S1O9 Call "TOLL FREE" For All Antennas 8 lamsrrarler 

THE TOUCH TONE 

- i 
.- -- 

3-1 - pp-l with n6n~malfunction gold contacts,. totally " pp-2 -I 
a PP-lK ~ e ~ i ~ e a b l e  and selfcontained. Easy level 

control, no frequency drift, operates in temp a PPPK 

eratures from -15Y to 160'Y. Supplied with instructions, schematic, template and 
hardware. Call or write for free catalog, dealer's list and information guide. 

PP-1 $55./PP-lK, S.P.S.T. Adj. Relay $62. P-3,12 or 16 Key,forcustom 
PP-2, $59./PP-2K S.P.S.T. Adj. Relay $66. installat~on, flush mount, 3 different ,,,,, 
M Series=Detached frame for Irrea. ~nstall, circuits available-request P-3 info. . .,,, 

r RECElVER GUARD 20007 I TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS I 
~nstalls easily between the antenna and receiver input. When RF voltage to the receiver line 
exceeds 1 volt, the unit activates by shunting the over voltage to ground and increasing the 
resistance in the receiver line. If over voltage exceeds design parameters, an internal fuse lamp 
opens (easy to replace). Perfect for contest stations, field day operations. areas saturated with 

broadcast services and those who use separate transmit and receive 
nas. Less than .3 dB insertion loss between 1.8 and 30 MHz. 

3 Models available 
P lwtlh phon? pluq%l $29.95 
U I W ~ I ~  SO 2191 $29.95 
Cll I W ~ I ~  SO 739 and Aloha Della 

Trans~lrap Inr R t  and TranslPnl 
UHFCONNECTORS nralrr l~on) 549.95 p13m)m 

mIO*I CL-I 0- 

Pleaw acld $4 lor sh~pp~cq and handhq u S only Fore~gn ordprs FW Grovewr~ r /  138 4925 S HAMILTON HD 
Can al%o b~ used walh mo5l I ransc~~vr rs  wtlh m~nor modlllcallllns GROVEPORT. OHIO 

MULTI-MODE A U D I O  F ILTER 

W I T H  AUTO-NOTCH 

4 COMPLETE FILTERS 

. S P E C I A L  TUNING FOR R T T Y  6 C W  

SASE FOR D A T A  SHEET 

5717 N E  56TH SEATTLE. WA 98105 
(206) 641.7461 rC 106 



NAMPA 
SATELLITE SYSTEMS 

312 12th Ave. So. 
Nampa, Idaho 83651 
(208) 466-6727 
1-800-654-0795 

IN HOUSTON, TEXAS 
(71 3) 957-51 40 
1-800-521 -8300 

NSS PB3 
MOTOR DRIVE 

CONTROL 
CONSOLE ONLY 

$150.00 
CONTROL CONSOLE 
ONLY (In klt form) 

$99.00 

PLUG-IN CONTROL BOARD 
3 DIGIT LED READOUT 
MANUAL EAST-WEST CONTROL 
RESET TO -000 
36 VOLT DC MOTOR 
125' CONTROL CABLE 
ZINC PLATED FINISH 

COMPLETE UNIT 

$250.00 
Control your dish from your 
living room . . . rain or shine. 

144 September 1984 

products 

'he tester features a new 2 amp. 600 volt fuse 
arrangement plus safety-designed test leads for 
optimum user protection. 

Measuring only 3-1 12 x 6-314 x 1-1 12 inches 
and weighing only 10 ounces, the Model 3550-A 
has a half-inch, 3-1 12 digit LCD with polarity and 
low battery indication. The new 2 amp. 600-volt 
fuse arrangement prevents nuisance fuse blows 
in volt and ohm ranges. Overrange and auto- 
polarity are included. 

Handy pushbuttons bermit rapid selection of 
6 tester functions. Ranges include: 0-1000 VDC 
in five ranges; 0-750 VAC in five ranges; 0-10 
amps DC or AC current in six ranges including 
a 200 microamp range; 0-20 megohms in six 
ranges. Pushbutton selectable, hi-low power 
ohms and resistance diode check is included. 
Audible continuity is available on the 200 ohm 
range in the HIV mode of ohms operation. 

The molded black, high-impact thermoplastic 
case has a sure-grip "finger tread" surface finish. 
An optional tilt stand facilitates bench use and 
easy external battery and fuse access. Other op- 
tional accessories include vinyl carrying case. 
battery cover, high-voltage probe, external 
shunt, temperature probe, clamp-on AC am- 
meter and line separator. 

Priced at $85.00, the new Model 3550-A is 
warranteed for one year and is furnished com- 
plete with 9 volt (NEDA 1604) battery, 42 inch 
test leads, screw-on alligator clips, and a com- 
prehensive instruction manual. 

For further information, contact Triplett Cor- 
poration, One Triplett Drive, Bluffton, Ohio 
45817. 

Circle m0 on Reader Service Card. 



TWO LOCATIONS 

In ldaho 
312 12th Ave. So. 

Nampa, ldaho 8365 1 
(208) 466-6727 

rn 

Television Systems 

TO SERVE YOU 

In Texas 
601 2 W. 34th St. 

Houston, Texas 77092 
(71 3) 957-5140 

DOWNLINK SIGNAL / 
/- 

I 
RECEIVING ANTENNA GEOSTATIONARY 

SATELLITE 

FEED ASSEMBLY 
N RECEIVER 

. 
l2E.I 

N S S  PB 3 M O T O R D R I V E  

- 
\ 

Consists of: WILSON YM 1000 SYSTEM ' 

Wilson YM 1000, 100" LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed Assembly, All 
Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions . . ~~~l $1628 

OPTIONS WlTH SYSTEM 
. . . . . . . . . . . . . . . . . . . . . . . . .  9 ft. Wilson Mesh ADD $100 

. . . . . . . . . . . . . . . . . . . . . . .  NSS Memory Tracker ADD $100 
I0 ft. Prodelin ADD $400 1 1 ft. Radarmesh dish ADD . $250 , 

1 Immitf1 - 7 ' -  - *""\ 

Consists of: 
WILSON YM400 SYSTEM 

. , . . . - . .  " ... 8 8 - -- Wilson YM400, 100" LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed Assembly, All 
i.;k -- - 

YM400 
Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions , , ~~~l $1 393 

OPTIONS WlTH SYSTEM 
. . . . . . . . . . . . . . . . . . . . . . . . .  9 ft. Witson Mesh ADD $100 

. . . . . . . . . . . . . . . . . . . . . . .  NSS Memory Tracker ADD $100 
elin ADD $400 1 1 ft. Radarmesh dish ADD . $250 

Call Toll Free 
Nampa, Idaho Houston, Texas 

1-800-654-0795 1 -800-52 1-8300 
I NSS PB3 Motor Drive, 



flea market 
RATES Noncommercial ads I06 per word; 

commercial ads 606 p e r  word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS S p o n s o r e d  by n o n - p r o f i t  or- 
g a n i z a t i o n s  receive one f r e e  Flea M a r k e t  ad 
( s u b j e c t  t o  our e d i t i n g )  on a space available 
basis only. R e p e a t  insertions o f  h a m f e s t  ads 
pay t h e  non-commercial r a t e .  

COPY No special l a y o u t  or a r r a n g e m e n t s  

available. M a t e r i a l  should be t y p e w r i t t e n  or 
clearly printed (not all capitals) and must in- 
clude f u l l  name and address. We reserve the 
r i g h t  to re jec t  unsuitable copy. Ham Radio can- 
n o t  check each advertiser and t h u s  cannot be 
held responsible f o r  claims made. Liability f o r  

c o r r e c t n e s s  o f  material limited to c o r r e c t e d  ad 
in next available issue. 

DEADLINE 1 5 t h  o f  second preceding 
month. 

SEND MATERIAL TO: Flea M a r k e t .  Ham 
Radio, Greenville, N. H. 03048. 

QSLs & RUBBER STAMPS - Top Oualltyl Card Samples 
and Slamp Info - 50U - Ebbert Graphlcs 5R. Box 70 Wester- 
vtlle. Ohlo 43081 

NH ALL-BAND QTH. South slope Crotched Mountaln, Green- 
f~eld Lodge and bunkhouse. 920' elevat~on. 1200'from h~gh- 
way and power malns, 59 acres prlvacy, paved access. base 
for future tennls court or hellport $95,000 "CW" Farr, 
WlWMK, Broker. Greenf~eld. NH (603) 547-2053 

"KTSS" Super OX sloper 80-10M only $59 95 "KT58" Mulll- 
band dlpole 160-l0M only $59 95 2-KW roller Inductor (28uh) 
$47 50 Weather boot k ~ t  (PL-259) $8 95 pp Much morel Info 
ava~lable Kllo-Tec. PO Box 1001. Oakvlew CA 93022 Tel 
805-646-9645 

IBM-PC RTTY ASCIIIBAUDOTICW send and recelve Spllt 
screen, buffers and features beaucoup SASE to E Alllne 
773 Rosa Meta~r~e LA 70005 

WANTEO: Old RCA. Western Electric, tubes speakers, amps 
(713) 728-4343. Corb. 11 122 Atwell Houston. Texas 77096 

ENJOY SATELLITE TELEVISION. Save money wlth easy, 
guaranteed, do-11-yourself antenna planslk~ts Electronic 
knowledge not necessary Send $1 00 for catalog or $8 95 for 
"Consumer Gu~de to Satellite Televls~on" GFI-41, Box 9808. 
Mtssoula. MT 59807 

Foreign Subscription Agents / for Ham Radio Magazine 

CUSTOM EMBROIDERED EMBLEMS - Enameled pins, your 
design, low m!nlmum, excellent quallty, low prlces, free book- 
let A.T Patch Co.. Oept. 65. Llttleton, NH 03561. (603) 
444-3423 

THE US QSL SERVICE IS FREE. Send your QSLs b USA 
Hams via USQSlKM7Z. P 0. Box 814. Mullno. OR 97042. 
Send SASE for return QSLs and info. 

TRAVEL-PAK OSL KIT - Converts posl cqrds, pholos lo 
QSLs Stamp brlngs clrcular Samco. Box 205c. Wynantsklll, 
New York 12198 

.- 

AMATEUR RADIO'S NEWSPAPER - WORLDRADIO. 
Latest Info One year subscrlptlon (12 Issues) only $10 World- 
rad~o. 2120-0 28th Street, Sacramento. CA 95818 

RADIO ITEMS before 1930 wanted. Buying battery operated 
rad~os. horn and cone speakers, radio tubes and parts, radio 
l~terature - books, catalogs, magazines. radlo advertising 
slgns, posters Gary Schneider. 6848 Commonwealth Blvd., 
Parma Helghts. Oh10 44130 

-. . -- 

HELP! Have Model EBC-144 Jr made by Emergency Beacon 
Coro Need loo~cs, schematics andlor maintenance manuals 
for thls rlg a rink. WB4ClZ 

-. -- 

DIGITAL AUTOMATIC DISPLAYS for FT-101's TS-520's, and 
most others SIX 112" d ~ g ~ t s  Wr~le lor lnformatlon Grand Sys- 
tems, P 0 Box 2171. Blame. Washington 98230 (604) 
530-4551 

RUBBER STAMPS: 3 I~nes $4 50 PPD Send check or MO 
lo G L P~erce 5521 Blrkdale Way. San D~ego. CA 921 17 
SASE brlngs lnformal~on 

NOTICE Your ads seen dally on our Computer Bulletin Board 
Very low rates Ads run tor 4 weeks 201 962 4956 lo see ads 
SASE for lull detalls Narw~d BBS 61 Bellol Road Rlngwood 
NJ 07456 

THE SWAP LIST has bargalns galore Subscrrbe now1 6 
months for $4 00 1 year only $6 50 The Swap Llst Box 988 H 
Evergreen CO 80439 

SCHEMATICS Rad~o receivers 1920160 s Send name brand, 
model SASE Scaramella P O  Box 1 Woonsocket RI 
02895 0001 

FOR SALE Swan 350 transceiver wlps $250 SA2040 anlenna 
tuner $125 QF 1A aud~o f~lter $50 Kantronlcs CWlRTTY In 
terlace for VIC 20 wlth programs board + cables $135 Shlp 
pang Included Send money order Package prlce $500 Wr~te 
Jlm Howell KA4EBW 18 Dan St Salisbury NC 28144 (704) 
637 0313 evenlngs 

3 KW ANTENNA TUNER WM Nye MB 1V 01 $349 00 New 
box unopened Memory keyer SKM 001 $165 00 W4LNl 3016 
Cordella Tampa FL 33607 (813) 876 5531 

REPAIR, ALIGNMENT, callbratlon Collrns wrltlen esllmales 
$25 non Coll~ns $50 KlMAN (207) 495 2215 

INTERNATIONAL MORSE CODE TRAINER for your Com 
modore or unexpanded Vlc Computer Menu drlven t 

do~urnentat~on i random tests i adjustable speed (1 25 WPM1 
arid p~tch t enters characters and hear the Morse sound 64 
verslon has addll~onal features 9 detalled lessons + user deflned 
tests 4 stra~ghl key s~mulator 20 verslon $6 00 tape only €4 
version $14 95 tape or d~ske t t~  AC3L Software Box 7 New 
Derry PA 15671 

CHASSIS and cab~net k~ ts  SASE K31WK 

1985 CALLBOOKS Prepubllcatlon orders thls month Elther 
$16 00 Both $29 00 LowIMedlum Frequency Scrapbook 
Ken Cornell 4th ed~ t~on  f~rst prlntlng $7 21$12 dealers 
101$40 Postpa~d 50 Century Prlnts 6059 Essex Street River- 
side CA 92504 (714) 687 5910 

NATIONAL RADIO CO equlpment manuals puce list SASE 
Dust covers NCX 3 or NCX 5 plus NCX A palr $8 95 PP Max 
~ m ~ l ~ a n  Fuchs 11 Plymouth Lane Swampscott MA 01907 

WANTEO RTTYlCW Software for Osborne I Tom Yocom 
21 Bayberry Road Acton MA 01720 

ELECTRON TUBES Recelvlng transmlltlng microwave 
all types available Large stock Next day dellvery most 

cases Dally Electronics 14126 Wlllow Lane Westmlnster CA 
92683 (714) 894 1368 

HAVE A-M CAPABILITY? Joln S P A M (Soclely for Promo 
tlon A M) Membersh~p IS free Wr~ t r  S P A M c/o F Dunlap 
141 13 Sloneshlre Houston TX 77060 

WANTEP Cash pald for used speed radar equlpment Wrlte 
or call Br~an R Esterman PO Box 8141 Northfleld Illlno~s 
60093 (312) 251 8901 

SELL 1850A lconoscope B 0 Fllament Rad~otron 201A 
brass rlng base wllh short prongs Raytheon 01A (1934) Heath 
model lM5238 AC voltmeter Halllcrafters S38.C G E table 
radlo - M 63 mfd by RCA W E 417A 418 and other tubes 
Stan W5TPS (501) 636 6404 

SSSS SUPER SAVINGS on electronics Darts. comoonents. 
supplies, and compuler accessorles ~ ree40page catalog lor 
SASE Get on our mallma list BCD Electro PO Box 8301 19 
Richardson. TX 75083. Or call (214) 690-1102. 

' 

- 
RCA Voll-Ohmyst WV-97A $30. WV-77C $20 Old HRO cod 
set $70. Beckman PH meter $25. KGKZT, 2255 Alexander. 
Los Osos. CA 93402. 

WANTED: Old microphones, remote mixers olher mtc relaled 
ilems. All pre-1935. Box Paquette. 107 E. National Avenue, 
Milwaukee, WI 53204. 

PORTABLE 2-meter Ouads and J-Verticals. Wrlte Radio 
Engineers, 3941 Mt. Brundage Avenue. San Diego. CA 921 1 1 

RECONDITIONED TEST EOlllPMENT $1.00 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806 

FOX-TANGO Newsletters - Slnce 1972. the prlme source 
of modd~cat~ons. Improvements, and repalr of Yaesu gear, free 
to Club members Calendar year dues stlll only $8 U S . $9 
Canada. $12 elsewhere Includes flve year cumulative Index 
by model numbers, or send $1 for Index and sample Newslet 
ler Fox Tango Club, Box 15944. W Palm Beach FL 33416 

- 

RTTY-EXCLUSIVELY for the Amaleur Teleprinter One year 
$7 00 Beginners RTTY Handbook $8 00 lncludes journal 
Index P 0 Box RY. Cardlff. CA 92007 - 
IMRA lnlernal~onal Mlss~on Rad~o Assn helps mlssloners - 
equlpment loaned, weekday net. 14 280 MHz. 2-3 PM Eastern 
Br Frey. 1 Pryer Manor Rd . Larchmont, NY 10538 - 
"HAMS FOR CHRIST." Reach other Hams wlth a gospel tracl 
sure to please Clyde Stanf~eld, WAGHEG, 1570 N Albr~ght, 
Upland. CA 91786 

TENNATEST - Antenna noise br~dge - out-performs olhers. 
accurate. costs less. satisfaction guaranteed. $41.00. Send 
slamp for delalls. WBURR, 1025 Wildwood Road. Qulncy. MI 
49082. 

WANTED: Early Hallicrafter "Skyriders" and "Super Sky- 
r~ders" w~th sllver panels, also "Skyr~der Commercial", early 
transmitters such as HT.1, HT.2. HT-8, and other Hallicrafter 
gear, parts, accessorles, manuals Chuck Dachis, WD5EOG. 
The Hallicrafter Collector, 4500 Russell Drive. Austln. Texas 
78745. 

VERY in-ter-eat-ingl Next 4 issues $2. Ham Trader "Yellow 
Sheets". POB356. Whealon. IL 60189. 

Coming Events 
ACTIVITIES 
"Places to go ..." 

RADIO EXPO '84 sponsored by the Chlcago FM Club. Satur- 
day and Sunday. September 22 and 23. Lake County Fa~r- 
grounds. Rt. 120 & 45. Grayslake, IL. Malor manufacturers 
and g~gantic outdoor flea market. Flea market opens 6 AM 
Exhlblts 9 AM. Free parklng and overnight camplng. Resewed 
Indoor flea market $5/day Tickets $3 00 advance, $4.00 at 
gate, good lor both days Seminars, technical talks and ladles' 
programs. Talk In on 146 16176. SASE to Rad~o Expo '84, Box 
1532. Evanston. IL 60204 or (31 2) 582-6923 

-- - 

ONTARIO. CANADA: The Rad~o Soc~ety of Ontario's 16th 
annual Conveqtion. October 5. 6 and 7, Westln Hotel, Ottawa 
Frlday nlght eyeball and dance. Saturday and Sunday tech- 
nlcal sessions, demonstrat~ons and commerc~al exh~bits Sal- 
urday nlght banquet and dance For tnformatlon RSO Con- 
ventlon Comm~ttee, PO Box 15806 Stat~on "F", Ottawa, 
Ontarlo K2C 357 

MARYLAND: The Columbla Amateur Radlo Assoclatlon's 8th 
annual Hamfest. Howard County Falrgrounds. Sunday. Octo- 
ber 7 8 AM lo 3 30 PM Admlss~on $3 00 XYLs and chlldren 
free Reserved tables $6 00 by September 30 $8 00 after 
September 30 Outdoor lallgatlng $3 00 Indoor lallgatlng 
$6 00 Food ava~lable Talk In on 147 7351135,146 52/52 For 
tables and lnformatlon M~ke  Vore W3CCV 9098 Lambskln 
Lane Columb~a MD 21045 992-4953 

INDIANA: The 5th annual Grant County ARC Hamfest. Satur- 
day. September 8 McCarthy Hall. St Paul's Cathol~c Church, 
Marlon Doors open 8 AM Dbnat~on $2 00 advance, $3 00 
gate Refreshments, free parklng 8 ft tables $2 00 Talk In 
on 146 19/79 and 146 52 simplex For Informatlonlt~ckets 
SASE to WDSEOI. Jlm Allman I 108 Spencer Avenue. 
Marlon. IN 46952 

PENNSYLVANIA The Mt Alry VHF ARC (Pack Rats) lnvlles 
all Amateurs and lr~ends to the 8th annual Mld-Atlant~c VHF 
Conference. Saturday October 6. Warrlngton Motor Lodge. 
Rt 61 1. Warrlngton And the 13th Pack Rat Hamarama. Sun- 
day. October 7. Bucks Counly Or~ve-~n Theater. Rt 61 1. War- 
rlngton Flea Market admlss~on $3 00 Selling spaces $5 00 
each Gates open 6 AM Ram or Sh~ne Brlng your own tables 
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Advance registration for the Conference including Hamarama 
admission $4.00. Send to Hamarama '84, P.O. Box 31 1. 
Southampton. PA 18966 or Lee A. Cohen. K3MXM (215) 
635-4942. 

sion $2.00. Dealers and Ilea market $3.00 per tailgate or table. 
Food available on ptemises. Overnight camplng for self- 
contained units only. No hookups Talk In on 146.16176 or 
146.52 simplex. 

NEW YORK: The Elmira Amateur Radio Associat~on's 9th an- 
nual International Hamfest. Saturday, September 29. 
Chemung County Fairgrounds. Gates open at 6 AM until 5 
PM. Outdoor flea market. Indoor dealer displays 01 new equlp- 
tnent. Breakfast and lunch avallable on premises. Tickets 
available at the gate or in advance from Steve Zdkosky. 118 
East 8th St . ElmIra He~ghls. NY 14903 

GEORGIA: The 11th annual Lanierland ARC Hamfest. Sun- 
day. September 23. 9 AM in the Holiday Hall of Holiday Inn. 
Galnesvllle Flea market, left loot CW contest and many other 
actlvltles Free tables and lnslde dlsplay area for dealers reser- 
vlng In advance Doors open 8 AM for setup. Talk in on 
146 071 67 For information: Phll Loveless. KC4UC. 3574 
Thompson Bend. Galnesville. GA 30506. (404) 532-9160. 

-. 

TEXAS: Tornado Alley Hamfest. sponsored by the Wlchita 
Amateur Radio Soc~ely. September 22 and 23. Nat~onal Guard 
Armory. Wlchlta Falls Saturday 9 to 5, Sunday 9 to 2. Dealer 
displays and demonstrat~ons. Large inside flea market Ladies' 
actlvit~es Nearby museums, art center and shopping. Pre-reg- 
lslratlon $4 00. $5 00 at the door Alr Force MARS, QCWA 
meetlng, OLF contest, homebrew contest and more Talk In 
on 146 34194. 147 75115. 449 301444.30 and 449,201444.20. 
For lnformat~on Wlch~ta Amaleur Radio Soc~ety, P 0 Box 
4363, Wlchlta Falls, TX 76308. 

GEORGIA: The Amateur Radlo Club of Augusta's annual 
HamfeSt. SLlnday. September 16. Jul~an Sm~th Casino Park. 
Refreshments, Bar-6-0, entertainment. Dealers welcome Flea 
Market Tlckels $1.00. 61$5 00. 131$10 00 Talk In on 
145 49-600 Hospitality room Saturday evenlng. Ramada Inn 
West, Washington Road, Rm 108-1 10. For lnlormation SASE 
to D F M~ller. 4505 Shawnee Rd , Martinez. GA 30907. (404) 
860-3700 

PENNSYLVANIA: The Skyvlew Rad~o Society's annual Ham- 
fest. Sunday. September 16. noon to 4 PM. Cltib Grounds. 
Turkey R~dge Road. New Kenslngton Registration $2.00 Ven- 
dors $4.00 

-- - -  

NEW MEXICO: Northern New Memo Hamfest. Sunday. Octo- 
ber 7, 8 AM to 3 PM. Terrero Group Shelter along the Pecos 
Rlver easl of Santa Fe Tailgate flea market, meetings, fish- 
Ing, plcnlcking, famlly fun. Admission $3 Children $1 50 ln- 
cludes hot dogs, chips and free Saturday night camplng Talk 
In on local repeaters and 52 simplex For lnformal~on SASE 
to Northern New Mex~co ARC, c/o Bob. NSEPA. Rt. 3. Box 
95-15. Santa Fe, NM 87501 or call on 3 939 MHz at 0100 UTC 

~ 

ILLINOIS: The Peor~a Area Amateur Radlo Club's Superfesl 
'84. September 15 and 16. Exposition Gardens. W. North- 
moore Rd , Peor~a Gates open 6 AM, Commerc~al Bulldlng 
at 9 AM Admlsslon $3 00 advance, $4.00 gale Chlldren under 
12 free. Amateur Radlo and computer displays, huge flea mar- 
ket. free bus to Northwoods Mall on Sunday Full camping 
facllltles on grounds. Saturday n~ght Informal get-together at 
Her~tage House Smorgasboard. 8209 N Mt Hawley R d .  
Peorla Talk In W9UVI on 146 16176 For ~nformatlon and 
reservatlons SASE to Superfest '84. P 0 Box 3461. Peorla, 
IL 61614 

-. ~- ~ 

NEW YORK: Electronics Falr and G~ant Flea Market, spon- 
sored by the Yonkers ARC. Sunday. October 7.9 AM to 4 PM, 
ram or shine. Yonkers Munlc~pal Parklng Garage, Corner of 
Nepperhan Avenue and dew Main Street All day demonstra- 
tlons; Amateur Rad~o, computers, electrlc car, satell~te TV. 
SSTV and mare G~ant auctlon 2 PM Relreshments, free park- 
Ing, facll~tles Free coffee all day Admlss~on $2 00 Chlldren 
under 12 free Sellers $6.00 per space admits one. Brlng 
tables For lnformatlon YARC. 53 Hayward Street. Yonkers. 
NY 10704. (914) 969-1053 Talk In on 146 265T-146865-R Or 
52 dlrect CB Channel 4 

-~ 

VIRGINIA: ARRL Roanoke Dlv~slon Convent~on and 9th an- 
nual Amateur Rad~o-Computer Fair, Saturday and Sunday. 
September 22 and 23. Vlrglnla Beach Pavlllon 9 AM to 5 PM 
D~splays, forums, computer equipment, glant flea market. 
ladles' actlvltles, movles for the k~ds Admlss~on $4.00 advance 
(good for both days) $5 00 at door. Flea marker tables $5 00 
one day. $8 00 both days Plan a lamlly vacatlon at beautiful 
Virglnla Beach Vlslt the Waters~de Festival Marketplace In 
Norfolk wlth 11s spec~alty shops and restaurants For lnforma- 
t~onlt~ckets~ Jlm Harrlson. N4NV. 1234 Llttle Bay Avenue. Nor- 
folk. VA 23503. (804) 587-1695 

- - -  

CONNECTICUT: The Natchaug Amateur Rad~o Assoc~at~on's 
annual G~ant Flea Markel September 23. Elks Home. 198 
Pleasant Streel. Will~manf~c Starts 9 AM Dealers 8 AM Ad- 
mlsslon $2 00 Under 16 free. Advanced reserved lables 
$5 00 $7 00 a1 door. Plenty ot food and drlnk Talk in on 52 
dlrect and 147 30190 repeater For ~nformatlon. Ed Sadeskl. 
KA1 HR. 49 Clrcle Drne, Wlllimantlc. CT 06226 (203) 456-7029 
alter 4 PM 

NEW HAMPSHIRE The Connecticut Valley FM Assoclatlon s 
8th annual Hamfest and Flea Market September 16. Klng 
Rldge Ski Area Sutton 9 AM to 5 PM, ram or shlne Adrnls 

KENTUCKY: The 14th annual Greater Loulsv~lle Hamfest and 
Great Lakes Divislon Convention. Satu~day and Sunday. Sep- 
tember 29 and 30. Kentucky Fair and Exposit~on Center. 8 
AM to 5 PM both days. Air-conditioned indoor exh~bltors' area 
and flea market Meetings and forums. Hotels across from 
Hamfesl ate. Camping available on grounds For ~nformat~on. 
Greater Louisville Hamfest Assoc~at~on, P 0. Box 34444, 
Lou~sv~lle. KY 40232. (502) 368-6657 

ALABAMA: Hosp~lality Hamfest sponsored by the Moblle 
ARC. September 1 5 and 16. Texas Street Recreat~on Center 
off 1-10, Mobile. Doors open 9 AM. Admlss~on free Actlv~tles 
for ladles, swap t a b s ,  parklng, good food and fellowsh~p Talk 
In on 146.22182 For lnlormation Porter Chambers, KI4FE. 
3320 Emelye Drlve, Moblle. AL 36609 Call 661-1160 

- 

TENNESSEE: The fourth annual Trl.Cl11es Hamlest, spon- 
sored by the Johnson Crty. Krngsport and Brrstot Amateur 
Radlo Clubs. Saturday. October 20. Appalachian Fairgrounds. 
Gray. Forums, dealers, flea market and RV hookups For In- 
formation Tri-Citles Hamfest. PO Box 3648 CRS. Johnson 
C~ty. TN 37601 

NEW YORW Ham 0-Rama and Computerlest 84. Frlday eve 
nlng, September 7. 6 PM to 9 PM and Saturday September 
8. 7 AM to 5 PM, Er~e  County Falrgror~nds Buffalo Raceway 
south of Buffalo Indoorloutdoor flea niarkets new equipment 
and vldeo d~splays, computer demon\trat~ons tech and non 
tech programs Chlcken barbeque awards and more Admls 
slon $3 50 advance After August 24 and at gate $4 50 Out 
slde flea market $3 00 lnslde $10 00 Talk In vla WPEUPIR 
146 31191 and 146 52 For lnformatlon Nelson Oldfleld 126 
Greenway Blvd Cheektowaga NY 14225 

CALIFORNIA: The Sonoma Counly Hadlo Amateur's second 
annual Ham Radlo Flea Market Saturdav. Seotember 15. 8 
AM to 2 PM Sebastopol Community ~ e n i e r  390 Morrls Sl 
Sebastopol 5 mlles west of Santa Rosa Admlss~on and park 
Ing free Tables $6 at door or $5 advance Vendor set up 7 
AM Radto cllnlc exh~b~ts refreshments auctlon al noon Talk 
In on 146 13173 For t~cketsl~nformat~on SCRA Box 116 
Santa Rosa CA 95404 

TENNESSEE Memphls Hamfest sponsored by Ihe Mid South 
Amateur Radlo Assoc~at~on Delta Rad~o Club and Memphls 
Radlo Relay Club October 13 and 1.1 Plpkln Bulldlng Mem 
phls Farrgrounds 8 AM lo 4 PM Saturday 9 AM to 2 PM Sun 
day Forums ladles actlvltles and large flea market all ~ n s ~ d e  
In alr condlttoned comfort Flea market tables $5 00 each per 
day Tta~ler hookups avallable For lnformat~on Clayton Elam 
K4FZJ 28 No Cooper Memph~s TN 381 04 (901) 274 441 8 
Days (901) 743 6714 N~ghts 

NEBRASKA: 8th annual 3 9 0  Club Hamboree and Iowa State 
Convent~on. October 12 and 13 Mar~na Inn. South SIOUX Cltv 
Sponsored by the 3900 Club and Slouxland Amateur  adl lo 
Repeater Assac~at~on Flea market exhlblts, ladles programs 
Alr Force MARS, OCWA. UHFIVHF ARRC. DX sesslon Nov 
Ice sesslon and OSL Bureau Fr~dav nlqht qet-toqether Satur 
oay n~ght banq~et,  Dr Beverly Meao spnaKer Flea marwl  
and convention $6 00 Banouel St0 00 1912 00 at Ihe door] 
Flea market tables $4 00 each All indoor lacll~ty Talk In on 
146 371146 97 For advance reservatlons Dick Pllner 2931 
Plerce SIOUX Clly IA Advance fled market reservatlons A1 
Sm~th 3529 Douglas SIOUX C~ty IA 

MASSACHUSETTS. The 1979 Amateur Rad~o Assoc~at~on IS 

sponsoring Novlce and Techn~c~anlGeneral classes slartlno 
September 18 at the Chelsea Hlgh School Chelsea MA Ad 
mlttance IS free Student pays cost of mater~als For more In 
lormatlon Frank KlBPN 1979ARA P O  Box 171 Chelsea 
MA 02150 

NEW ENGLAHD Hosstraders Fall Tallgale Swapfesl Satur 
day October 6, sunrlse to sunset at Deerf~eld NH Fatr 
grounds Admlsslon $2 ~ncludlng lallgaters Frlday n~ght camp 
Ing at nomlnal fee aller 4 PM No reservatlons Prol~ts beneflt 
Boston Burns Un~t  ol Shrlners Hospltal Last Sprlnq c dona 
loon $5.813 00 For map to norlheajt s o.qgest nam Ilea mar 
Ket SASE lo Norm. WAtlVB RFD t3ox 57 West Baonn n ME 

OPERATING EVENTS 
"Things to do ..." 

SEPTEMBER 8 The Mark Twarn ARA wlll operate WBKEM 
from 14002 to 23002 Sept 8 and 9 to celebrate the dedlca 
tlon of thp 20 000 acre Mark Twaln Lake and Clarence Canon 
Dam In East Central Mlssour~ Phone lower 25 kHz of 40 20 
and 15 meter General band Novlce operallon In 40 meter 
band For a certlflcate send legal SASE to Mark Twa~n ARA 
P 0 Box 56 Center MO 63436 

SEPTEMBER 8 AND 9 ' WE TALK SO THEY CAN WALK 
The Ararat Shrlne Rad~o Club of Kansas Clty MO wlll hold 
a talk In to beneflt the cr~ppled chtldren's hosp~tals We wlll 

host a mulli-band, multi-operator talk in from 10 AM to 6 PM 
each day. First 10 kcs of general portlon of ham bands and 
first 10 kcs of 40 meter Novice band. For any contact with club 
station. WAQNQA, you will receive a two-color cert~llcate wlth 
name and call. Send $1.00, OSL card and large SASE to J.V 
Foust. KAQGBK. 5240 N. Palmer. Kansas City. MO 641 19 
All monies will go to the crippled children's hosp~tals Your 
QSL card will be displayed In the Kansas City Shrlne Temple 
Rad~o room. 

SEPTEMBER 8 AND 9: The Rad~o Assoclat~on of Er~e (W3GV) 
will commemorate Admiral Perry's vlctory at the Battle of Lake 
Er~e  durlng the War of 1812 12002 to 01002 Saturday and 
12002 to 21002 Sunday 7 235. 14235 MHz (phone) and 
7 090. 14 090 MHz (CWIRTTY) Speclal OSL and hlstorlcal 
date on the flagsh~p N~agara vla WSGV, 4572 Southern Dr , 
E r ~ e  PA 16506 or W3 OSL Bureau for DX statlons Please 
enclose buslness SASE 

SEPTEMBER 15: The McHenrv County Wlreless Assoclatlon 
WIII sponsor Ihe 2nd annual ~ ~ ~ e d l t o o n  to Ceoar Islano  ox 
Lame, lll~nols Operallon beolns at 10000 COT on lower 20 mti7 
OI phone pORlOn of 40 a n d i d  meters An atrractrve OSL card 
will be suppl~ed for all confirmed contacts 

-- - 

SEPTEMBER 22: The Paul Bunyan Wlreless Assoc~at~on and 
the Bralnerd Area Amateur Radlo Club will sponsor a speclal 
event statlon from the slte of the Paul Bunyan Festlval near 
Bratnerd. MN from I8002 on September 22 to21M)Zon Sep. 
tember 23 Lower portlon of the General class phone portlon 
0140-10 meters Send OSL and SASE to KCQYG for a corn 
memoratlve QSL 

SEPTEMBER 22. The Alford Memor~al Radlo Club of Stone 
Mounta~n Georg~a wlll sponsor 11s f~rst annual Pig Out from 
0400 lo 22002 SSB phone and CW 10 kHz above bottom 
of General portlon of 80 10 meters For a commemoratlve ClSL 
and speclal cerl~f~cate for contact SASE wlth lnformat~on to 
Alford Memor~at Radto Club P 0 Box 1282 Slone Mountaln 
GA 30086 

OCTOBER 13 AND 14 Columbus Day lnternat~onal DX Con 
test In commemoration of Columbus Day sponsored by the 
M~aml Havana L~ons Club From 1200 GMT Saturday to 2400 
GMT Sunday Any Amateur sfallon maklng flve contacls wlth 
o f f~c~a l  Rad~o Club DX member operator durlng the 2 days wlll 
be el~glble lo apply tor the Mlam~ Havana Llons Club OSL 
award Exchange RS(T) and OTH For thls spec~al award send 
OSL s or log and 52 00 U S funds or 6 IRC s to M~amr Havana 
L~ons Club Box 674 Mlam~ FL 33135 Al the start of the con 
lest October 13 1200 GMT members of the Contest Corn 
mltlee will read the names and ass~gned numbers of the off1 
clal operators In the following frequencies 28 915 21 250 
14 250 7 230 phone 

A FAR NET AWARD CERTIFICATE offered by the Armored 
Force Arnaleur Rad~o Net Non member stallons quallflcallon 
requlrernents For baslc award non member slatlons musl es 
tabllsh 2 way contact wlth a mlnlmum ot 15 different A FAR 
NET member statlons For endorsements non member sta 
tlons must contact ten or thlrty flve addlt~onal members any 
band, any mode Conflrmatlon of requlred contacts through 
copy of log cert~hed by two other Amateur rad~o operators 
Send appllcatlon w~th 500 mrnlmum for postage elc lo Alfred 
G Beutler K2DWl A FAR NET Certlflcate Manager 36 Man 
Chester Road East Aurora NY 14052 

SPACE SHUTTLE COMMENTARY VIA OSCAR SATELLITE 
The Spaceport Amateur Repeater Club (SPARC) has been 
aulhorlzed by AMSAT to transmll Space Shultle mtsslon com 
mentary for all rntsslons on Spec~al Servlces channel H2 
145 963 MHz of AMSAT OSCAR 10 All Amateur Radlo op 
erators are lnvlled to subm~t reception reports to SPARC P 0 
Box 672 Merr~tt Island FL 32952 

AUGUST 31 AND SEPTEMBER 1 The Wlreless lnstltule of 
New Orleans (W I N 0 ) w!ll operate K5WF from the Loulwana 
World Expos~t~on -World s Fa~r 10 AM to 10 PM COT dally 
on HF bands all modes and 40 meters LSB about 7 240 MHz 
Also 75 and 20 melers propagallon allowlng A speclal corn 
rnemorat~ve OSUCert~f~cate conf~rm~ng contacts w~ll be avall 
able for a SASE'W I N 0 Box 6541 New Orleans LA 701 74 

SAY 

I ham radio! 1 
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Ham Radio's guide to help you find your loca 

California 
C 8 A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
714-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec. KDK, and more 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
813-461-4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1 91 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

lllinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu. Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

4 

Indiana 
THE HAM SHACK 
808 NORTH MAlN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

I Kentucky 
1 L&SRADIO 

307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden. Ameritron Sales and 
Service. 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Ad. 
Livonia, Michigan 48150 
31 3-523- 1850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-530. Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

NEW YORK 

ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAlN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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lmateur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 

--. 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featur~ng Kenwood. Yaesu, Icom. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECT RONlCS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird, Cushcraft. Beckman. 
Larsen. Hustler, Astron. Belden. 
Antenna Specialists, W2AUNV2VS, 
AEA. B&W. Amphenol. Saxton. J.W. 
MillerIDaiwa, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar. Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitsIParabolic. Santec, Tokyo 
Hy-Power, Dentron. Mirage. 
Amphenol, Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

DTMF Receiver Kit  Complete OTMF 
Rece~ver  (SS 1 2 0 1  1 
Recewe all 1 6  smn.  
dard OTMF dlglts 
N O  f ron t  end l l l ters  5 fi OutpuLe~ther  needed her  o r  

1 \ BCO lor rnat  
CMOS low power [29rna @ 1 2  V 0 C I 
E ~ c e l l e n t  speech ~rnrnunlty 
Includes3 58Mhz  crystal.22 pun I C socket.reslstor 
and capacttors. data sheet. schemarlcs 
"08g~t  Valid" detectton. "OV" goes hlgh after a valld 
tone p a r  IS sensed 
Make  yourown"SELLCALL.repearerdecoder,etc 
Ouantbty dtscounts ava~fnbln 

fl 145 

PRETUNED- ASSEMBLED FOR ALL MAKES AM - 
ONLY ONE NEAT SMALL  ' ATEUR TRANSCEIVERS1 
ANTENNA FOR ALL BA-  & GUARANTEED FOR 2 0 0 0  
NOS1 EXCELLENT FOR WATTS SSB INPUT FOR 
APARTMENTS! IM-  NOVICE AND ALL CLASS 
PROVED DESIGN I AMATEURS' 

COMPLETE wnh 80 n. RGSBU-52 ohm fa.dln.. and 
P L 2 5 9  conneetor Ins~Im1e1s 3 0  rt 3 0 0  b test d.cron end 
sup~ortt center cbnnsctor wkh buln In llghvllnp awestor and 
~ t a t l s  dissnatpe. LauSWR ovs. all bands -Tvlsrs unsally NOT 
NEEDEM Can be used as lnrsned V's - sbpers - In  silks, on  
bulldlnp tops w nwow MIS. The ONLY ANTENNA YOU WILL 
EVER NEED FOR ALL BANOSI NO BALUNS NEEDED! 

I SEND FULL PRICE FOR POSTPAID INSURED. OEL. IN USA. 
(Canada Is S5.00 eat,. fw ~ost.ps - c1erlc.l- customs etc) or 
order m- VISA - MASTER CARD - AMER. EXPRESS. 
Glre number and ex. dale. Ph 1-308-236-5333 SAM - 6PM 
weak dws. We shb h 2-3days.  ALL PRICES MAY INCREASE 
S A V F  . ORnFR NOW, All antennas ouarentaed lor 1 "ear. 

FREE INFO. AVAILABLE ON1 V FROM ,,.= 
WESTERN ELECTRONICS 'la 

D M .  AR- 9 Kearney. Nebmk..68847 

I Life Time Warranty - 100% Certified I s 1 80 4 e a  5'/4"SSDD $200 
OTY 10 5"."DSDD ea. * O T Y  10 

Packaged in polybags of 10 with 
labels, reinforced hubs and Tyvek 

I 
MM.5 holds 50 5Va" disks 
MM.3 ho lds 30 37/4''4q/2'' &: 
d ~ s k s  Unl ts  have self lock ing 
covers w ~ t h  easy carry hand 
les, adjustable l a b  dlvlders 
and  many other features. -- , I 

Great buy '  I 3 1 . 5  5 1 . 5  U E D U U A T E  I 
Free shlppjng In Con t~nen la l  US 11 order over 1 $25. else add 52 50 COO add  $3 00 

THERE ARE 

THE ARRL AMATEUR 
RADIO CALL DIRECTORY 
Whether you are DXCC Honor Roll 
bound orjust beginning to collect QSL 
cards for the WAS award, youll find the 
addresses you need quickly and easily. 
There are over 453,000 listings of U.S. 
Amateur Radio licensees listed alpha- 
betically in callsign order. The section 
covering club stations i s  the most accu- 
rate to be found. Only $15.75 in  the U.S. 
and $19.75 in Canada and elsewhere. 

NAME INDEX 
Have the name but need the Call? This 
handy book lists licenseesalphabetically 
by last name, then gives their call, you 
can refer to the Call Direcrory for 
address information. $25.00 in the U.S.. 
$28.50 in Canada and elsewhere. U.S. 
Listings. 

GEOGRAPHICAL INDEX 
Handy listing by State, City, Street and 
Call. Perfect for the travelling amateur. 
$25.00 in the U.S., $28.50 in Canada and 
elsewhere. U.S. Listings. 

COMBINATION PRICES 
ARRL AMATEUR RADIO CALL 
DIRECTORY AND NAME INDEX 
OR G E O G R A P H I C A L  I N D E X  
$36.50 U.S., $44 in Canada or else- 
where. A L L  THREE: CALL DIREC- 
TORY, NAME A N D  GEOGRAPHI- 
C A L  INDICES: $50 in the U.S.,$61.00 
in Canada and elsewhere. 

1984-85 EDITIONS 
HOT OFF THE PRESS 

Enclosed is  my check or money order for 
S or charge my HR 
( ) VISA ( ) MasterCard ( ) Am. Express 

Signature 
Acct. No. 
Good from - Expires - 
Name 
Address 

City State Zip 
Payment in U. S. fundsonly. Pricessubject to 
change without notice. 

V ~ s a  and  MasterCard Personal checks take 10 I davs t o  clear F l o r ~ d a  residents add 5% 

rr 110 
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~ d v e r t ~ e r s  v' 
check-of f 

ADM 82 
AEA 49 
Arlvnnrrd Con~pt#lrr  Cnnlrok lor 5 1  
A<lv.,n< nl Rt r r~ver  Rt.~.dr< 12 I51 
All Corrnn 141 143 
All Elm Irofers Ul 
Alvn~.# Trlwpr CO 70 
A m a l ~ u r  Whd-le Elmtroncs 44 
An~r l l l . l n  Iidclto R~.l,lv Lvarln!t* 149 
A1ntt111n A..vY IC~IPL. 137 
AndI<q T n  Irr>nlmly I26 
AIBI~I~P~ l r ~ v ~ r ~ l r c ~ # ~  141 
Aslrun Corp 127 
Atl.,t~la Surplwr Sal~, 84 
ATV Maq.~rtru I JH 
Aa<ttn Cu..lc,$n Anlnntkl 49 
A~~ lomr l l ,n t~  Iechn~r~u"  Inr b l  
R ~ N ~ P ,  r~ WDIIP.UTWO,, )3 

. . . for literature, in a hurry - we'll 
rush  your  n a m e  to  t h e  c o m p a n i e s  
whose  n a m e s  you "check-off" 
Place your check mark in the space 
name and number. Ex: Ham Radio .J"2'jYn 

11.1crv E l ~ ~ ~ l t ~ ~ ~ ~ ~ ~ ~  137 
13 (; M!c#o . . 101. 102. 103 
Rlrch Hdl Sales 151 
Ih~rkm.~strn Publlshnnq 84 
IIurror>\ S.#!rll~lt. 56 

ACC 102. 3m MCM 3W 
ADM 101 MFJ lfi3 
AEA 1CM MH? Elec 164 
ARR 111n M.~,I,SO~, 1135 
All Comm Iff,. 1% Martm Cng 1% 
A l l F s ~ r  lm M I  a 167 

nt~~~eta,,t~ I~,~~I,CS RR 
C Fs A RoIwtl?. ltlc 54 
Cnrld~l l  Cod Corp 
Cec o 23 
CES I 
Certtlocd Communc.~tnons 142 
Clnrrnlran~<:5 22 
Cu.~xml Dvnnrnlcs. Inc 31 
C ~ ~ r n ~ r n ~ r ~ e r i # l ~ o r ~ ~  Cnnc~p ls  In, 50 
C O ~ ~ ~ ~ ~ ~ D ~ ~ ~ ~ ~  .11101>~. SIWCI.~~P.IF I52 
Cornptscr Ira<lrr M.~q.lionv I25 
Con,wc I S V I I ~ ~ ~ ~ ~ ~  62 
Drvltvrw ?6 
Ueral t~ Electron~cs. Ohon ( D l 0 1  82. 143 
[)t<ltrn',x l"~l,,,",<~,?l <:or,, XTI 
DV.~  c)ktnI DIZC% 149 
H I Ilrdkr (:n 51, 78 
FGE, Itw 40 
t l r r  l r t ~  Corn 69 
Fnrnmm, Inr 18 
rnq~t,<*~y.r~rrl Conwlttnq I X ,  I49 
I .,,# l?,,,l#<> S,,I?$ w 
Falc<rt> (;on~rntar!cdl~ons . . . .  85 
Fluke M . ~ , ~ ~ ~ l . ~ t  II>,II*I CO . lnr 4, 61 
f o r  Tdnrlo C o r ~  142 
(iLB [Irt lron8Ls 22 
ti.t~n M.t.ilm T~IWS 123 
Ilc8fn Rd<!ru 5 l l ~ ~ o k ~ l o r e  23. 37, €8. 110, 151 
l I , I#nl f~~?~o~ 5 ,  NY 26. 27 
kl~~rftsorn Rddon 81 
Il.,lt" EIPCIIOIIIC~ 34 
Icc~m A m p r ~ ~ .  Inc Cover 11. 75 
J#>r~wn T ~ ~ ~ ~ l s  l!!~ 1111 
KLM Elerlton~rq 34 
K.III!#O~IIT\ 10. 11 

A ~ n a t w r  Whr,lv.salr 1W 
ARRL 1111 
Amnlon 1 I 1  
An;~l,xl TP' h I12 
A I 113 
A,.lrnfi 114 
A l l . t r ~ l ~ ~  Sttr~>ltts 115 
A I V M i ~ l  I l f i  
Aatrl<t> Anlet>n& 117 
Aulu Tvc hntqurs I I 8  
1% tr W ' 
H.nrry ' 
11 G M,C,O 119. 120. 121 
I l t ~ h  I 4 0 1 1  172 
Iitnc:kn,.$ster 173 
I S  124 
l l ~ ~ l l r r f r t l l  ' 

I t t  A R o b ~ r l r  175 
c.a~hk~ll Cod 126 
. 177 
( I S  128 
CI.IIIIIP~ Cnfvnnl 179 
( I ~ r ~ t r t l r o n ~ ~ s  130 
I v 131 
cwnm~o Conrcpls 132 
( omrn Stlvc 133 
(.nnrpulc.f Trmder 134 
Cor>tr.rl Svslrms 135 
(vnwvn 313 
Ill,,,, 1:3(i 
[ I I  0 137. l:B. 318 
f l ( i M  316 
I)IOOIT>.IX 139 
I I D 140 

Mw lo Marl ' 
McI . !~  Svrtems 169 
Mtr row.avt. FIIIP~ 170. 311 
M1111,111 314 
M~clwcsl 171 
M ~ r w o r ~  Radao 172 
MOIIIIII~ DOSI 173 
Mc,sCy 174. 175 176 
Mcrurrr 31 7 
Mt~ltnrore S0Mt.r~ 310 
N('t, 177 
N.IIICO 178 
N.nrn~~a 1171) 1RO 
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FRONT COVER: 
70 Years of SSB 

An early singlesideband receiver, 
designed by James Lamb in 1937, in- 
cluded provisions for duplex operation 
on 4 MHz and used the filter method 
of SSB generation. Shown within the 
schematic for Lamb's receiver is a 
state-of-the-art SSB receiver. Devel- 
oped by RCA Corporation Govern- 
ment Communications Systems under 
the guidance of Dr. Ulrich L. Rohde, 
business area director of radio sys- 
tems, the unit is a highly software- 
based experimental transceiver with 
frequency-hopping capabilities. It con- 
tains a special receiving system for 
noise blanking and uses a delay line to 
enable processing. The transceiver 
covers 1.5 to 30 MHz in transmit and 
10 kHz to30 MHz in receive in 100 Hz 
steps. Modes of operation include AM, 
CW, SSB, FSK, and frequency hop- 
ping. Particular software features are 
automatic FFT (Fast Fourier Trans- 
form) analysis of signals and tuning of 
SSB with an error of less than 1 Hz, 
frequency and memory scanning, real- 
time clock operation, and storage of 
100 frequencies with all signal para- 
meters. It utilizes a second alpha- 
numeric display with a self-help feature 
that tells the user how to activate and 
use the software-based function. It has 
an intercept point of greater than + 30 
dBm and an SSB phase noise of - 140 
dB at 25 kHz to - 160 dB at 100 kHz, 
indicating dynamic performance. AGC 
is 0.2 microvolts to 1 volt, with a 4 dB 
audio change and linearized S-meter 
look-up table in ROM. 
(These are lttst a few of the ot~tstandlng features con 
crnls ava~lat)le nri !he front panel. Ed I 

SAY 

YOU SAW 

IT IN 

ham radio! 

h 

put Typical frequency coverage 10.23510.295 GHz Full duplex operation 
Internal Gunnplexer for portable operation Gunnplexer removable for tower 

mounting in fixed location service - three shielded cables required for intercon- 
nection Powered by 13 volts dc nominal at 250 mA 30 MHz i-f laturn 
potentiometer controlled VCO tuning 220 kHz ceramic I-f filter Extra diode 
switched filter position for optional filter Dual polarity afc Rug ed twetone 
grey enclosure Full one year warranty $389.95 with 10 mLfGunnplexer 

$269.95 without Gunnplexer 

ndvanced P O S ~ W I ~  for U.S. and Cannda. CT Realdenh 

Receiver add I.% X ~ I a s  tax. C.O.D. ordan add $2.00. 
Alr mall to lorelon countrlea add 10% 

Research 
Box 1242 Burl~ngton CT 06013 203 582-9409 B m  

UHF DECODER 
ZENITH SSAVI-1 - $199.95 P 

COMMERCIAL MDS 
MIC & VISA SORRY NO C.O.D. 

ORDER INFO 

B 
1-800-433-51 69 1-81 7-460-7073 

RADIO 
r /  185 

ANTI-STATIC DUST COVERS 
for New & Old Model Amateur Rad~os. Computers Dlsk Dr~ves 
also Custom Made Over 1 M l l l~on  ln  use Send for Brochure 

Rad~o Covers Ava~lable 

ICOM Panason~c 
Bearcat Heath Kenwood Robot 
Col l~ns Henry 
Dentron Ten Tec 

BIRCH HILL SALES. P 0 Box 296 T,,I. (603) 924.7959 Peterborouqh NH 03458 ,, 122 

September 1984 151 



Food for thought. 
Our new U~livcrs;tI Tone Encoder lends its vers;ttility 
to all tastss. 'The Incnu inclucles all CTCSS. its well 
a \  Hunt Tones. 7'ouch Tones. ant1 Test Tones. N o  
counter or test ccluipmcnt rcqi~irctl to set frcquenc!.- 
just cli;tl i t  i n .  While traveling, use i t  on your An~utcur 
tr;tnsccivcr to access tone opcratci1 systc111s. or i n  
\.our scrvicc van to check oitt !.oirr custonicr~'  rc- 
pcaters: ;iIso. its a piccc of test cqirip~llcnt to rnodulatc 
\.our Service [\lonitor or s i~ni t l  generator. I t  can even 
operate off an i~ltcrri:rl nine volt hatter.. and i \  availahle 
for one day delivery. hitckccl hy our one yc;tr w;trr;tnty. 

Croup A 

127 3 3A 167.9 6% 
IOn.0 IZ 131 8 1 R  173 H hA 
10x5 I A  136 5 4% 179 V 68 

82.5 YZ 107.2 I R  141 3 4 A  186 2 7 %  
85.4 YA 110.9 2% 1-46,? 4R I92 X 7A  
88.5 Y R  114.8 ? A  151.4 5L 203 5 MI  

Frequency accuracy. + .I Hz maximum - 40°C to + X5OC 
Frequencies to 250 Hz available on \pecial order 
Continuous tone 

Croup R 
TEST-TONES: TOUCH-TONES HLIRST TONES 

IUW) 1x50 2150 24Y) 
770 I336 1650 1900 2200 2450 

1500 852 1477 1700 1950 2250 ?So() 
2175 941 I633 1750 2000 ?M 2550 
?R05 1803 ZI(W1 2 3 0  

,411 tone\ in  (irotrp A ant1 Group I3 ;ire incluilccl. 
Outplit Ic\,cl flat to within I .Sdh ovcr entire range >elected. 
Separate Icvcl acI,ju\l pot\ ; l r i i l  output c.onneclion\ for siich 
tone Group. 
lrririi~rric to KF 
F'c~uerccl h! h-30btlc.. ~~riregul;rtcil at X rlla. 
I .ON, iri ip~~~I:~ric~~~. Ion cIi\~ort~ori. ;~~l~~u~t; ihle  siriew;ivc 
O L I I ~ L I I .  5 v  pe:~h-~o-pciiL 
Iri\t;lnt \t;rrt-up. 
01'1' po\itiori h)r rio toric output. 
Kever\e polarity protection huilt- i n .  

Frequent? accuracy. r I Hz  maxrrnum - 40°C to + X5OC 
Tone length approximately 300 rn\ May he lengthened. 
\hortened or el~minitted hy changing value o f  re\i\tor 

Model TE-64 $79.95 

a 6 COMMUNICATIONS SPECIALISTS 
426 Uctt Taft Arenue.  Orange, C'rlrfornrd 92h67 
(800) 854-0547/ Cdlrfornra: (714) 998-302 1 



The New Yaesu FT-726R Tribander is the world's first multiband, multimode Amateur transceiver capable of 
full duplex operation. Whether you're interested in OSCAR, moonbounce, or terrestrial repeaters, you owe 
yourself a look at this one-of-a-kind technological wonder! 

Factory equipped for 2 meter operation, the FT-726R is a three-band unit capable of operation on 10 meters, 6 meters, andior two segments of 
the 70 cm band (430-440 or 440-450 MHz). using optional modules. The appropriate repeater shift IS automatically programmed for each 
module. Other bands pending. 

Powered by an 8-bit Central Processing Unit, the ten-channel memory of the FT-726R stores both frequency and mode, with pushbutton transfer 
capability to either of two VFO registers. The synthesized VFO tunes in 20 Hz steps on SSBICW, wlth selectable steps on FM. Scannlng of the 
band or memories is provided. 

The optional SU-726 module provides a second, parallel IF strip, thereby allowing full duplex crossband satelllle work. Elther the transmit or 
receive frequency may be varied during transmission, for quick zero-beat on another station or for tracklng Doppler shift. 

Borrowing heavily from Yaesu's HF transceiver experience, the FT-726R comes equipped wlth a speech processor, variable receiver bandwidth, 
IF shltt, all-mode squelch, receiver audio tone control.,and an IF nose blanker. When the optional XF-455MC CW fllter IS installed, CW Wtdel 
Narrow selection is provided. Convenient rear panel connections allow quick Interface to your station audlo, hear  ampllfler, and control Ilnes. 

Leading the way into the space age of Ham communications, Yaesu's FT-726R is the first VHFIUHF base station 
built around modern-day requirements. If you're tired of piecing together converters, transmitter strips, and relays, 
ask your Authorized Yaesu Dealer for a demonstration of the exciting new FT-726R, the rig that will expand your DX 
horizons ! 

Price And Specifications Subject To 
Change Without Notice Or Obligation 

The radio. 
YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (21 3) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 4501 1 (51 3) 874-31 00 



TS-430s "Digital DX-terity!" 
Eight memories store frequency, AT-250 automatic antenna tuner was 
mode, and barid data, with Lithium designed primarily with the TS-430s 
battery memory back-up. Memory in mind, and for those who prefer to 

Digital DX-terity...that Outstanding scan and programmable automatic "roll their own:' the AT-130 antenna 
attribute built into every KENWOOD band scan help speed up opera- 
TS-430s that lets you QSY from 

tuner is available. The FM-430 FM 
tions. An IF shift circuit, a tuneable unit is available for FM operations. 

band to band, frequency to fre- notch filter, and a Narrow-Wide 
quency, and from mode to mode 

The YK-88C (500 Hz) or YK-88CN 
switch for IF filter selection help 

with the speed and ease that will 
(270 Hz) CW filters, the YK-88SN 

eliminate QRM. It has a built-in SSB filter, and the YK-88A AM filter give you a position in DX speech processor, A fluorescent 
operations. may be easily installed for serious 

tube digital display makes tuning DX-ing. An MC-6OA deluxe desk 
KENWOOD'S TS-430Sn a easy and fast. An all-mode squelch microphone. MC-80 and MC-85 lutionary, ultra-compact, HF trans- circuit, a noise blanker, and an RF communications microphones, an ceiver has already the hearts attenuator control help clean up the MC-42s mobile hand mic.. and an of radio Amateurs the world over. signal. And there's a VOX circuit, MC-55 8-pin mobile microphone, 

It 'Overs 160-10 including plus semi-break-in. with side-tone are available, depending on your 
the new WARC bands rnOdi- All-in-all, it just could be that the requirements. TL-922A linear ampli- fied for HF MARS). Its high dynamic expression "Digital DX-terity" is a bit fier (not for CW QSK), SM-220 sta- range receiver tunes from 150 kHz- of an understatement. tion monitor, PC-1A phone patch. 30 MHz. It utilizes an innovative UP TS-430S Optional Accessories: 
conversion PLL circuit for superior 

SW-2000 SWRIpower meter 160 - 6 

frequency stability and accuracy. In typical KENWOOD fashion, there meter, SWlOOA SWR/powerlvolt 

Two digital VFO's allow fast split- are plenty of optional accessories meter 160-2m. HS-4, HS-5. HS-6, 
for this great HF transceiver. There HS-7 headphones, are also available. 

frequency operations. A choice of 
USB. LSB, CW, or AM, with FM is a special power supply, the More information on the TS-430s 

optional, are at the operators finger- PS-430. An external speaker, the is available from authorized dealers 

tips. All Solid-state technology pe SP-430, is also available. And the of Trio-Kenwood Communications, 

mits inputs of 250 watts PEP on MB-430 mounting bracket is avail- 1111 West Walnut Street. 

SSB, 200 watts DC on CW, 120 
able for mobile operation. The Compton. California 90220. 

watts on FM (optional), or 60 
watts on AM. Final amplifier : 

protection circuits and a 
cooling fan are built-in. 

',,>(V'!frl.dllO"S :rnd prices arc s!;t)!f?cl lo r - t 1 : 1 r 8 < ~ - ~  r..l:.i,f~c~!,r rlc!rJcr. or obl1pl?r10:1 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156

