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32 full function memories / 
subaudible tones / PLL locked 
to 10 Hz / two colbr florescent 
display / RIT readout i xanning 
new size. 

32 Memories. Each 
memory holds frequency. mode. 
offset direction, offset frequency 
and subaudible tone for easy 
return to an oft used frequency 
or for remembering a new 
repeater or simplex frequency. 

Subaudible Tones. 
Subaudible tones are selected 
by rotating the maln tuning 
knob. These tones may then be 
stored into memory along with 
the frequency, offering ease of 
operation. 
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NEW DISPLAY 

Phase Lock Loop., Extremely 
low noise and good signal to 
noise ratlo PLL design allows the 
IC-471A to lock to 10 Hz for 
extreme accuracy. 

New Display. ICOM's new 
easy-to-read two color florescent 
transceiver situation display 
shows frequency, mode. offset 
direction, VFO in use, memory 
channel, and RIT offset direction 
and amount. 

Scanning. Scanning of 
memories, programmable band 
scan, and mode scannlng are 
available and easy to use. 

New Size. Only I l':n"W x 
43h"H x 1034"D the IC-471A is 
styled to look good and 
engineered for ease of operation. 

IC-45A 
UHF/FM Moblle 
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IGRP3010 
FM Pepeater 

NOW a 10 watt 
440 MHz FM 
re&atei from the 
leader In VHF 

'I comrnunlcations. 
The IC-RP3010 
features high 
stability crystal 
controlled channel: 
CTCSS system, ID'er. 
remote control 
through a DTMF 
decoder and 
microprocessor 
controlled c~rcuitry. 

The World System 
H 146 lCOMAmerlco,lnc., 21 12-1 161h Ave NE. Bellewe. WA 98004t206)544155 / 3331 T m e w o d  h. Suite307, Dallas,TX 75234(214)620-27M 
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advanced analytical techniques for optimum 
performance and mechanical reliability. 
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government, commercial and amateur 
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window on the world - the "foreign" press 
It's always interesting to examine the approaches taken by others in solving problems common to all of us. 

At ham radio, we have the opportunity to provide readers with a window on the world of Amateur Radio. Dozens of 
foreign language publications pass over our desk each month*; and as we promised last year, we'll do all we can to 
provide technical notes, articles, and other items of interest carefully selected from these numerous and informative 
sources. 

In our lead article VK3AFQ provides us with a view of technical requirements facing Australian hams in 1983. Not 
surprisingly, we, here in the States, have the same situation - how to specify and measure rf power. 

Up till now we have met the FCC stipulated power requirements by measuring the dc power input to the final ampli- 
fier stage (including drive) while keeping it under 1 kW. Recent discussions have focused on increasing that power 
level to 1500 watts of PEP output. It's a simple enough matter to measure dc power input - plate voltage x plate cur- 
rent. But how do you measure PEP output? We return to the land down under and see how VK3AFQ solved the prob- 
lem simply and effectively in his article, "Measurement of PEP Output Power." 

While still "down under," three magazines that have provided Australian and New Zealand hams with the latest in 
technical information are Amateur Radio, (VK); Amateur Radio Action, IVK); and Break-In, (ZL). Ron Cook, 
VK3AFW, in his "Novice Notes" (Amateur Radio, February, 1983) addresses a situation many of us now face - the 
need to provide a low VSWR load (antenna) to our solid-state rigs. His article discusses antenna tuners including the 
L, T, and Pi networks, the ultimate transmatch, and a special wide-range tuner while providing theory and application 
information. 

A very popular antenna these days, especially with the lower band (40, 80, 160) enthusiasts is the delta loop. Prob- 
ably one of the best descriptions of its operation recently appeared in Amateur Radio Action. In the March, 1983 
issue, VKZEAO details "Loaded Corner-Fed Delta Loops." After a brief historical description of its development the 
author provides construction details extending this antenna's use to any of the hf ham bands. 

Satellite users will find some notes of interest in New Zealand's Amateur journal Break-In. The regularly featured 
column "Satellite News" by ZLITGC provides the latest data on the Phase 111-8, UO-9, RS-8, and RK-03 (Iskra-3) 
"birds" perhaps from a different slant. For example, if you'd like to know what the UoSAT satellite is experiencing in 
space, examine the detailed telemetry information from its sensors provided on channels 00 through 59 as delineated 
in this February's column. 

Rotating our sights to the northwest we briefly pause to examine Japan's monthly journal, CO ham radio. This 500 
plus page magazine features columns for SSTV, RTTY, VHF, UHF, and Microwave enthusiasts, to name just a few. 
For example, in the March, 1983 issue, construction details, polar and VSWR plots are provided for a 36-element 2400 
MHz single boom Yagi. Being a lower band "aficionado," I can't help but notice the 14 page DX "column" and won- 
der how I could possibly have recently missed so many 80-meter stations such as A92NH, DU1 PJS, HLBCCA, 5V7AL 
and 9NlRFT - all heard from Japan. It's necessary to mention that except for a single page column called "The Eng- 
lish Service of CQ ham radio," all the rest of the magazine is in Japanese. 

Continuing in a clockwise rotation, we arrive at the British Isles and notice English language publications such as 
Radio Communications, The Short Wave Magazine, Practical Wireless, and Radio and Electronics World. Though the 
last one is not specifically dedicated to Amateur Radio, it includes several articles of direct interest to hams. An excel- 
lent article by A.J. Rogers in the April, 1983, issue on "Crystal Filter Design" provides useful data for the experimenter 
to enable him to develop his own. One example illustrated in the article is a 6-crystal filter featuring a half-power band- 
width of k4.5 kHz, 60 dB bandwidth of + 12.5 kHz with a maximum passband ripple and insertion loss of 1 and 1.75 
dB, respectively. Imagine putting one of these in front of your receiver on your favorite band. It should go a long way 
toward reducing that neighboring ham's strong signal 20 kHz away from you. 

From this editor's position, I see so many articles that would be of interest to you, the reader. For example, across 
the channel in France we have two excellent ham magazines, Megahertz and Ondes Courtes Informations (Short 
Wave Information). This month they feature articles on . . . But wait. I'll tell you about them and others in future 
issues - if you'd like. Let me know your thoughts. 

Rich Rosen, KZRR 
Editor-in-Chief 

'An SASE to me will provide you with the latest address and subscription information on these journals. 

4 June 1983 
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You can DX and receive weather 
charts from around the world. Easy to order. 

Tune in on free, worldwide government weather services. Only $995 for the complete ALDEN Weather 
Some transmitting sites even send weather satellite cloud Chart Kit. To fill out and mail the coupon 
cover pictures! below. For cash orders enclose a check or money order 

for $995. Add $5 for shipping and handling in the U.S. 

You've heard those curious facsimile and Canada (for ~assachusetts delivery, add $49.75 
sales tax). To use your MasterCard or Visa by phone, 

sounds while tuning through the cat t (617) 366-8851. 
bands- now captuk these signals 
on paper! 

Assemble ALDEN'S new radiofacsimile Weather Chart 
Recorder Kit, hook it up to a stable HF general-coverage 

ALDENELECTRONICS 
Washington Street, Westborough, MA 01581 

receiver, and you're on your way to enjoying a new hobby r---m----~~~m~m--~-m--------mm 

activity with many practical applications. Amateurs, pilots, I 
1 

NAME 
I 

and educators can now receive the same graphic printouts I 
of high-quality, detailed weather charts and oceanographic I 
data used by commercial and government personnel. I 

I 
I ADDRESS: I I 

Easy to assemble- Backed bv the ! CIN: STATE: ZIP: ! 
ALDEN name. 
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TRAGEDY IN THE SOUTH CHINA SEA ENDED A DXPEDITION to Spratly Island April 10. Two of 
the four Amateurs in the all-German group died as a consequence of Vietnamese shellfire 
after their chartered catamaran strayed too close to an occupied atoll in the hotly dis- 
puted islands. After the vivid on-the-air account of the attack ended abruptly. the fate 
of the four DXers, their vessel and its two-person crew was unknown for over a week until 
a Panamanian freighter, the Linden, pulled the four survivors from a liferaft. 

DJ6SI and DF6FK Survived The Unprovoked Attack, while DJ3NG and DJ4EF both died. 

THE ARRL'S OPPOSITION TO A "NO-CODE" LICENSE WAS FIRMLY MAINTAINED by the directors at 
their A ~ r i l  21-22 meeting. Des~ite recent indications of a more conciliatorv attitude On 
the part of some League staff, Hnd strong support for a codeless license by several of the 
directors, the outcome of the meeting was a resolution "stating in the strongest possible 
terms the opposition of the League to the creation of an Amateur license class that does 
not require demonstration of a knowledge of Morse Code." 

ADDITIONAL PHONE FREQUENCIES ON 75, 15,AND 10 METERS were proposed in a new FCC Notice 
of Proposed Rule Making that accompanied the 20-meter expansion announced in last month's 
!resstop On 75 meters the FCC proposes moving the lower phone limit down 25 kHz to 3750 
or Extras, to 3775 for Advanced, and to 3850 for Generals. On 15 meters 21200 would be 
the new bottom edge for Extras, 21225 for Advanced, and 21300 for Generals. The 10 meter 
phone band would start at 28300, a full 200 kHz lower for these three license classes. 

40 Meters Would Remain As Is For All U.S. Amateurs except those in Hawaii and nearby 
islands. In those areas the phone band edge would be lowered to 7075 kHz, to bring their 
phone privileges in line with those of others in the Pacific area. 

Comments On The Additional Expansion Are Due July 1st; Reply Comments August 1. The 
same docket number as before. PR Docket 82-83. still a ~ ~ l i e s  

The New 14150-14200 Phone Allocation ~ecame ~vailabi; to U.S. Amateurs May 22. 
The Commission Proposal To Extend The Term Of Amateur Licenses to 10 years has been 

designated PR Docket 83-331. Comments are due at the FCC June 13, Reply Comments July 13. 

LAUNCH OF THE PHASE 111-B SPACECRAFT HAS BEEN DELAYED AGAIN, probably into July. After 
checkout of the new Amateur satellite was com~leted in Germanv. MISAT eneineering VP W3IWI 
and AMSAT-DL Amateurs took the bird to the ~o;rou, French ~uiana launch site foruintegra- 
tion with the Ariane launch vehicle. Now, however, problems have developed with Ariane 
that are likelv to ~ u s h  the actual launch back at least another month. 

An ~xtensiv; ~auhch Day Net Operation Has Been Planned, to provide AMSAT members and 
other interested Amateurs with last minute develo~ments as the launch ~roceeds. The launch 
day net will begin operation at 11302 the day of the launch on the reg;lar AMSAT net fre- 
quencies: 3850, 7280, 14282, and 21280 kHz. Net operation will continue through the launch 
window (about 3 hours) or until the launch vehicle and its careo are in orbit. 

For The New ~aunch. Date Check The AMSAT Domestic Nets on ~ u e s d a ~  evening (Wednesday 
morning GMT) starting at 02002 on 3850 kHz, or WlAW bulletin. 

CB AND RADIO CONTROL LICENSING WAS ELIMINATED at the FCC April 27th Agenda Meeting. 
Effective immediately no CB or RC licenses will be processed though the effective date 
had not been set at press time. 

W5LFL/SPACESHIP MOBILE IS NOW DEFINITE and will become a reality when the Spaceship 
Columbia carries the ioint U.S.-European Saacelab aloft on the STS-9 flight the end of 
September. operationuis to be simplex on the low end of 2 meters to give Amateurs in other 
ITU regions, where the band is 144-146 MHz, a chance to work W5LFL. He'll operate about an 
hour a day, during "off duty" periods, with an operating prokocol that's still being worked 
out that's hoped will avoid the typical DXpedition "pileups. 

Operation Will Be Conducted By FCC Rules Under International Procedures established at 
the s notification of the appropriate agency 
well in advance of such an operation, though at press time no notification had been received 
by the FCC. Scheduled date of the STS-9 launch is September 30. 

DAYTON HAMVENTION'S "HAM OF THE YEAR" IS KHGIJ, who's internationally known as one of 
the world's  to^ contest o~erators but whose lifelong efforts in promoting Amateur Radio are 
equally impressive if less well known. The ~amventron "Special kchievement Award" went to 
Lenore Jensen, WGNAZ, for her outstanding success in promoting public recognition of Ama- 
teur Radio. It's been principally through her efforts that so many celebrities took part 
in the ARRL sponsored Public Service Announcement program. Congratulations to both! 

FCC COMMISSIONER ANNE JONES HAS ANNOUNCED HER RESIGNATION from the Commission to return 
to private law practice. Ms. Jones has been a real friend of Amateur Radio since becoming 
a Commissioner in 1975, with a better-than-average understanding of Amateur concerns. Her 
valuable contributions will be missed. 

ADDITIONAL -. - FREQUENCIES FOR CORDLESS PHONES WERE PROPOSED by the FCC in a March 31 Notice 
of Proposed Rule Making. The new frequencies, between 46.6 and 47 MHz, would supplement the 
present 49.6-50 NHz frequencies on a five-year interim basis until a more suitable permanent 
spot could be found for the burgeoning portable phone industry. 

Interference To Amateur 160 And 80 Meter Operation by the base station portion of cordless 
phone systems, w ic operate aroun MHz, as ecome a growing problem. It's hoped this 
new FCC proposal: Gkneral Docket 8$-:2:, can Lelpbto end this interference. 

6 a June 1983 
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switching circuit 
Dear HR: 

The switching circuit described by 
Fred Dahnke, WBGIQV, on page 70 
of the January, 1983, issue of ham 
radio may cause problems in many of 
the newer GM automobile radio sys- 
tems. Neither side of the speakers in 
the newer systems is grounded, and 
introducing a ground, as in the draw- 
ing, may cause component failure 
within the radio. 

Modifications to the circuit may be 
made so the speaker system remains 
balanced, both with the speaker, and 
a load resistor, yet work with the un- 
balanced configuration for the two- 
way radio. On the other hand, some 
consideration must be given to the 
fact the car radio speaker system will 
be open during the switching time of 
the relay, and the possibility of dam- 
age to the radio because of this. 

The final decision is up to the vehi- 
cle owner, and the above must be 
weighed in this consideration. 

Sheldon Daitch, WA4MZZ 
Louisville, Georgia 

wire sizes 
Dear HR: 

I noted in Forrest Gehrke's article 
("A Precision Noise Bridge") in the 
March issue of ham radio that you 
have religiously converted English 
units to metric. This has become a 
popular custom in many publications 

even though such a procedure is fre- 
quently cumbersome, and sometimes 
even improper. 

One good example is in converting 
wire gauges (the machine tool indus- 
try dropped that useless "Micro" thir- 
ty years ago) to a dimension in milli- 
meters. Giving a wire size as "No. 
24" is a wire size, but 0.5 mm is not a 
wire size. To be perfectly explicit, the 
size should be given as, for example, 
No. 24 AWG (for American Wire 
Gauge), or BBS for Brown 8 Sharpe, 
or Birmingham, or Stubs, or Wash- 
burn & Moen, or Imperial, to name a 
few). 

If you want to be completely con- 
fused, take a look at some wire tables 
such as those in the Handbook of 
Chemistry and Physics. While you are 
at it, you might notice that successive 
wire size numbers are 1 dB (voltage) 
apart. Thus if you can remember that 
No. 16 B8S is 0.05083 inch (0.1291 
cm), you can figure out the other 
sizes with fair accuracy. 

But please, don't confuse wire 
gauges with the metric system. They 
are simply a preferred number'system 
based on a logical progression of 
diameters no matter what units are 
used. 

Donald E. Williamson, K4HVI 
Miami, Florida 

data bandwidths 
Dear HR: 

In the article "Data Bandwidths 
Compared" (December, 1982, ham 
radio) the suggestion that phase 
modulation permits transmission of 
data at a rate faster than the corre- 
sponding receiver bandwidth is very 
misleading. Granted the sidebands 
may be more than 15 dB down, but 
those sidebands become increasingly 
important as the data rate goes up. 
The author notes that the error rate is 
higher; I wonder whether he consid- 
ers 50 percent errors satisfactory for 

800 BPS transmission through a 400- 
Hz channel. 

A more useful study would have in- 
cluded bit sequences other than the 
(1,0,0,1,0,1,1,0) in the examples. 
Though this may be random, it is by 
no means the only possible eight-bit 
sequence. Each has a different spec- 
trum. A proper analysis would have 
found the average spectrum from all 
possible eight-bit sequences. 

This article had a lot of potential. 
I'm afraid it will leave many readers 
with some incorrect ideas about data 
rates and channel bandwidths. 

Dick Simpson, W6JTH 
Palo Alto, California 

the battlefield 
Dear HR: 

The editorial "The Battlefield" by 
K2RR calls for respect for the DXers' 
right to 3795-3800 kHz. Before many 
Amateurs could respect special DX 
frequencies, they would first have to 
respect the wham-bam, touch-and- 
go-type of contacts. Today's DXing 
is very disappointing for those Ama- 
teurs who have known DXing as a 
means of gaining a personal or mean- 
ingful acquaintance w i th  foreign 
hams. Too many so-called DXers, I 
believe, have only graduated from 
matchbook collecting, and their DX- 
ing techniques do not deserve any 
special respect. 

Warren U. Amfahr, W0WL 
Des Moines, Iowa 

good job 
Dear HR: 

I'm writing to let you know that I'm 
renewing my subscription because of 
your February issue. I hope you keep 
having articles on UHF/microwave 
equipment. There are too many gen- 
eral-interest articles and magazines. 
Keep up the good work. 

Denney Pistole 
Port Hueneme, California 

8 June 1983 



I Hear 

Weather 1 
on 2 Meter Handhelds with 
this MfJ VHF Converter. 

Scanning 
Handhelds 

become 
Palice/Fire 
Scanners 

MFJ-313 

I New MFJ VHF converter turns your synthe- 
sized scanning 2 meter handheld into a hot I hlice/FireNYeather band scanner. 

144-148 MHz handhelds receive Police/Fire 
on 154-158 MHz w ~ t h  d~rect frequency readout. 
Hear NOAA weather. maritime coastal plus 
more on 160-164 MHz. 

Mounts between handheld and rubber ducky. 
Feedthru allows simultaneous scanning of 

both 2 meters and Police/Fire bands. No mis- 
sed calls. 

Highpass input filter and 2.5 GHz transistor 
gives excellent uniform sensitivity over both 
bands. Crystal controlled. 

Bypass/OFF switch allows transmitting. 
Won't burn out if you lransmit (up to 5 watts) 
with converter on. Low insertion SWR. Uses 
AAA battery. 2%x11/7x1'/1 in. RNC connectors. 

Enloy,scanning, memory, digital readout, etc. 
as provtded by your handheld on Police/Fire 
band. 

220 MHz Converter for 2 M Handhelt 
MFJ-314 MFJ-314, like MFJ-313 

but lets you receive 221- $5Qg5 . :;;;;;,on your 2 meter 

P o l i c e / F i r e / W e a t h e r  Band Con- 
verter for 2 Meter Mobile Rigs. I 

MFJ-312 

,5gg5 
MFJ-312, like MFJ-313 but for mobile 2 

meter r im.  Transmit up to 40 watts -on- 
verter wtthout damage. SO-239 connectors. 
Mob~Ie mount in^ brackets. Ruaaed "ON" I 
LED. Use 12 v ~ C  or AAA battery. 3~4x1 in. 

Order from MFJ and try it-no obligation. If 
not delighted, return i t  within 30 days for I 
refund (kss shipplnq) One year-uncond~t~onal 1 . - - ~p~ 

guarantee. 
Order today. Call toll free 800-647-1800. 

Charge VISA. MC or mail check. money order 
for amount indicated olus U.00 each shiooina. 

L a r  oollce/fire/weather. Order now. " " 1 

USA tech/order/repa~r ~ n f n  Telex 53 4'190 1 
ENTERPRISES, M F J INCORPORATED I 

- - - -  

p x  494, ~ ~ s l s s l ~ ~ l  State. M S  39762J 

M o r e  Deta i ls? CHECK-OFF P a g e  103 

%FJ DUMMY- 
LOADS 

Tune up fast into 50 
ohm resistive load. 
Extend life of finals. 

bigb qud* 

oil. 

NEW MFJ-250 VERSALOAD Kilowatt Dummy 
Load lets you tune up fast. Extends life of trans- 
mitter finals. Reduces on-the-air ORM. 

Run 1 K W  CW or 2 K W  PEP for 10 minutes, % 
K W  CW or 1 KW PEP for 20 minutes. Contlnws 
duty with 200 watts CW or 400 watts PEP. Com- 
plete with derating curve. 

(luallty 50 ohm non-inductive resistor. 
011 cooled. Includes high quality, industrial 

grade transformer oil (contains no PCB). 
Low VSWR to 400 MHz: Under 1.2:1, 0-30 

MHz. 1.5:1, 30-300 MHz. 2:l. 300.400 MHz. 
I d w l  for tettlng HF and VHF transmitters. 
SO-239 max connector. Vented for safety. 

Removable vent cap. Has carrying handle. 
7-1/2 in. high, 6-5/8 In. diameter. 

MFJ "Dry" 300 W and 
1 ~ W m m y  Loads. 

"dg5 
MFJ-262 

t2695 
MFJ-280 

dlr cooled, no~ lndue t lw  50 ohm m l r t o r  i n  
perforated metal housing wlth 50-239 connect- 
ors. Full lead for 30 seconds, derating curves to 
5 minutes. MFJ-260 (300 W). SWR: 1.1:l to 30 
MHz, 1.5:l for 30-160 MHz. 2l/w2%x7 in. 
MFJ-262 (1 KW). SWR 1.5:l for 30 MHz. 
3 x 3 ~ 1 3  inches. 

M FJ H F SWR/Wattmeter 

$ 2 9 9 5  
MFJ-816 

NEW MFJ-816 low cwt HF SWWWltbmter for 
1.8 to 30 MHz range. Torodlai current pickup 
gives uniform sensitivity over entire HF fre- 
quency. Rwd SWR, forward and reflected power 
in 2 ranges (30 and 300 watts) on two color scale. 
SO-239 coax connectors. 4-112x2-3/8x2-7/8 in. 

Older from MFJ and try it. if not delighted, 
return it within 30days for refund (less shipping). 

One year unc~ndltlolul gurnntse. 
Order today. Call TOLL FREE 80b6CI-lMO. 

Charge VISA,MC. Or mail check, money order. 

601-323-5869 In MS. outside ~Ontlflental USA. 

MFJ ENTERPRISES, 
INCORPORATED 

Box 494, M l e r l r ~ l p p l  State, M S  38782 

MFJ 
1 

I24 HOUR 
I CLOCKS 

Your cholce: dual 24 hour LCD 
display, or 24/12 hour wlth ID 
timer, or 12 Inch quartz analog. 

$39 95 
DUAL 24 HOUR LCD 

MFJ-104 

Two Independant 24 hour LCD displays! Read 
both GMT and local times at a glance. 

Six digit maln display has seconds readout. 
Four d lg~ t  aux~l~arv. Sw~tch reverses main/aux. 

Alarm plays 4 selectable melodies. Alarm 
"ON" ~nd~cator. Snooze button. 

Quartz tlmlng. Synchronizable to WWV. 
Flip-top cover serves as stand. 
Night light. Forwardheverse, fast/slow set 

buttons. Lock function prevents mis-setting. 
Display maln time only, main/auxiHary or main/ 
alarm time Includes battery. 4x2x1/2 inches. 

-- .. .- - - 

24/12 HOUR, ID TIMER $ 
MFJ-102 3295 

Swltchable 24 hour GMT or 12 hour format. 
ID tlmer sounds every 9 minutes after reset. 
Swltchable seconds readout. 
Observed timer. Just start clock from zero 

and note time of event up to 24 hours. 
Brlght blue 0.6" vacuum fluorescent digits. 
Alarm with snooze function. Synchronizable 

with WWV Fast/slow set buttons. Lock func- 
tion prevents mis-setting. Power out, alarm 
"ON" tndicators. 110 VAC. 60 Hz (50 Hz with 
simple modification). UL approved. 

Black, brushed alumlnum top/front. 6x2~3" .  

24 HOUR QUARTZ 

$i9i5 
True 24 hour quartz 

wall clock has huge 12 
inch d~ameler  face. 
Glves excellent visa- 
bility across computer 
/radio room. 

Fifteen seconds per month accuracy. 
Single "AA" battery provides over one year 

operation, ~mmun~ty from power line failure and 
eliminates power cord. 

Sweeo second hand. Brown hi-imoact case. 
Glass fiont. 24 hour military time format. 

Order from MFJ and try It. If not delighted. 
return with~n 30 da s for refund (less shipping). 

One year uncondhonal guarantee. 
Order yours today. Call toll free 800-647-1800. 

Charoe VISA. MC Or mail check. lnonev order. 
1 ~ d d ' k 4 . 0 0  cach for shiooina and ha'ndlina. 

I Call 601-313 5Ab'l I D  Misi  oi:tsidr: conlrierital 
USA. lech/ re~a~r  ~n fo  Telex 53-4590 MF.J STKV 

- - - -  \ BOX 494. Mitr issipp~ State. MS 39762 1 
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measurement of 
PEP output power 

Instantaneous indication 
of peak levels 

with a multi-lamp 
LED display 

Ever since single sideband first became popular 
among Amateurs in the early 1960s, a problem has 
existed which has plagued both the Amateur and the 
regulating authorities. The problem has been to  
accurately measure the output power of an SSB 
transmitter when actually on the air - especially 
when operating near the maximum legal limit. Most 
countries specify a maximum power level that must 
not be exceeded by the Amateur. In the U.S.A., a 

Interior view of a 50-watt model PEP indicator. The assem- 
bly slides into an extruded aluminum case. The sampling 
head is contained in the rectangular housing at the rear. All 
other components, including the power supply, are 
mounted on an L-shaped PCB. 

limit is set on the allowable dc input power to the 
final amplifying devices - be they valve or solid 
state. In Australia, the United Kingdom, and many 
other countries, a limit is set on the allowable peak rf 
output from a transmitter. 

While measurement of peak output power has 
much to commend it in terms of the extra freedom it 
gives to the designer of the transmitter, the problem 
of accurately measuring this peak output power per- 
sists. The Australian and British authorities recom- 
mend use of an oscilloscope and a two-tone oscilla- 
tor to establish the permissible limit of 400 watts PEP 
output, and then impose a requirement on the indi- 
vidual Amateur not to exceed this limit when in 
actual operation. This method is, at best, clumsy, 
and it has the additional drawback'that the recom- 
mended equipment is expensive. Furthermore, the 
oscilloscope method really requires a long-persis- 
tence tube if any worthwhile degree of control is to 
be exercised. It is the purpose of this article to de- 
scribe a simple device which can be used to accu- 
rately measure peak output power and which uses a 
dc voltage for calibration purposes. 

Consider first the completely conventional method 
of measuring rf voltages. Fig. 1 is typical of the sort 
of "rf voltmeter" that has been described in the liter- 
ature for decades. A diode in series with a capacitor 
is placed across the load. Provided the source gives a 
steady rf output, the capacitor then charges to the 
peak value of the rf waveform and this voltage can be 
measured with a normal, high-impedance dc volt- 
meter. 

However, in the case of SSB, the output is not 
steady but varies at a syllabic rate. The normal mov- 

By H.L. Hepburn, VK3AFQ, 4 Elizabeth Street, 
East Brighton, VIC, 3187, Australia 
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threshold circuit 

fig. 1. Conventional rf voltmeter. 

.- 

OIOOE 

ing coil or taut band meter movement has consider- 
able mechanical inertia and is not able to follow fast 
variations in level. Indeed the meter will act as a sort 
of integrator and, to an extent which is set by its me- 
chanical construction, will tend to average out the 
peaks of the speech waveform. Under these circum- 
stances, it is just not possible for a mechanical device 
to register the fast peaks which cause over-limit 
operation. (Editors' note: The manifestations of 
which can be splatter, broad signals, and bad feel- 
ings on a crowded band.) This deficiency in mechani- 
cal meter movements makes the measurement of 
peak speech power impossible regardless of whether 
the license limits are defined in terms of input or out- 
put power. 

What's needed is a device that gives an accurate 
and unambiguous indication when license limits have 
been exceeded. Calibration of such a device should 
preferably be by way of easily measured dc voltages. 

Before I describe such a device, a few relationships 
are provided as background: The relationship be- 
tween the voltage on a feedline having a 1: l  SWR 
and the peak output power into the load is given by 
the formula: 

RF SOURCE 

where E is the instantaneous voltage on the feedline; 
Pis the peak power in watts; and 
R is the load resistance in ohms. 

' b  

-- CHARGE 
/-\ CAPACITOR 

In the case of the conventional 50-ohm antenna sys- 
tem, this expression simplifies to: 

E = 1 0 f l  

Working with the Australian "allowance" (that is, 
maximum power limit) of 400 watts PEP output, the 
voltage on the 50-ohm feedline must not exceed: 

10 ,mi7 = 200 volts 

Thus, to meet the Australian license requirements, 
this 200 volts on the 50-ohm feedline must not be ex- 
ceeded at any time. 

Fig. 2 is a circuit diagram of a simple over-limit in- 
dicator. It shows whether the voltage on the 50-ohm 
feedline has or has not, even momentarily, exceeded 
200 volts (or 400 watts PEP) into a 50-ohm load. 
First, the voltage on the line must be reduced in a 
controlled fashion so that the capabilities of the 
diode are not exceeded. A resistive divider is used, 
which, at dc only, has a divide-by-5 ratio. At rf this 
ratio can still be maintained with the addition of sev- 
eral compensating components. The method of 
compensating the divider is detailed later. 

At the output of the primary divider, the 400 watts 
peak on the feedline is now represented by: 

-. 2F = 40 volts 

Forty volts is still a bit high for solid-state devices, so 
a secondary divider consisting of a 5.6 megohms in 
series with a 1.2-megohm fixed resistor and 1.0-meg- 
ohm trimpot is used. This secondary divider has a 
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fig. 2. Single-stage indicator. 



nominal ratio of 4: l  so that when it's adjusted, the 
original 200 volts on the feedline is now reduced to 10 
volts. Since the output from the sampling head after 
rectification is audio with frequency components up 
to only 3 kHz, no compensation of the secondary di- 
vider is necessary. 

Output from the secondary divider is buffered 
using a high-input impedance FET op-amp ICA 3140, 
LF 356, TL 071, etc.) connected as a voltage fol- 
lower. Output from the buffer is applied to the invert- 
ing input of an op-amp set up as a comparator. The 
noninverting input is held at exactly 10.0 volts by 
means of the resistors across the 15-volt regulated 
supply. With no voltage input from the feedline there 
is no voltage on the inverting input of the compara- 
tor. The output of the comparator will be close to the 
15-volt supply line and the LED does not draw current. 

As soon as the 50-ohm feedline exceeds 200 volts 
(equal to 400 watts PEP), 10 volts or more is applied 
to the inverting input of the comparator. The compa- 
rator output drops, and the LED lights indicate that 
the allowable limit has been exceeded. For very short 
voice peaks, the eye may not register the fact that 
the LED was on. A rudimentary pulse stretcher con- 
sisting of a I-megohm resistor and 1.0-pF tantalum 
capacitor is attached to the output of the buffer to 
ensure that there is a minimum on time for the LED. 
Calibration of the device requires a dc voltage source 
variable around 40 volts. 

The sampling head is removed from the feedline 
and the variable dc supply applied to the CALlB 40 
volts point on the primary divider. An accurate volt- 
meter is used to adjust the calibrating supply to ex- 
actly 40.0 volts. The 1.0-megohm trimpot is then 
adjusted so that the LED just lights. The variables in 
the system (voltage drop across the diode, offset 
voltage of the op-amps, inaccuracies in the resistors, 
and so forth) are all nicely taken care of by this dc 
calibrating procedure. 

Physically, the sampling head and primary divider 
may be separate from the comparator logic and 
should be fully shielded. A 5 x 1 % x 1 % inch (135 
x 32 x 32 mm) box made of double-sided circuit 
board makes a very simple shielded enclosure for the 
dropping resistors, the diode, the charge capacitor, 
and the calibrating voltage input point. The rf input 
can be a standard SO-239 socket, the rectified out- 
put an RCA socket, and the calibrating voltage input 

P U T  
KE T 

I l P P R O X I M A T E L Y  1 3 5 m m  x 3 P m m  x CALIBRATING 

3 Z m m l  VOLTAGE 

T I N P L A T E  OR CIRCUIT BOARD I N P U T  

fig. 3. General arrangement of sampling head. 
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fig. 4. Power supply schematic. 

is effectively across the 7.5-kilohm base resistor of 
the primary divider. At all significant rf frequencies 
this capacitance has a reactance which effectively re- 
duces the 7.5 kilohms to a considerably lower value 
depending on frequency. Unless something is done, 
the 5: 1 ratio of the primary divider no longer holds. 

If a compensating capacitor is placed across the 
three 10-kilohm resistors forming the upper. half of 
the primary divider, and adjusted so that its capaci- 
tance is exactly one quarter of the diode capacity, 
then the division ratio will remain at 5:l although the 
effective resistance values may be significantly differ- 
ent from the dc resistance values. The compensating 
capacitor is a "gimmick" formed by attaching two in- 
sulated wires, one to the input socket and the other 
to the diodel7.5 kilohm junction, and twisting them 
together as shown in fig. 3. The test set-up for 
adjusting the compensating capacitor isgiven in fig. 5. 

a standard banana plug socket. Fig. 3 shows how 
the head is assembled. A suitable power supply in- calibrating the sampling head 

. .  . 

corporating both logic and calibrating voltages is The station transmitter in the CW mode is oper- 
shown in fig. 4. ated into a standard rf wattmeter. This wattmeter 

need not be a high-power one - 10 to 20 watts is 
sampling head compensation adequate. The sampling head is T'd into the line con- 

The rectifying diode in the sampling head has a necting the transmitter to the wattmeter. The trans- 
small but finite series capacitance. This capacitance rnitter is set to 3.5 MHz and the carrier level control 
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HF, 
VHF, 
UHF, Across the spectrum. 
VARIAN EIMAC. 
Ham operators know that 
EIMAC started in power tube de- 
velopment with the 150T in 1934. 
While the 150T is now a collec- 
tor's item, EIMAC, a division of 
Varian, still holds leadership in 
power tube design with its 
4CX250B, 8874,3-5002,8877 and 
3CX400U7; modern examples of 
EIMAC's continuing, innovative 
solutions to tough communica- 
tion requirements. 

EIMAC's proven power tubes are 
used in amateur service for 
heavy-duty, reliable perform- 
ance in traffic; RTY; SSN; DX 
operation; VH FlUH F work; 
moonbounce, and exploration 
of the outer limits of communi- 
cation techniques across the 
spectrum. 

High quality and long life make 
EIMAC tubes the favorite choice 
of operator and equipment 
builder, amateur and profes- 
sional alike. 

For communication and re- 
search worldwide, choose 
EIMAC. For information on 
VARIAN EIMAC power tubes, 
call or write today. Or contact 
the nearest Varian Electron De- 
vice Group sales office. 

VARIAN EIMAC 
301 Industrial Way 
San Carlos, California 94070 
415.592-1221 

VARIAN EIMAC 
1678 S. Pioneer Road 
Salt Lake City, Utah 84104 
801.972-5000 
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More Details? CHECK-OFF Page 103 

VARIAN AG 
Grienbachstrasse 17 
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CH-6300 Zug, Switzerland 
Tel: (042) 31 66 55 
Telex: 845-78789 
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table 1. Eight-level indicator voltages and resistor values. 

A B C D E F G H I 

fixed dc 
peak voltage required actual 

power voltage voltage voltage required ladder make-up of value of 
level on out of out of on resistor ladder ladder 
PEP 50-ohm first second noninvert value resistors resistors percentage 

watts line divider divider inputs ohms by paralleling ohms error 

R9-3820 39, 180K 3817 - 0.08 
500 223.61 44.721 11.180 Q8-11.180 R8-573 620,8.2K 576 - 0.52 
450 212.13 42.426 10.607 Q7-10.607 R7- 607 620,27K 606 -0.16 
400 200.00 40.000 10.000 Q6-10,000 R6- 646 680, 12K 643 - 0.46 
350 187.08 37.416 9.354 Q5- 9.354 R5- 694 820.4.7K 698 +0.58 
300 173.21 34.641 8.660 Q4- 8.660 R4- 754 820,S.lK 752 - 0.26 
250 158.13 31.623 7.906 Q3- 7.906 R3- 835 910, 10K 834 -0.12 
200 141.42 28.284 7.071 Q2- 7.071 R2- 947 1.OK. 18K 947 - 
150 122.47 24.495 6.124 01- 6.124 R1-6124 6.2K 6200 +1.2 

advanced until a suitable reading - say 10 watts - 
is registered on the wattmeter. The absolute accu- 
racy of the wattmeter is unimportant. It is only nec- 
essary that the transmitter output be set to a fixed 
value during the calibration procedure. Now read the 
value on the voltmeter attached to the output socket 
of the sampling head. 

The transmitter is switched to 29.5 MHz and the 
carrier level advanced until the same 10-watt output 
is registered on the wattmeter. The voltmeter is again 
read. 

If the 3.5-MHz voltmeter reading is greater than 

the 29.5-MHz reading, there is insufficient capaci- 
tance in the "gimmick" and more twists should be 
added. If the 29.5-MHz reading is higher than the 
3.5-MHz reading, the head has been over-compen- 
sated for, and the "gimmick" should be untwisted. 
The aim is to get the voltmeter readings at both 3.5 
and 29.5 MHz to be the same. Note that putting the 
cover on the sampling head enclosure has a slight 
effect on the readings and should be allowed for. 

TRANSMITTER 

additional level indicators 
The single LED indicator described above serves 

one fundamental purpose, to show whether a set 
power level on the feedline has been exceeded. 
Other levels can be set simply by changing the dc 
voltage on the comparator noninverting input. 

A useful and practical extension is to use a multi- 
plicity of comparators, whose inverting inputs are fed 
in parallel by the buffer and whose noninverting in- 
puts are set at different dc levels, each dc level corre- 
sponding to a specific rf output power level. Fig. 6 
gives the schematic of such an arrangement suitable 
for eight levels. The resistive ladder (R1 to R9) is cal- 
culated on the basis of 1000 ohms per volt. In most 
cases it will be necessary to parallel two standard 5- 
percent resistor values to obtain the (usually odd!) 
values required by each "rung" of the ladder. The 
appendix details the method of calculating resistor 
values. 

However, the internal resistive ladders are char- 
acterized for either a linear or logarithmic relationship 
between input and comparator trigger points and are 
not applicable when the inputloutput voltages have 
a square root relationship, as is the case when power 
is being measured. By using devices such as the Na- 
tional LM339 (which have four comparators in a 
single 14 pin DIP), and an external resistive ladder the 
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fig. 6. Eight-level indicator. 

design can be made very flexible and varied to suit 
most applications. 

In practice, an eight-step indicator covering 
150-500 watts in 50-watt steps is a very useful device. 
Using green LEDs up to the 350-watt mark and red 
LEDs for the 400, 450 and 500 watt levels, the 
greedred transition is very obvious. It is necessary 
only to place the indicator lights where they will be 
easily seen. It's not necessary to watch the indicator; 
you will notice the change to the red LED even if you 
are not consciously watching for it. The device was 
developed as a means of showing when the allow- 
able output power is exceeded during actual "on air" 
operation. For this purpose the stepwise approach is 
more than adequate. 

For tune up purposes, using a carrier only, there is 
no doubt that a continuous indication is advanta- 
geous. The simple addition of a high impedance volt- 
meter (10,000 ohms per volt or better) between the 
output of the buffer op-amp and ground accom- 
plishes just this, since, at that point, the voltage 
varies exactly in step with the voltage on the feed- 
line. The voltmeter 0-15 volt range should be cali- 
brated according to the power output being used. 
Fig. 7 shows how this is done. 

conclusion 
A commercial version of this indicator, based on 

the principles outlined above is presently being mar- 

BUFFER 

TO COMPARATORS 

SECONDARY 
DIVIDER 

M 0 -  15 VOLTS 

FROM .311. 
fig. 7. Addition of  tune-up metering. 

keted in Australia. More importantly, the Australian 
regulatory authorities have tested the device and 
have pronounced it as an acceptable alternative to 
the official oscilloscope method. The three standard 
ranges used in VK are 5-40 watts PEP in 5-watt steps, 
25-200 PEP in 25-watt steps, and 150-400 PEP.in 50- 
watt steps. Additionally, many "specials" have been 
made for other than Amateur use with 2 kW PEP 
being the maximum to date. The only changes nec- 
essary to do this have been in the values of the pri- 
mary divider resistors and their wattage. The use of 
5-percent-tolerance resistors in the unit has proved 
to be entirely satisfactory. 

appendix 
Calculation of ladder resistor values: table 1 includes data for an 

eight-step indicator covering 150-500 watts PEP in 50-watt steps. It 
can be revised for other ranges and other spacings by the following 
procedure. A supply of 15.0volts regulated is required. 
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YOUR ANTENNA 

Construction 
Easy Assembly  & Installation 

ANTENNA DEVELOPMENT & 
MANUFACTURING, INC. 
P.O. Box 1178, Hwy. 67 South  

1. List in column A the power levels and spacings required 

2. L~st in column B the peak voltage on a 50-ohm line for each 
power level calculated from the formula fi: = I 0  \B 
3. List in column C the voltages expected out of the 5: l  primary 
divider for each power level calculated from the formula El,,,,,, 
0 2 E  

4. List in column D the voltages expected out of the 4:l secondary 
divider for each power level calculated from this formula: 

E,,., ~ 0 2 5 F :  ,,,,,,, 
or E,,., 0 05 f: 

Note that the E,,., voltages calculated in step 4 are the tugger volt- 
ages, which have to be set on the noninvert inputs of the compara- 
tors. Call these E ,,,, QI to E ,,,, QX and enter in column E. 

5. The resistance required between ground and the noninvert In- 
put of QI is given by the formula b:,,,, QI , 1000. This resistor is 
shown in fig. 6 as H I .  If the resistance value is not within 2 percent 
of a standard resistor value, two resistors w ~ l l  have to be paralleled 
to get the correct value. 

(a) Let R, be the value required 

Ib) Choose the next standard value of resistor higher than R,. 
Call this Resistor R ,  

( c )  Calculate the value of the paralleling resistor required with 
this formula: 

This calculation will usually give a result which is not a standard 
value but which is between standard values. Again, choose a 
standard value for RI,,,, which is the next one above the calcu- 
lated value of R,,,,,. 

(d) Check that R ,  paralleled with R,,,,, is within 1 to 2 percent of 
the required value of R, using this formula: 

Enter the resistor values to be used and their effective parallel 
value in columns G and H. 

6. The value of R2 is given by the formula 

TO realize the correct resistance value, steps 5(a) and 5(d) are 
repeated. 

7. The values of R3 to RX are calculated much ltke R 2 ,  using the 
general formula: 

and steps 5(a) to 5(d) as before 

8. The value of R9 is calculated from this formula: 

Note that if the actual voltage available on the regulated 15-volt line 
is significantly different from 15.0 volts (say, over 15.3 volts or 
under 14.7 volts) then calculate R 9  using this formula: 

(a) Calculate the percentage variation of the used values of R1 
to R9 as shown in column H from the theoretical values of R 
shown in column F. Provided they are within 2 percent, no 
change is required. As table 1 shows, the error in each step is 
likely to be very much less than 2 percent and of no practical sig- 
nificance. 
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design of 
short vertical antennas 

for the low bands: 
part 2 

a good radial ground system 
in a small back yard 

You don't need a large back yard to have a good radial ground 
system. I helped a friend install a good system in a back yard that 
measured only 65 x 40 feet (20 x 12 meters). At that locat~on 
there are chain-link fences around the entire yard, and about thirty 
fence posts. Other fences terminate near the corners, but they are 
not bonded to the back yard fence. We placed an aluminum plate 
on the grass. approximately in the center of the yard, and each 
fence post was connected to that plate by a No. 17 galvanized steel 
wire. The wires were buried in a slot dug by an ordinary edger. That 
made thirty radials, the longest of which was not more than about 
40 feet 112 meters). 

The fence posts and the plate were drilled, tapped, and provided 
with solder lugs, and the wires were soldered at each end. A tempo- 
rary base-loaded whip was then resonated to 1.850 MHz, and the 
impedance was measured with a noise bridge. During these rneas- 
urements, various fence corners were temporarily connected to- 
gether with clip leads, and the effects were immediately noticeable. 
Within an hour, the ground system measured a fairly reliable 10 
ohms. No measurement was performed at 3.8 MHz; however, it 
certainly would measure less than 10 ohms. Note that this minimal. 
small-lot radial system is better than the hypothetical ground used 
as the basis for calculations in this article. 
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An efficient radiator 
for 160 and 75 

that uses two top hats 

The first half of this article reviewed the character- 
istics of several short verticals over ordinary ground 
radial systems. This information is now applied to the 

the antenna system 
The antenna consists of two top hats separated by 

a parallel resonant 75-meter trap and a 35-foot-long 
(10.67-meter-long) section of 2-inch aluminum irriga- 
tion pipe. it resonates on 1.836 MHZ and 3.830 MHZ. 
The 75-meter top hat comprises four &foot (2.44- 
meter) pieces of 314-inch aluminum tubing, mounted 
at right angles to themselves and to the mast. 

Four 50-foot-long (1 5.24-meter-long) sections of 
No. 8 aluminum clothesline wire double as the top 
guys and the 160 meter top-hat. The trap is placed 
between these wires and the top of the mast. For 
design purposes the trap inductance is 4.5 pH with 
an equivalent inductance when paralleled with 400 
pF of slightly over 5 pH at 1.8 MHz. With the trap 
shorted the antenna resonates at 3 MHz. 

The general layout is as shown in fig. 1. Six rather 
small trees and the lower guys are not shown. Fig. 2 
shows the electrical connections. 

Since 2-inch irrigation pipe is very limber, it needs 
to be guyed. The first installation had eight guys; 
four comprised the 160-meter top-hat, plus four 
more at the 60-percent level. On one windy day the 
mast section below the lower guys vibrated at 20 to 
30 Hz, displacing at least half an inch. Wind velocity 
at the time was probably 30 to 40 mph (50-65 kph). 
Another set of guys was subsequently installed at the 
12.5-foot (3.8-meter) level. The positions are now at 
35 feet (10.7 meters), 21 feet (6.4 meters), and 12.5 
feet (3.8 meters). This damped the motion. 

By W.J. Byron, W7DHD, 5 Lambert Lane, 
construction of a very short two-band trapped vertical. Robbinsville, New Jersey 08691 
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fig. 1. Configuration of trapped 751160 meter vertical, 
approximately to scale. 

The system is resilient enough so that continued 
vibration certainly would not have damaged the 
structure, but it does stranger things: it unscrews 
nuts, bolts, and machine screws, and it causes 
fatigue in electrical connections. The fastening 
points for the guys on the mast are steel devices de- 
signed for connecting 2-inch fence posts together. 
All guys are broken up into sections approximately 10 
feet (3 meters) long, insulated by TV-mast-type 
"egg" strain insulators. 

A 30-kV ceramic stand-off insulator is used, sup- 
porting the weight of the antenna system. In this 
application the potential across it is under 100 volts. 
For this (and even more stringent requirements) an 
empty (but corked) champagne bottle will do just as 
well: they have heavier walls than soft-drink or beer 
bottles. An alternative base insulator for this antenna 
could be a 500-ohm "glo-bar" resistor, since the 
higher antenna input resistance (achieved on 75 
meters) is only 19.6 ohms. 

It is a much different story, however, if a base 
loading coil is either wound around the insulator or 
connected across it. Assuming total base-loading, 
the rf  potential on a XI16 vertical could reach 5000 
volts, and that puts insulator requirements in an en- 
tirely different light. 

the ground system 
Short verticals must have good rf grounds. At my 

location the longest radial wires are the four diago- 
nals that run across the back yard, each about 90 feet 
(28 meters) long. The shortest are the two that span 
the short side, each 65 feet (20 meters) long. All 
other radials are of lengths between those limits. 
Since all are shorter than Xl4, it was decided to put 
as many radials down as would be practicable. One 

18 June 1983 

hundred radials were installed, utilizing 7,300 feet 
(2250 meters) of galvanized steel, 17-gauge electric 
fence wire. 

Heeding the advice of Jerry Sevick, they were laid 
down, in October, 1978, on the surface of freshly 
close-cut lawn. At those places where the ground 
dipped a wooden stake was driven in flush with the 
average ground height, and the radial wire was sta- 
pled to the top of the stake. None of the radials were 
buried. By midsummer, 1979, grass had concealed all 
the wires. By that time a metal detector would have 
been necessary to find even one of them. A couple of 
wires did catch in the mower in the spring of 1979, 
but these two were replaced and there has been no 
trouble since. 

The radials are attached to the base plate by solder 
lugs and No. 6-32 (M3.5) stainless steel screws. The 
base plate is an 18-inch (0.5-meter) square piece of 
6061-T6 aluminum, 114 inch thick. One hundred 
holes were drilled with a 6-32 (M3.5) tap-drill 
(twenty-five on a side) and then tapped by hand. 

Most radial wires are terminated by an 18-inch 
(0.5-meter) piece of reinforcing rod, supplied and cut 
by a local building supply company. Some are termi- 
nated by 4-foot (1.2-meter) ground rods. These were 
reserved for the shortest radials. All this paid off; the 
ground loss was very small. 

lightning protection 
Something should be said about grounds for light- 

ning protection. At my location some of the larger 
trees and also some of the power-line poles are high- 
er than the antenna, but none of them are in the im- 
mediate vicinity of the antenna. I drove four 4-foot 
(1.2-meter) rods below ground level several feet off 
the corners of the baseplate and connected them to 
the corners by a No. 8 solid copper wire. The rods are 
on about 6-foot (1 .&meter) centers. 

7 5 - M E T E R  TOP-HAT 

75 -METER TRAP 

35 FOOT MAST 
(VERTICAL RADIATOR1 

Tf 
fig. 2. Top-hat electrical connections. 



A little research into grounding revealed that if two 
rods are spaced close together, say less than a foot 
or two, their parallel resistance to ground is no less 
than that of one rod. In other words, rod surface 
area alone has very little to do with contact resis- 
tance. Ground rods should be spaced at a distance at 
least equal to their length for minimum resistance to 
ground. It has been shown also that athough there is 
little correlation between their surface areas (rod 
diameter) and resistance, there is a direct correlation 
with their length. So the proper lightning ground 
should have been composed of 8-foot (2.5-meter) 
rods spaced approximately 10 feet (3 meters) apart. 

Even if the ground resistance could be reduced to 
5 ohms (ohmic resistance, dc), a direct hit delivering 
a pulse current as low as 2,000 amps would still pro- 
duce a voltage at the base of the antenna of 10 kilo- 
volts with respect to nearby objects such as coaxial 
feedline and the shack. Lightning ground rods can 
help protect the shack or the house; they will not 
protect the equipment. Despite the rods, when I 
leave the shack for the day I uncouple the coaxial 
transmission line and leave it dangling on the wall. 

matching 
The system exhibits two distinct resistive feed- 

point impedances, both less than 50 ohms. Several 
options exist for feeding the antenna, but the one I 
chose involves running a "flat" transmission line 
(that is, matched at both ends), the impedance trans- 
formation being accomplished by a transmission line 
transformer (TLT) at the base of the antenna. Con- 
struction details are given in fig. 3. There is a slight 
mismatch at the 75-meter tap. The load impedance 
(measured) is 19.6 ohms. At the 213 point of the 
TLT, the impedance is 22.22 ohms, providing a best- 
case match (VSWR) of 1.13. The 160-meter tap is ex- 
actly at the measured value of antenna resistance, 
5.5 ohms, which occurred by lucky coincidence. 
Those two taps could be switched by a relay ener- 
gized in the shack. At the time I didn't have a relay 
with sufficient contact force or size to do the job. At 
the kilowatt level, the base current in the 160-meter 
antenna is nearly 13.5 amperes. At this level each 
0.1-ohm circuit resistance dissipates 18 watts, a loss 
which would hardly be missed in the resultant signal 
but which is serious if it happens to occur in a relay 
contact, which may have a total volume of less than 
one-tenth of a cubic centimeter. 

Another option is to use a quarter-wave matching 
section, computed in the usual way: 

ZM = 

For Zi = 50 ohms, and Z ,  = 5.5 ohms, ZM = 16.6 

SHIELD BOX " D O G - H O U S E  " 

22 22 OHMS f75) 
sw ra 

5 0  OHMS IN I 
O VERTICAL 

T L  T 

TO 
3 RADIAL 

TLT 33 turns. (11 turns. trtl!larl No. 16 
SYSTEM 

copper, enameled, close-wound en 
3.9 x 5lnch fenrle loop-rbck 
IBC recelrer type1 

SW heavy map-detsnt rwltch from surplus 
BC 375 lunlng unlllmurt handle 14amperer 
at 1.8 MHz and 7.5 amperes at 3.8 MHz) 

fig. 3. Transmission-line transformer (TLT) and switch. 

ohms, almost exactly one-third of 50 ohms. It would 
require a total of 350 feet (107 meters) of RG-58: 
three cables, each 117-feet (35.6-meters) long and 
operated in parallel. That is a lot of cable but it 
works. On 75 meters, the length would approximate 
Xl2, and the 19.6-ohm resistance would be repeated 
at the transmitter with an intermediate point SWR on 
the 16.6-ohm transmission line as low as 1.18. Its use 
would require a transmatch at the transmitter, how- 
ever. 

When it's cold outside it's a chore to go out and 
switch the TLT. I soon discovered that with the TLT 
on the 5.5ohm tap and the excitation on 3.8 MHz, 
the resultant 4:l SWR could be compensated for by 
the transmatch at the transmitter with apparently no 
loss in efficiency. The loss due to that mismatch is 
about 1 dB. Whenever the weather is foul enough to 
discourage a "switching trek" I use the transmatch. 
Note that the loss is low only for frequencies of 4 
MHz and lower. It would not be true at 30 MHz. 

Figs. 4 and 5 are plots of the measured VSWR 
within the two bands. The measurements were taken 
from the shack at the end of the long RG-81 U trans- 
mission line. I used a Bird Model 43 wattmeter and 
the barefoot exciter with its digital frequency display. 
The readings reveal a couple of important facts: 

1. The measured impedances at the antenna base 
were correct. 

2. The transmission line transformer is adequately 
designed. 

The antenna systems, although narrow in band- 
width, can be tuned by means of transmatches. I use 
two, one for 160 meters and the other for 80 through 
10 meters, enabling me to operate over a range of 
200 kHz on 75 meters and 100 kHz on 160 meters 
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with little loss. Mine are both the McCoy "ultimate 
transmatch" type. In general, transmatches are rec- 
ommended for use with trapped systems to reduce 
harmonic radiation. 

performance 
The 751160 meter antenna has proven to be an 

effective radiator. Because of the low-angle radiation 
and the efficiency (high radiated field), I can make 
two-way contacts on 160 meters at high noon in mid 
summer over distances of up to 200 miles. At the 
equinoxes, I've made two-way SSB QSOs with New 
Zealand. At various other times in the winter the sys- 
tem has enabled me to work England, Brazil, Pana- 
ma, Nova Scotia, Bermuda, and most of the United 
States. On 75 meters the performance is much the 
same; I've made contacts with all of the above places 
plus Germany, Alaska, and western Australia. All of 
these contacts were incidental, since I do not seek 
DX actively. 

conclusion 
In various contacts I've made with other users of 

verticals, it's become obvious to me that the Ama- 
teurs who have become disillusioned with, and con- 
sequently abandoned, short verticals did not fully 
understand just how important the ground system is. 
The shorter the antenna, the more sensitive it is to 
ground losses. The problem becomes worse when 
the antenna is both short and base loaded. Conse- 
quently, more attention should be paid to the ground 
system than to the "top-works," while not neglect- 
ing the reduction of ohmic losses in coils, relay con- 
tacts, electrical connections, and bonding strips. 

I also often hear it said that the antenna should be 
erected over a high water table: "The water table is 
only five feet below the surface here, and I have 
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fig. 5. VSWR plot between 3.76 and 3.90 MHz of the 75- 
meter system. 
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grounding rods driven right down into it." That 
means absolutely nothing, unless that "ground 
water" is salt water. Fresh water, particularly if it is 
potable, has the conductivity of poor earth. The 
answer to all this, of course, is to know what the an- 
tenna should "look" like, and to measure the base- 
impedance over the ground system. If the system 
should present a 20-ohm load and has no ohmic loss 
but measures 50 ohms, you know immediately that 
the ground resistance is 30 ohms. Consequently, the 
signal from that antenna will be considerably re- 
duced, even though it will present a very good match 
to the transmission line. 

The use of a very short base-loaded whip (such as 
a mobile whip) reveals something interesting. It is 
such an inefficient radiator that it can be used to esti- 
mate ground loss. Resonate the whip over the 
ground system and measure the total resistance. 
Then remove the whip above the coil and replace it 
with a variable capacitor to ground. Reresonate the 
coil. 

When all this is done, the radial system is effective- 
ly removed from the circuit. You can then make 
another noise-resistance measurement, determining 
the coil resistance. Absence of the whip (R,  n 0 )  has 
no measurable effect. The ground resistance is then 
the difference between the two measurements. 
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HIGH PERFORMANCE 
COMMERCIAL QUALITY 

UHF/VHF CONVERTER KITS 
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MODEL INPUT FREO OUTPUT FREO PRICE 
RCK 6/10 50 28 139 95 

612 50 144 39 95 
2110 164 28 39 95 
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1 2.16 220 50 39 95 
1.312 270 144 39 95 
ATV 439 60 34 95 
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10 FOOT PARABOLIC 
List Price 2495.00 
Item No. MISSY97 
Shipped Motor Frelght Collect 

What the system will do: 
Dellvers up to 60  channels of TV direct from satellites to 
your home receiver. Movies, sporting events. news. 
religious programs, other TV stations and much more! 

What the system includes: 
1. A 10 ft. dish made of reflective metal bonded with 
fiberglass. Weather-resistant and virtually maintenance- 
free. Comes in 4 sections for compact shipment. 
2. Polar mount complete with azimuth and elevation ad- 
justments for precise satellite-to-satellite tracking. 
Patented linkage allows satellite to travel from horizon to 

4. KLM Sky Eye V satellite receiver with downconverter. 
Outdoor mounted downconverter linked to satellite 
receiver by remote cable. Receiver features the latest 
single-conversion electronics and SAW filter for brilliant 
video. Also has large signal strength meter, video invert 
and audio subcarrier tuning from 5.5-7.5 MHz. Optional RF 
modulator available. 
5. Drake 120" low noise amplifier. Boosts the weak signals 
reflected from the dish to a signal level usable by the 
downconverter. Uses GaAs FET transistors for maximum 

Note: Interconnecting cables between components, extra. 
Your VCR's modulator may be used with this system, 

DRAKE DM-2350 
LCD digital multimeter 
Pocket-slzed yet super accurate and big on features. 
Large. .4" LCD display with 4-digit readout. Fused for 
overload protection and offers automatic range, polarity 
and zero adjustment. A blinking "1" in the readout and 
buzzer alarm warns against over-range. Samples twice 
every second and reads DC from 200mV to 1000V. AC 
from 2V to 600V and resistance from 200 ohms to 2 meg 
ohms. It will also read DC or AC current from 0 to 200mA 
with range extended to 20A using the supplied plug-in 
shunt. Continu~ty indicated by buzzer at 19 ohms or less. 
Complete with "L" type test cables, spare fuse. 20A shunt 
and soft carrying case. Dimensions: 5 . 2 " ~  2 . 6 " ~  0.8". 

Llmt Prlce 99.91 Hem No. DRADM2350 
Add 1.36 shlpplng 6 handling 

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS: 3131 4TH AVENUE SOUTH BIRMINGHAM. AL 35233 
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KDI 10 VIC Morse CW keyboardtauto code reader program 
(5-25 WPM). Requires interface. With manual, schematic and 
liO connector. I.N. RAKKD 1 10 . . . . . . . . . . . . . . . . . . . . .  19.95 
KDl11 VIC RTTY RlTY sendlreceive program for 60, 66, 
75 8 100 WPM. Requires 8K expander, C2N datasette 8 in- 
terface. With manual. I10 connector. I.N. RAKKDl 1 1 . .  .24.95 
RK601 Ham antennas Choose groundplane, yagi beam. 
dtpole or delta loop 8. get dimen. for frequency. 
I.N. RAKRK601 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .5.95 
RK602 Morse code Learn the Morse code or improve your 
speed. Autoikeyboard character generation. 
I.N. RAKRK602. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .4.95 
KD108 Formulas Ohm's law parallel 8. series resistance, 
capacitance 8. inductance. 
I.N. RAKKD108.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .5.95 
RK603 Worked al l  states record  Needlworked 
confirmed status 8 call. Summary 8 print routine. 
I.N. RAKRK603. . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . . .  .5.95 
RK604 Worked all zones record Needlworked 
confirmed status & call. Summary 8 print routine. 
I.N. RAKRK604. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .5.95 
RK605 DXCC record Needlworkedlconfirmed status 8 call. 
Summary 8 print routine. 
I.N. RAKRK605. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .5.95 
RK606 5 band WAS record Needlworkedlconfirmed status & 
call. Summary 8 print routine. 
Requrres 3K expander. I.N. RAKRK606 . . . . . . . . . . . . . .  .7.95 
RK607 5 band WAZ record Needlworkedlconfirmed status 8 
call. Summary 8 print routine. Requires 3K expander. 
I.N. RAKRK607. . . . . . . . . . . . .  ... . . . . . . . . . . . . . . . . . .  .7.95 

Call 
'lid1 Free lm800 

COMMODORE VIC-20 at phenomenal savings! 
Now more affordable than ever, the VIC-20 can add new 
dimensions to your amateur activities as well as educate and 
entertain. Bu~lt.in 5K memory, expandable to 32K. Full size 
full-stroke typewriter keyboard and built in BASIC language 
make data entry a snap. Displays letters, numbers and graphic 
symbols in 8 different colors which may be punched in directly 
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vertical phased arrays: 
part 2 

Part two examines 
array siting, field plot calculations, 

and minor lobe determinations 

The theoretical design of vertical phased arrays 
will be the subject of this article, the second in this 
series on vertical antennas. Every designer must bal- 
ance his performance requirements for high gain and 
F IB (front-to-back ratio) against his resources 
(space, money, and time). There is always a strong 
temptation to skip past the theoretical work and pro- 
ceed with the more engrossing task of construction. 
But after having relocated the elements of an array 
(complete with one-hundred radial ground systems) 
more than once, I can tell you that a few thoughtful 
hours spent on design can save many hours of 
wasted construction time. 

For example, you might want to start with a two- 
element array. But before you clear a site of brush 
and trees, consider what you might be faced with 
should you later decide to add elements to this array. 
And consider the directions of the main lobe of the 
changed array. For instance, a two-element array has 
a main lobe whose half-power beamwidth is 180 de- 
grees. Before you decide to aim this array toward 
Europe or Japan remember that the signal loss sus- 
tained in orienting this array exactly east and west is 
about 112 dB (down from Europe or Japan) and only 
3 dB - half an S-unit - down in a north or south di- 
rection (see figs. 3 and 4)". 1 live in a wooded area 
and, not being willing to become involved in a lum- 

By Forrest Gehrke, KZIBT, 75 Crestview, 
Mountain Lakes, New Jersey 07046 

"Charts as introduced in the text are not in sequence. However, they are 
grouped as follows: two-element arrays, figs. 3 and 4; three-element 
arrays, figs. 5 through 11; four-element arrays, figs. 12 through 17. 
Editor. 
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fig. 1. Generation o f  cumulat ive f ie ld i n  the  0 direction 
by the t w o  sources eo F a n d  el E. 

bering operation, I had to strategically locate a 4- 
square array among the trees. Because I failed to 
give some advance thought to these considerations, 
relocations of elements were required with every ad- 
dition to my array. 

In a previous article,' I discussed some of the rea- 
sons for less-than-anticipated performance in vertical 
phased arrays, particularly in front-to-back ratio. The 
major fault in many designs is a failure to consider 
the real and significant effects of mutual coupling be- 
tween elements; neglecting these terms can result in 
an incorrectly designed feed network. 

symmetry is essential 
Knowing the characteristics of the array, we can 

ensure that the correct current magnitude and phase 
exist at the input terminals of each element - for a 
particular direction. 

However, in a switchable array the magnitude and 
phase drive current requirements to a specific ele- 
ment will depend on position (direction) chosen. 
Conversely each element must perform correctly for 
each switched direction of the array. If we expect to 
have identical field patterns in each direction it is nec- 
essary to ensure electrical symmetry. For example, 
referring to the driving-point element impedances of 
a typical 4-square array, spaced 114 wavelength, 
with equal amplitude current ratios, phased - 90 and 
- 180 degrees we have: 

The zero degree phase reference elements driving point impe- 
dance is Z,. The diagonally opposite element is phased - 180 
degrees and its driving point impedance is 4. The two middle ele- 

ments, each phased - 90 degrees present the same impedances 
Z, and Z3. When this array is switched through its four directions, 
each element, in turn, assumes each of the four electrical positions 
in the array. For identical patterns in each direction each element 
must exhibit the particular driving point impedances appropriate to 
these electrical positions. For example, as each element is switched 
to occupy electrical position 4, the same driving point impedance 
Z4 must be presented to the feed network. Similarly, as each ele- 
ment is switched into electrical position 1 it must present the much 
different impedance Z1. So, instead of physically rotating this an- 
tenna, keeping each element fixed in its electrical relationship as 
with Yagis, we rotate the electrical relationship of the elements 
and keep the physical relationship fixed. 

This is an important difference from the design of 
a-m broadcast arrays. Broadcast arrays are seldom 
switched, being designed for a particular listening 
area, and with departures from symmetry often in- 
tentional. For a switched array, each element's self- 
impedance, and each of its mutual impedances, 
must be as similar as possible. 

Electrical symmetry is a function of the physical 
symmetry of the array which includes groundplanes 
and other nearby conductive structures. Metal 
towers, other antennas, guy wires, roof gutters, and 
leaders - that is, any conductive line within a wave- 
length of any part of the array, especially if it is at or 
near resonance (a multiple of a half-wavelength and 
ungrounded, or a quarter-wavelength and grounded) 
- should be avoided. Otherwise, a means must be 
found to prevent resonance. An example of prevent- 
ing resonance would be to break up guy wires with 
insulators, making them ungrounded quarter-wave 
sections. When siting an array, then, look carefully 
around the area before starting work for anything 
that can act as another antenna. Unlike Yagis, where 
making spacing adjustments involves loosening a 
few clamps, low-band vertical arrays, with their 
groundplanes, are not easy to make adjustments on. 

- ? \ r e  

. 
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f ig. 2. Example showing h o w  the cumulative f ie ld f r om 
an equilateral triangular array can be calculated. 
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fig. 3. Two-element, 114-wave spacing - 90 degree 
phasing, equal amplitude current array. [In figs. 3-17. 0 
through 180° shown. Editor1 

extensive ground systems 
Don't scrimp on the groundplane. At least sixty 

radials a quarter-wavelength or longer should be 
under each element. If in some directions this is not 
possible, use radials at least an eighth wavelength 
long in even larger quantity. At those azimuths your 
array will probably have a higher elevation angle. 
However, more radials, even if short, help keep the 
angle down. 

Theoretically, an infinitely conducting ground- 
plane is required, but it's not practical to copper plate 
the neighborhood. Don't make the mistake of think- 
ing that twenty or thirty radials is approaching the 
point of overdoing it! Incidentally, if you can, lay 
radials on the surface. If you must bury them, keep 
them as close to the surface as possible. Large-size 
wire is not necessary; I use No. 24 PVC hookup wire. 
Galvanized steel fence wire is not a good idea: it cor- 
rodes very quickly, becoming totally ineffective as a 
radial. 

characterizing the array 
After choosing the site it's necessary to see what 

kind of an array can be fitted within that area, what 
its characteristics might be and its switchable direc- 
tions. The calculation of horizontal field patterns is 
an exercise in trigonometry. 

Since F/B ratio is a major interest, we need to ex- 
plore in greater detail the pattern in the rear area of 
the array. Inspection of the field equation shows that 

26 June 1983 

subtractive operations take place here, often result- 
ing in small fields which have large variations with lit- 
tle changes in azimuth. This necessitates many azi- 
muth calculations to reduce the granularity of the 
plot. Compare the similar arrays of fig. 13, a plot in 2- 
degree increments, with fig. 16, plotted in 10-degree 
increments. We would not want to miss seeing the 
actual variations, since deep nulls may be used later 
in checking out the array. A programmable calculator 
or a small computer is an obvious choice for handling 
this drudgery. When the HP-35 scientific calculator 
was introduced 10 years ago I plotted a three-ele- 
ment in-line array using 10-degree increments. The 
process required about 8 hours and seemed light- 
ning-fast, but everything is relative; now I watch a 
Sharp PC-1500 do this in 2-degree increments in 5 
minutes - including drawing a graphical represen- 
tation. 

multi-element array equation 
The equation for the total field from any multiple 

element antenna is: 

* E = eo /B$  + X o  cos O 0  + Yos in  8' 
+ .,. + e,/B,O + X,costIO + Y n s i n t I O  

"Choosing a common unit of dimension (e.g. degrees) for the vector terms 
allows simplification of the programming task. 

where E is the total field term 
eo,. . .en are the individual term amplitudes 
Bo,. . . B, are the driving-point phase displace- 

ments with respect to the reference term 

-- - - . 

I I I I I  
I l l 1  I I 1  I 

I I I I I I  

1 1 1 1 1 I I  g-30,,,,------------ 
1 1 1 1 1 1 1  

fig. 4. Two-element, 118-wave spacing - 135 degree 
phasing equal amplitude current array. 
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fig. 5. Three-element, in-line configuration. 114-wave 
spacing, - 90 degree and - 180 degree phasing, 1:2:1 
current ratios. 

Xo,. . .Xn and Yo,. . . Yn are the physical 
distances in terms of degrees of wavelength 
from the 0,0 coordinates 

0 = horizontal direction considered 

There will be as many terms as there are elements. It . 
is usually convenient to place one of the elements at 
the X- Y axis (origin) and to consider this element the 
reference element. This also simplifies calculations 
since all of its angular components then equate to 
zero. Since we are interested only in the magnitude 
of the vector sum of the individual terms, the angle 
resulting from this calculation is discarded. 

two-element array calculations 
Referring to fig. 1, consider a two-element array, 

with the reference element located at the origin. eo is 
the amplitude of the electric field of this element at 
some given distance in any direction, with a drive 
phase displacement Bo of 0 degrees. Similarly, at the 
same distance, the field of the other element is el 
with its driving-point phase displacement of 61 
degrees with respect to the reference element. At the 
given distance (assumed to be far enough removed 
from the array so that the combined field can be con- 
sidered a plane wave) E is the vector sum of the fields 
eo and el  in the horizontal direction 8 degrees. Note 
that both displacements, the physical and the electri- 
cal terms, are given in degrees. 

We are interested only in determining a relative 
field plot for an array. We want to know what the 
fields are at various azimuths relative to the field at 

some fixed angle (usually chosen as the maximum 
field direction). Provided all the elements are identi- 
cal, we can substitute current for voltage and we can 
state this current as a ratio of the reference-element 
current amplitude. For example, if each element 
were to be fed with equal current amplitude, the ratio 
would be 1 for each element. 

fig. 6. Three-element, in-line configuration, 118-wave 
spacing - 135 degree and - 270 degree phasing, 1:2:1 
current ratios. 
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fig. 7. Three-element, triangular configuration. 0.289 
wave spacing -90 degree and -90 degree phasing, 
1:l: l  current ratios. 



I I I I I  
1 1 1 1  

/ , 1 1 1 1 1 1 1 1  
l l l l 1 1 1 l I I  

- ~ B ~ - c - L - L - c - c - L - c - L - I  
i l l  I l l  1 1 1 1  
I 1 1 1 1 1 1 1 1 1  
' 1 1 1 1 1 1 1 1 1  -58 i -...- 

0 28 4 0  60 80 ! 8 0 ! 2 0 ! 4 0 ! 6 0 ! 8 0  
Degrees  

fig. 8. Three-element, triangular configuration 0.289 
wave spacing - 110 degree and - 110 degree phasing, 
l:0.5:0.5 current ratios. 

three-element array calculations, 
A specific example illustrates how to use this equa- 

tion. Referring to fig. 2, assume an equilateral trian- 
gular array with 0.289 wavelength spacing (that is, 
103.92 degrees): 

Since this is an equilateral triangle, or = 30 degrees. 

Y I  = 90 tan 30° = 51.962' 

If equal amplitude current drive feeds the array and 
elements 2 and 3 are both phased - 90 degrees, the 
field at any azimuth O degrees is: 

Substituting values for 0°, we get: 

I 
(relative current 

magnitude) 

3.00 
2.78 
2.24 
1.59 
1.00 
0.85 
1 .Gu 

Refer to fig. 7 for a relative power plot of this array. 
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This graph requires explanation, since I have further 
manipulated the results for the portrayal of this data. 
First, the results are normalized, by dividing each 
result by the maximum value. Second, the logarithm 
(base ten) is taken of each normalized value and 
multiplied by 20 to make all the calculated points 
relative to 0 dB. Thus: 

dB (at azimuth 0') = 20 logro I /I , ,  

Since the maximum value for I occurs at 0' azi- 
muth, then normalizing to this value in terms of dB 
for the data listed above: 

decibels 

+ 0 
- 0.65 
- 2.55 
- 5.53 
- 9.54 
- 10.99 
- 9.54 

This method of representation best displays array 
rejection capabilities, not easily shown in a polar plot. 
For example, assume an array with a respectable 
- 30 dB FIB ratio. Whatever scale is used for the di- 
rection of maximum signal must now be divided by 
1000 to show this rejection. This will appear as little 
more than a flyspeck on a polar plot and provide no 
clear indication of variation with azimuth. Suppose 
we are listening to an S 9 + 30 dB signal at the front 
of our array; switching the array around, to the rear 

I I I I I  
I I J l  1 1 1 1  

fig. 9. Three-element, triangular configuration. 0.289 
wave spacing -90 degree and -90 degree phasing. 
1:0.5:0.5 current ratios. 
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fig. 10. Three-element, triangular configuration, +90 
degree and + 90 degree phasing, 1:0.5:0.5 current 
ratios. 

we will still see S 9, a not insignificant signal. Yet the 
reduction is by a factor of 1000, and if  the transmitter 
is running a kilowatt, our array will treat it as though 
it were only one watt! This illustrates the need for 
working with logarithmic decibels. But we should not 
forget what they represent; they are not linear. 

If the array is symmetrical and has been located 
symmetrically about the x or y axis, it is not 
necessary to plot more than 180 degrees; the other 
half is a mirror image. 

determining array gain 
The value for I ,  in the direction of maximum sig- 

nal, is not an absolute gain figure. This value is mere- 
ly derived from the number of elements and the 
absolute current ratios used. An indication of gain is 
obtained by observing the total included angle of the 
main lobe between the half-power ( - 3  dB) points; 
thus the smaller the included angle the higher the 
gain. The simplest way to determine gain is to make 
a polar power plot (square each azimuth calculation 
result). Calculate the area of this lobe and then deter- 
mine the equivalent radius of a circle having the same 
area. Using the same scale, the ratio of the length of 
the maximum lobe vector to this equivalent radius is 
the gain of the array over a single vertical element. 
However, on the low bands FIB ratio is much more 
important than gain. For the purposes of making ver- 
tical array evaluations from the field equation, keep 
in mind these implied assumptions: 

1. There is an infinitely conducting groundplane. 

2. All elements are electrically identical. 

Any departure from an infinitely conductive 
groundplane results in lower efficiency due to ground 
losses and a higher vertical radiation angle (of maxi- 
mum signal). If the elements are not electrically iden- 
tical, the real field pattern differs from the calculated 
one. For switchable arrays using the same feed net- 
work, further complications occur. Even the real field 
patterns will not be alike. 

n-element array calculations 
Using the field plotting equation and a program- 

mable calculator, any array layout can be examined. 
Simply choose the angular coordinates for each ele- 
ment, their drive current amplitude ratios and phase 
displacements. There are no restraints in choices of 
current amplitude ratios and phase displacements. 
(Later, these values will be used in calculating the 
element driving-point impedances, which in turn will 
determine the feed network.) 

Experimentation shows that equal current to all 
elements is not always best; neither are element 
spacings of 114 wavelength or current phase dis- 
placements of 90 degrees always optimum. Fig. 11, 
an equilateral triangle array, best illustrates these 
points. This array has elements spaced 118 wave- 
length apart with two of its elements operated at a 
current amplitude ratio of 0.5 and current phase dis- 

I I I I  

I I I l l l I l I  

fig. 11. Three-element, triangular configuration. 0.144- 
wave spacing - 135 degree and - 135 degree phasing. 
1:0.5:0.5 current ratios. 
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fig. 12. Four-element, 4-square configuration, 114-wave 
spacing - 90 degree and - 180 degree phasing, 1: l : l : l  
current ratios. 

placement of - 135 degrees. A number of represen- 
tative arrays have been plotted to show their general 
properties and to illustrate the variations that occur 
with changes in physical layout or varying input drive 
conditions. 

two-element arrays 
Figs. 3 and 4 are two-element array plots. These 

produce cardioid field patterns when driven with 
equal amplitude current with a phase displacement 
of - 90 degrees. The half-power beamwidth is about 
180 degrees with a theoretically infinite FIB at pre- 
cisely 180 degrees azimuth. The 118 wavelength 
spaced array has a slight edge in FIB performance 
but because of close spacing it has some special 
problems of its own which I will discuss presently. 

The 114-wavelength version is quite tolerant of 
drive condition deviations and displays a useful FIB 
ratio even with phase displacements far from opti- 
mum. These characteristics, plus its simplicity and 
small space requirement, account for its popularity. 
The easy tolerance of this design may also account 
for the unwarranted but widespread belief that more 
complex arrays will be equally amenable. It so hap- 
pens that if the feed network of this array consists of 
50-ohm, 114-wavelength coaxial feeders to the ele- 
ments and a 114-wavelength delay line, nearly opti- 
mum drive conditions will exist for best FIB. 

triangular arrays 
The triangular array plots aptly illustrate design 

parameter variation (figs. 7, 8, and 9). Prior articles3e4 
proposed 0.289-wavelength element spacing (result- 
ing in 0.25 wavelength for the distance from apex to 
base of the triangle). WICF proposed unity current 
ratios, with two of the elements phased - 90 degrees 
(fig. 7 ) .  W2PV proposed phasing these two elements 
at - 110 degrees and reducing their current ampli- 
tude ratios to 0.5 (fig. 8). The result for both of these 
arrays, while providing three alternatives for beam 
direction, is a not very spectacular maximum FIB 
ratio of - 10 and - 15 dB, respectively. If parts of 
both proposals are combined, that is, phases of - 90 
degrees and current ratios of 0.5 for these two ele- 
ments, maximum FIB ratio improves to nearly infini- 
ty (fig. 9). A little time spent with a calculator has 
changed a not-too-interesting array into an exciting 
performer. 

Both writers proposed to make these arrays 
switchable in six directions; W2PV omitted explain- 
ing how, and WlCF proposed an equal power di- 
vider. However, since the elements will not present 
equal and resistive driving-point impedances (in any 
of these variations), WICF's intended field plot can- 
not be achieved with equal power division. Since the 
half-power beamwidth of these arrays is about 135 
degrees, the additional complexity required to switch 

I I I I I I  

I I I I  
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fig. 13. Four-element, 4-square configuration, 0.272- 
wave spacing -90 degree and - 100 degree phasing, 
1:l: l: l  current ratios. 
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this array in six directions makes it of questionable sitivity of this array to small deviations in any of its 
value. Nevertheless, we can develop a feed network design parameters. For example, changing element 
which produces a leading phase of +90 degrees, spacing from 0.25 wavelength (fig. 12) to 0.272 re- 
making the array switchable in six directions (see fig. sults in the formation of two additional minor lobes at 
10). Two feed networks are required. A future article 
will present a lumped constant network equivalent to 
coaxial lines, except that current phase may be ad- 
vanced as well as delayed (and may be designed for 
any characteristic impedance one happens to 
require! 1. 

three-element in-line arrays 
This antenna is another example of an unequal 

current-amplitude-ratio driven array. The middle ele- 
ment current is twice that of the reference element. 
The 1 14-wavelength spaced version, properly driven, 
has a 90 degree included angle over which the FIB is 
better than -25 dB (approaching infinity at the 180 
degree azimuth). The half-power beamwidth is about 
150 degrees and is down - 6  dB, or one S-unit, at 
the +90 degree azimuths. On 80 meters the FIB 
capability of this array has been impressive in listen- 
ing tests, even with nearby stations (within 20 miles), 
the ultimate test of FIB on the low bands. I have 
often considered the possibilities of an antenna con- 
sisting of two such arrays, operated at right angles to 
each other. 

The 118-wavelength spaced array plot is a near 
duplicate of the wider spaced array. It has slightly 
higher gain as a result of its narrower half-power 
beamwidth of 110 degrees and it has a wider width 
over which F l  B exceeds - 25 dB. 

4-square arrays 
These arrays, although having four elements, are 

closely related to the three-element in-line type. The 
array projects its main lobe along a diagonal of the 
square, with the two middle elements driven at the 
same phase and the current divided between them. 
In effect, the middle element is split into two ele- 
ments. Half-power beamwidth is about 95 degrees, 
indicating a gain increase over the three-element in- 
line. The width over which the FIB is - 25 dB or bet- 
ter has increased to 150 degrees, though the average 
rejection over this range is not as deep as with three- 
element in-line arrays. The symmetry of this element 
arrangement allows the array to be switched in four 
directions using the same feed network; that is, the 
main lobe may be formed in either direction along 
either diagonal. As has been pointed out earlier, due 
to the significant dissimilarity of drive-point impe- 
dances of any element as the array direction is 
switched, more than ordinary care must be taken to 
ensure electrical symmetry. Experiments with the 
field equation demonstrates the high minor lobe sen- 
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fig. 14. Four-element. 4-square configuration, 1/8-wave 
spacing - 135 degree and -270 degree phasing, 1:1:1:1 
current ratios. 
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fig. 15. Four-element, 4-square configuration, l/4-wave 
spacing -90 degree and - 190 degree phasing, 1:1:1:1 
current ratios. 
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fig. 16. Four-element, +square configuration, 0.272- 
wave spacing - 90 degree and - 100 degree phasing, 
1 : l : l : l  current ratios. Poor granularity (plotted in steps 
which are too large). 

all elements fed equal current (amplitude), the half- 
power beamwidth is about 140 degrees as seen in 
fig. 7. The - 25 dB or better FIB width is a paltry 40 
degrees, although at 180 degrees azimuth i t  
approaches infinity. Except for increased gain over a 
single two-element array, the performance of this 
antenna is not notable and is not nearly equivalent to 
that obtained from the same physical layout when 
connected as a 4-square. 

As noted earlier for simpler arrays, the I /&wave- 
length-spaced 4-square field pattern is nearly identi- 
cal to the 114-wavelength-spaced pattern. In each 
type of array examined we can note differences 
which show improvements in all characteristics over 
its equivalent larger size array. However, closer spac- 
ing means high mutual coupling, which in turn 
means even greater sensitivity to element variations. 
Such an array is difficult to provide identical field pat- 
terns for all switchable directions. Unless you have 
prior experience with these arrays and have equip- 
ment for accurate measurements of the self- and 
mutual impedances of the array elements, you are 
strongly advised to avoid these closely spaced 
arrays. 

One-eighth-wavelength arrays present an interest- 
ing challenge and some opportunities. They offer the 
same array in much less area - and two-band opera- 

130 and 230 degrees (fig. 13). If the phasing is tion is possible. But if the height of the elements is 
changed from exact multiples to - 90 and - 190 de- 118 wavelength at the lowest frequency, the self-im- 
grees (fig. 151, the additional lobes have formed but 
without definition to the nulls. The same sensitivity is 
shown to small dissimilarities in drive current ratios 
among the elements. 

array of arrays 
This name refers to an antenna arranged to consist 

of arrays which are themselves arrayed. The simplest 
example consists of two two-element arrays config- 
ured as a square. Two adjacent elements are treated 
as reference elements fed in phase, and the remain- 
ing two elements are also fed in phase but displaced 
- 90 degrees. Current amplitudes are all equal. This 
scheme allows switching the main lobe in four direc- 
tions, except these are offset 45 degrees from the di- 
agonal directions. In combination with the 4 square 
feed network we could have eight directions. As 
commented in connection with the triangular array, 
since the half-power beamwidth of the 4-square fed 
connection is about 95 degrees, switching in a differ- 
ent feed network for these additional directions ap- 
pears to be a needless complication: (Perhaps more 
useful would be the provision for a separate feed net- 
work for optimum FIB operation of the array in the 
80-meter phone and CW subbands.) 

With 1 14 wave spacing, - 90 degrees phasing and 

I l l 1 1 1 1  
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-50, I I I I I I I I I  

0 20 40 60 80 180120!40360! 
Degrees  

fig. 17. Four-element, twin two-element array, arranged 
in a square configuration, 114-wave spacing -90 and 
- 90 degree phasing, 1:l: l: l  current ratios. This array of 
arrays does not use the Csquare feed network. 
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C O M M U N I C A T I O N S  D I V I S I O N  

(We Speakyour 
Language.) 

Backed by over 54 years of experience, Harvey 
continues to offer the broadest selection and finest 
service available for the amateur radio community. 
This experience has taught us that the ham needs 
special treatment and that is why Harvey has estab- 
lished a special division dedicated to the needs of 
the U.S. and foreign ham alike. 

One thing is for certain. A ham will never get the 
run around from Harvey. If we don't have something 
in stock, we say so and will order it for you-or-tell 
you where to get it. However, we are sincerely dedi- 
cated to the ham community and, as a result, our 

exoansive in- 
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pedances are going to be quite low. The resistive 
component will be about 6 ohms - not easy to work 
with, and placing a high premium on the need for a 
low-loss groundplane. If the element length is signifi- 
cantly more than 1/4 wavelength at the highest fre- 
quency, temporary sectioning of these elements has 
to be provided so that impedance measurements can 
be made (the elements have to be electrically sepa- 
rable into 1 14 wavelength or shorter sections for the 
measurements). 

other possibilities 
An interesting possibility is a five-element array 

which places an additional element in the center of a 
Qsquare. Since this element is always occupying the 
same electrical position in the array regardless of 
beam direction it represents no increased switching 
complication. F/B ratio width can be increased over 
that of the Qsquare even if -30 dB is used as the 
limiting criterion. Alternatively, if a way could be 
found to keep the "outrigger" elements from enter- 
ing into the act, this arrangement of elements could 
also be operated as crossed three-element in-line ar- 
rays. Although there would be some loss in gain, the 
tradeoff is a significant improvement in FIB depth. 

conclusion 
So much for the theoretical design. With the con- 

cepts and suggestions reviewed in this article, I hope 
I have given experimenters the tools and some ideas 
for selecting and siting an array. 

The next part of this series deals with self- and 
mutual impedances; how to measure them, and, 
most crucial of all, what to do with them. Until we 
know the driving-point impedances, the feed net- 
work design cannot proceed. 
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smart squelch 
A circuit to enhance 

voice reception 
in the presence 
of interference 

I did not plan to build a squelch. But now that the 
design is complete, I cannot find a better description. 
What I started out to do was simply to automate a 
feature that is already available on my Comm Audio 
Processor (CAP), Model 210.' 1 have named this new 
device the smart squelch or SSB squelch, because it 
is considerably more involved than those simple sys- 
tems that just open an audio channel when signal 
energy becomes present in a receiver's i-f amplifier. 

Most of those who bought or built the CAP design 
soon discovered that tuning an SSB signal is easier if 
you reduce gain on the high-band side of the binaural 
audio pair and then tune until vowel and vowel-like 
sounds fill the low-band channel. Then, you just raise 
gain on the high-band again to obtain full compre- 
hension and clarity. The explanation is that, with 
SSB, we are forced to tune an audio bandwidth at rf 
frequencies across a fixed oscillator associated with a 
receiver's product detector until the heterodyne 
process produces audio frequencies that sound nor- 
mal. Tuning from one side you first get that high- 
pitched, nasal-sounding monkey chatter as the 
powerful, and relatively long, voiced energy is heter- 
odyned to produce higher than normal audio fre- 
quencies. Conversely, tuning from the other side first 
produces sort of "wush, wush" sounds, as shorter 
high-frequency transient-like sounds translate at 
lower than normal audio frequencies. Of the two, the 
high-frequency nasal sounds contain much more 
energy and seem to be the more offensive. 

Clearly, it seemed, I would have to detect only 

when the low-band binaural audio band contains sig- 
nal energy, and use that information to un-squelch a 
normally squelched high-band channel. This would 
automate the rejection of the offensive monkey chat- 
ter, and in the process make tuning easier. Sounds 
simple, it is, and it works - but only when signal-to- 
noise ratio is good and noise interference is minimal. 
I wanted a system that would work in the real world 
of interference and noise. 

My design solution employs a particular set of fil- 
ters and a non-linear detection process that regener- 
ates the fundamental frequency of laryngeal voice 
sounds. This frequency is then rectified and used as 
a control signal. With this technique, much of the 
energy that would often false-trigger the squelch is 
rejected in the detection system. In effect, the 
squelch system is matched to particular aspects of 
human speech. Understanding my system requires 
some understanding of how humans speak. 

human speech 
Fig. 1 is a drawing made to simulate a voice spec- 

trogram. To produce such a spectrogram, a phrase 
one or two seconds long is recorded and then re- 
peated to give a picture showing the frequencies 
generated and a crude indication of relative ampli- 
tudes. Key features to note include the relative fre- 
quencies, the duration of various parts of speech, 
and the typical time between utterances. 

The fricative and plosive parts of speech contain 
energy starting from 1 or 2 kHz and rising to as high 
as 10 kHz or more. In our typical receiver's 3-kHz 
audio bandwidth we throw away most of this energy 
without too much loss in comprehension. But with- 
out some of this energy, however, words such as sat 
and fat would simply be heard as at. 

Voiced energy appears in lower-frequency regions 
of the sound spectrum (voiced speech means sounds 

By Don E. Hildreth, WGNRW, 936 Azalea 
Drive, Sunnyvale, California 94086 
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fig. 1. Spectrogram of the sentence "You may see 
Tom." 
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fig. 2. Simulated output of the human larynx. 

produced by vibrating the vocal cords, such as in the 
enunciation of the vowels a, e, i, o, u, or the nasals m 
or n; unvoiced sounds, such as the consonants t and 
p,  are produced without the vocal cords). To get a 
feel for how voiced sounds are made, consider what 
happens when you fill a toy balloon with air and then 
let the air escape through stretched lips at the end of 
the neck (this simulates our lungs, vocal cords, and 
larynx). The sound emitted is similar to the sound 
that comes from our own vocal cords. 

Fig. 2 shows a spectrum of sound recorded right 
at the vocal cords. Fig. 3 shows what comes out 
(that is, what we actually hear) when the spectrum of 
fig. 2 is filtered through the acoustic chambers of our 
mouth and nasal passages. The areas of relative peak 
amplitude are called formants. And where the for- 
mants are located is determined by how you hold 
your mouth while sounding your vocal cords. 

Fig. 3 shows the detailed structure and the rela- 
tively accurate amplitudes for a short time interval in 
the spectogram; the abscissa of fig. 3 corresponds 
to the ordinate of fig. 1 at a point in time when the 
formants match. In man, the voiced fundamental fre- 
quency, indicated by the first line and separation be- 
tween all harmonic lines, lies mostly between 80 and 
160 Hz. The first - and most powerful - formant 
ranges from about 300 to 600 Hz. These frequencies, 
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and an average 0.3-second gap between elements of 
speech (observed as average in many spectrograms) 
provide the key factors to the system's design. 

References 2 through 5 provide more information 
on speech and its production. 

system requirements 
The block diagram in fig. 4 shows everything re- 

quired to add the squelch system to an existing 
receiver. If you already have a CAP or something 
similar, you need only the laryngeal fundamental de- 
tector, timing control circuits, and solid-state switch. 

Since the binaural synthesizer has been covered in 
previous articles, a functional description will not be 
repeated. Note, however, that the binaural cross- 
over frequency is set at 750 Hz. This choice was 
made originally because most receivers have chosen 
this for CW band center. A very slight improvement 
would theoretically result if 600 Hz were used for the 
cross-over when using the squelch system. I could 
not hear an audible improvement, however, when 
600 Hz was tried, so the cross-over was left at 750 
Hz. Performance was quite good, however, when 
the squelch system was used with the CAP'S VOICE 
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fig. 3. Simulated vocal tract output. 
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fig. 4. The basic squelch system. 
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fig. 5A. The laryngeal detector. 

FILTER position. A description of the remaining cir- 
cuits follows. 

laryngeal fundamental detector 
A level sensitivity control precedes the first filter. 

That filter is designed to accept and amplify two or 
more of the voiced fundamental harmonics in the 
general frequency range of the first formant. These 
harmonics are separated by an amount equal to the 
fundamental frequency, and feeding a pair or more 
of them into a diode and load circuit will result in the 
generation of a large number of harmonics - as well 
as sum and difference frequencies. The second fil- 
ter/amplifier selects the difference frequency and 
rejects all others, effectively reconstituting the fun- 
damental voice frequency without any of its harmon- 
ics. This sine-wave energy is then fed to an absolute 
value circuit (a full-wave rectifier). 

The result of all this is the fast appearance of a dc 
level when your receiver is tuned at - or very nearly 
at - the proper frequency for an incoming SSB sig- 
nal. Remaining circuitry provides a fast release of 
switch 04. This switch keeps the high-band audio 

channel normally squelched - until tuning presents 
a normal (or nearly normal) voice signal to the detec- 
tor. Finally, a selectable "hang-time" is provided to 
enable the system to re-squelch quickly, or to remain 
open long enough to bridge time gaps between the 
words and phrases in normal speech, or to remain 
open somewhat longer still. 

interference rejection 
Ideally, the 300 to 600 Hz filter assembly should re- 

ject any audio energy outside of its bandwidth. Also, 
no single-line signal (and no dual-line signal with a 
frequency separation of more than 160 Hz within the 
300 Hz bandwidth) can produce a difference frequen- 
cy at the diode load output that can get through the 
80 to 160 Hz filter assembly. The system is thus 
matched to basic voice characteristics, making it 
much better at interference rejection than the first 
technique. The interference rejection is not perfect, 
however, because various combinations of other sig- 
nals and high noise levels will occasionally meet the 
detection requirements. When this happens the 
squelch opens, looks around for the hang-time 
period, and clamps down again. 
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circuit details 600 Hz filter, which is made up of an active staggered 

Fig. 5 shows the complete circuit with binaural pair bandpass filter driving an active two-pole high- 

synthesizer and a 2-watt audia output capability! A pass filter. The output from this filter is fed to a diode 

level-setting potentiometer is connected to the low- 'Write to Hildreth Eng~neering, P.O. Box 60003. Sunnyvale, California 

band audio channel to provide an input to the 300 to 94088 for PC board and kit information 
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fig. 6A. Combined spectrum for monaural sum to headsets. 

and its load circuit. Following the non-linear process 
is an active, staggered-pair bandpass filter and an 
active, two-pole lowpass filter that provides an 80 to 
160 Hz bandpass with a steep cutoff above 160 Hz. 
The output from this filter is fed to an absolute value 
circuit, which also provides an additional voltage 
gain of 10. Transistors Q1 through Q3 provide start 
and stop timing control, and Q4 functions as a clamp. 
Zener diode CR1 restores the no-signal + 5 volt input 
from the absolute value circuit to ground reference, 
thus ensuring that CR1 is off. This, in turn, results in 
Q2 and 0 4  being on, and 0 3  being off. 

When a signal activates the laryngeal detector, Q1 
conducts and shuts 02 off. The timing capacitor is 
quickly charged through RTI, which results in 0 3  
being on and 0 4  being off, thereby un-squelching 
the high-band audio channel. When an input signal 
disappears 02 clamps, but the voltage is left high on 
the timing capacitor, C, which must now discharge 
through RT2 before 0 4  can re-clamp. Three values of 
C are shown from which you can choose fast, medi- 
um, or slow squelch. The last switch position locks 
the squelch off. 

The power supply system uses small, totem-poled, 
5-volt regulators with a pull-down resistor to provide 
+ 10 volts and + 5 volts at signal ground for op-amp 
bias. This arrangement works well with a + 15 volt 
main source. It will function down to + 12.5 volts 
with some loss in available audio power. 

construction details 
This system employs a collection of relatively un- 

critical circuits. All filters are of low Q, which makes 
the use of 5-percent tolerance resistors and capaci- 
tors adequate. Paralleled trimming resistors are used 
in a few places where the calculated value falls right 
in between the normal 5-percent value. Calculated 
center frequency values are given for each bandpass 
filter - and this is the most critical factor. Center fre- 
quency of these elements may be "tweaked," if de- 
sired, by adjusting the resistance value on the resis- 
tor from the two capacitor and input resistor junction 

to ground. NPO ceramic capacitors and precision re- 
sistors are recommended only if the unit is to be used 
in extreme environments. 

operation 
It is best to first turn the squelch off and get used 

to tuning SSB signals with the normal binaural sys- 
tem, as indicated in the CAP article. Then, once you 
have a properly tuned signal and the squelch sensitiv- 
ity control all the way down, switch the squelch con- 
trol to FAST. This will immediately squelch the high- 
band channel. (The degree of squelch is determined 
by the resistance between the collector of Q4 and the 
high-band gain control. With R at 0 ohms you get 
maximum squelch; at 500 ohms you get 20 dB.) As 
you bring the sensitivity control up, a point will be 
reached at which the high-band audio will come on. 
Crank the control up a little higher to take care of any 
fade, then just listen for a while. Unless the speaker 
keeps up a fast monologue without pause, you will 
get an occasional squelch during pauses in speech, 
followed by an immediate squelch release as speech 
continues. 

How fast to set the hang-time is a matter of per- 
sonal preference and band conditions. If you are lis- 
tening to someone who has the habit of saying, 
"Well . . . (3 or 4 seconds) . . . I talked to Joe the 
other night . . . .," you may want the squelch on fast 
if there is nearby interference, so that you won't be 
bothered with that other stuff during the hesitation. 
On the other hand, if conditions are quiet, you may 
want the squelch on slow for less chop. A careful lis- 
tener will note that the squelch system will shave un- 
voiced sound if it is at the beginning of an opening 
statement. As it turns out, context saves the day and 
you just won't miss that occasional burst of noise. 

Other variables include relative gain settings on the 
binaural channels as well as your receiver's AGC time 
constant, and OFF selection in addition to the rela- 
tive settings of your rf and af gain controls. No doubt 
there are more. 
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fig. 6B. A simple system, useful in certain applications. 

alternative applications 
Fig. 6 shows t w o  of many potential applications. 

Those who  use headsets often prefer the same spec- 
trum in both ears. This is provided by using the cir- 
cuit in fig. 6A. You can also get this wi th  speakers by 
making them coaxial. The simple application in fig. 
6B omits the SSB tuning assistance advantage, but 
may be useful in some cases. 
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glossary 
low-band - The audio band from 100 Hz nominal to 750 Hz. 
high-band - The audio band from 750 Hz to a nominal 3 kHz. 
laryngeal - Sounds produced with the human larynx. 
fricative - Speech sound generated by breath forced through a restricted 

area, such as the sounds s and v. 
plosive - Speech sounds created when the breath is expelled suddenly 

from a completely closed oral cavity, as in the sounds of p and d. 
formant - Regions of a sound spectrum in which certain of the harmonics 

of laryngeal sound are passed with minimal attenuation (that is, areas 
of greatest amplitude). They are seen in the dark bands of fig. 1 and 
the peaked areas of fig. 3. 

hang-time - The time period during which the squelch remains open after 
voice sounds stop. 

t iming management - Control of rise, fall, or delay times. 
phoneme - A member of the set of the smallest units of speech that serve 

to distinguish one utterance from another in a language or dialect. 
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harmonic product detector 
for QRP transceivers 

A circuit that overcomes 
amplifier feedback problems 

in small QRP rigs 

Compact QRP transceivers that use a direct-con- 
version receiver on receive and a chain of amplifiers 
to boost a VFO signal in transmit often produce 
poor-quality transmitted signals. This is generally 
caused by insufficient decoupling or shielding in the 
amplifier chain, which permits feedback from one or 
more of the amplifiers to get into the VFO. That re- 
sults in instability in the form of frequency pulling, 
rough note, and the like. 

I first noticed this problem during the construction 
of a QRP transceiver similar to the unit described by 
W7EL.l Although my unit was not quite as compact 
as his it was still crowded, because my version incor- 

rn%-Tt; C 

0 0 

fig. 1. (A) Basic back-to-back mixer. ( 6 )  Voltage-cur- 
rent characteristics of the back-to-back matched 
diodes. 

porated two bands, a keyer, and two 0.9-AH re- 
chargeable batteries all in a 4 x 6 x 2-inch (10.16 x 
15.24 x 5.08 cm) box. Naturally, the smaller the rig 
the worse the problem, because of the proximity of 
components and wiring. 

While trying to think of a solution to this problem, I 
recalled the old ECO (electron-coupled oscillator) of 
many years ago. The approach there was to use a 
screen grid tube like the 6F6. The grid circuit oper- 
ated at one-half the desired output frequency, and 
the plate circuit doubled to the output frequency. 
Even with the wide-open breadboard layout used in 
those days, the transmitted signal was quite accept- 
able. Feedback into the ECO grid circuit had little or 
no effect on signal quality because of the difference 
in frequency between the grid and plate circuits and 
that of the following stages. 

Adapting this concept to my two-band solid-state 
transceiver (without adding more stages) became a 
possibility when I discovered in the literature a 
unique product detector that requires oscillator injec- 
tion at one-half the output frequency, thereby mini- 
mizing the feedback problem? 

The basic harmonic back-to-back mixer (or detec- 
tor) is shown in fig. 1A. As explained by the author, 
V. Polyakov, RA3AEE, the diodes provide the volt- 
age-current characteristic shown by the dotted line in 
fig. 1B. It is a symmetrical, cubical parabola, which 
can be achieved by connecting two matched diodes 
back-to-back. 

By Jack Najork, W5FG. 3728 East 85th Place, 
Tulsa, Oklahoma 74136 
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fig. 2. Improved mixer using a balanced arrangement 
plus bias via R1 and C1. 

RA3AEE describes the operation of the detector as 
follows: "When the local oscillator voltage goes 
through zero, both diodes are open circuit and the 
circuit current vanishes. At the peaks of both positive 
and negative half-waves of this voltage, one or the 
other of the diodes conducts and the signal source is 
connected to the load. In this way the mixer works 
like a switch, closing the circuit at a frequency equal 
to twice that of the local oscillator." 

This mixer has two significant characteristics. 
First, the local oscillator must be tuned to a frequen- 
cy one-half that of the incoming signal. Second, 
there is no direct current in the load circuit, which 
means that signals from high-power interfering sta- 
tions are not detected and thus produce no noise. 
This second characteristic is true only if symmetry is 
preserved in the detector. 

The circuit has several disadvantages, namely loss 
of signal power in coupling to the local oscillator and 
excessive sensitivity to oscillator injection for opti- 
mum conversion gain. RA3AAE devised several revi- 
sions to overcome these problems (see fig. 2). A bal- 
anced arrangement using four diodes overcomes the 
coupling loss, and, by applying a bias voltage to the 
diodes via R1 C1, the circuit becomes less sensitive 
to oscillator injection. 

Fig. 3 shows the final version of this detector, the 
one I used. Oscillator injection at point A should be 
adjusted by means of resistor R to achieve approxi- 
mately 1 volt RMS. Too low an oscillator injection 
will reduce conversion gain, but I noticed no ill 
effects from higher levels of injection. The optimum 
value of R in my case was 270 ohms, but this value 
will depend on individual circuitry. 

I used an RCA CA3019 diode IC for the detector 
with pin connections as shown. The usual IN914 or 
hot carrier diodes would also be suitable. The 
RA3AAE version used germanium diodes, and the 
reported optimum oscillator injection voltage for 
these was 0.6 to 0.7 volts RMS. 

My transceiver follows the basic pattern of the 
W7EL unit, shown in block form in fig. 4. The driver 

V F O  
BUFFER 

T -  I5 T U R N S  NO 3 0 E  
T R I F I L A R  WOUND 

6 p H  F E R R I T E  CORE 

~ x c a p l  as ~ndlralsd, dscrmsl 
IBIYOS 01 capae#tanca are tn mcro 
brads l,,F): olherr are an plcof@r 
ads (pF); tsstrlancar are ~n ohms. 
k = 1,000 M = 1.000,000 

fig. 3. Harmonic mixer circuit used in transceiver. 

fig. 4. Block diagram of QRP transceiver, based on the 
W E L  design, and using the harmonic product detector. 

transistor, however, now becomes a doubler. There 
remains enough drive for the desired input of 2 watts 
to the final, for output on 40 or 20 meters of about 1 
watt. 

I have a 5-kW broadcast station almost in my back 
yard, and I was pleased to find that the harmonic de- 
tector, as claimed, was not susceptible to fundamen- 
tal overload. The original article also claims excellent 
isolation between oscillator and antenna. Finally, be- 
cause the oscillator is operating at a lower frequency, 
drift is reduced and stability enhanced. 

For those interested in the higher frequencies, see 
the article by WABRDX on the twin-diode microwave 
mixer in ham radio, October, 1978, page 84. 

references 
1 .  "An Optimized ORP Transceiver," OST, August, 1980, page 
2 .  Amateur Radio Techniques, Seventh Edition, Radio Society of Great 
Britain, pages 131 and 132. 
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ham radio 

The technical advances made in 
ham radio during the last two 
decades have been amazing. Moon- 
bounce (EME) and satellite communi- 
cations are now commonplace. Some 
avid operators have made DXCC via 
satellite and others have made WAC 
via moonbounce. 

On the lower frequency bands, the 
technical advances have been equally 
impressive. Solid state has sup- 
planted vacuum tubes up to power 
levels of several hundred watts and a 
new order of frequency control has 
been provided by digitized, fre- 
quency-synthesized transceivers 
using a high-stability crystal oscillator 
as master frequency control. Fre- 
quency synthesis with 10-Hz readout 
is practical for ham equipment and 
synthesis to 1 Hz is often used in 
commercial gear. 

So here we are in mid 1983, with all 
this great equipment that would 
make the Amateur of the sixties turn 
green with envy. But what price have 
we paid for these technical advances? 

One problem with the new gear 
that's showing up on the ham bands, 
but which has been largely ignored 
except by those affected, is that of 
white noise interference. 

White noise is uniform-spectrum, 

random noise heard as an unwanted 
signal in communications equipment. 
It is caused primarily by random mo- 
tion of electrons in a circuit and has 
been a well-known problem in tele- 
phone circuits for years. It's been 
largely overlooked in Amateur Radio 
because the signal levels encountered 
in the past were great enough so that 
white noise was not a problem - and 
also because the relatively unsophisti- 
cated circuits used until recently did 
not generate much white noise. That 
is no longer true. Improvement in 
receiver sensitivity, stability, and dy- 
namic range, coupled with frequency 
synthesis and phase-locked-loop sys- 
tems, has created a white noise prob- 
lem that is hard to ignore today. 
Here's a typical example of a white 
noise problem that was encountered 
by a good friend of mine: 

My friend Joe finally traded in his 
VFO-controlled, tube-type trans- 
ceiver for a brand new, solid-state, 
synthesized PLL rig. He was hugely 
pleased with its sensitivity, stability, 
dynamic range, and its frequency 
readout to 100 Hz. When his close 
friend John (who lives on the next 
.block) decided to get a new rig, Joe 
encouraged him to buy a transceiver 
just like his. John did, and soon there 

were two identical transceivers on the 
air in the same neighborhood. 

Up till then the two friends had 
operated with no problems. Each ran 
about 200 watts input to a high- 
grade, tube-type transceiver, and 
when their triband beams were not 
pointed directly at each other, caus- 
ing receiver overload, they could both 
work the same band at the same 
time. When they worked different 
bands, neither knew the other was on 
the air. This situation had existed for 
many years. But soon both Amateurs 
were dismayed to discover that their 
brand new transceivers generated so 
much white noise hash that operation 
on the same band at the same time 
was impossible. Even operation on 
adjacent bands was marred by an S3 
background noise level from the near- 
by transceiver! 

Joe told me, "When my friend is 
listening on the same band I am lis- 
tening to, I hear a rushing noise with- 
in 30 kHz of where he is tuning. 
When he transmits, the white noise 
completely wipes out reception on 
that band and ruins reception on the 
adjacent bands. And my transceiver 
does the same to him!" 

The white noise problem is plagu- 
ing another local Amateur: Harry lives 
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about a quarter mile from another 
DXer. Both Amateurs run full power. 
Harry has a tube-type receiver and 
transmitter of the highest quality. His 
friend has a solid-state receiver and 
exciter. Harry tells me his reception is 
completely blocked out when he aims 
his beam at the other DXer's house. 
Unfortunately, that direction is the 
direct path to Europe! When both are 
operating at the "low end" of 20 
meters, most DX signals below S5 or 
thereabouts are lost in the white 
noise hiss generated by the solid- 
state equipment hooked up to the 
nearby DXer's beam. For the last six 
months Harry hasn't had many Euro- 
pean contacts, and he is very un- 
happy about it. 

Disturbed by these stories, I called 
up a local ham who has a solid-state, 
synthesized hf transceiver. I ran some 
tests, listening to his equipment while 
he was both receiving and transmit- 
ting. The results were negative: I 
heard no white noise at all from his 
rig, which was about two miles away. 

After checking with some other 
Amateurs in the area I came to the re- 
luctant conclusions that l i t t le is 
known about the white noise problem 
with respect to Amateur gear, that 
the amount of noise interference gen- 
erated by hf gear varies between 
manufacturers from type to type, and 
even from unit to unit. One rig may 
generate a lot of white noise interfer- 
ence for nearby Amateurs while an- 
other will be relatively clear of it. No 
general conclusions can be drawn 
about individual pieces of equipment 
at this time, except that the problem 
seems to be widespread. 

Does your equipment generate 
white noise interference? Ask a 
neighborhood ham to listen on the 
skirts of your signal for the character- 
istic hissing sound. It may go out as 
far as 100 kHz from the carrier fre- 
quency. Or, if you have an auxiliary 
receiver, remove the antenna and lis- 
ten yourself. You may be surprised! 

I'll be interested to hear from any 
Amateurs on this subject. Let me 

300- 
OHM 
IN 

300. 
- OHM 

OUT 

fig. 1. The KSBDZ TVI filter. The capaci- 
tors are 20-pF variable ceramic units. 
Coils L1 and L3 are forty tukns No. 30, 
closewound, 118-inch diameter. Coil L2 
is twenty-two turns No.  30 close- 
wound, 118-inch diameter. 

know the type of equipment and the 
noise problem you encounter. 

I think the subject of white noise is 
best summed up by an editorial in the 
newsletter Amateur Radio Today 
which says, in part, "The question is 
not whether the hash exists, but 
rather to what degree, and whether 
or not it is bothersome . . . 

"While any unnecessary hash in a 
receiver is unwanted, we at Amateur 
Radio Today feel that the tradeoff be- 
tween a small amount of noise and 
having the frequency-selection flexi- 
bility offered by a synthesizer may be 
worthwhile. That's judgment each 
individual will have to make." 

a thoughtful review 
of signal reporting 

The present RST system for report- 
ing signal strength was devised by 
Art Braaten, W2BSR, about 1934. It 
certainly has withstood the test of 
time; it is still being used nearly fifty 
years later. Old Timers will remember 
the previous QSA and R system, 
(Your sigs are QSA 5 R9), which rap- 
idly faded away as the RST system 
took over. 

It is apparent, however, that flaws 
are appearing in the venerable RST 
system. Sideband operators have ex- 
panded the system to include "deci- 
bels over S9" and CW operators have 
clipped the system so an RST 599 sig- 
nal is now 5NN. Obviously, the tech- 
nical advances in communications 

over the last few decades have out- 
stripped the system of reporting sig- 
nal strength. 

two solutions to 
the RST problem 

It is simple enough to add decibel 
ratings at the top end of the scale as 
the sidebanders have done. CW oper- 
ators could use the scheme by substi- 
tuting an exclamation point for each 
additional 10 dB of signal strength. 
Example: 5NN!! means 20 dB over 
599. Simple! 

But the system really breaks down 
when it comes to weak-signal report- 
ing. Nobody wants to give an S1 or 
an SO report, and some rare OX sig- 
nals are really weaker than that! 

Two 1983-style solutions to the 
weak signal report have surfaced re- 
cently. One system is for weak-signal 
(moonbounce) VHF work, and the 
other for 75-meter OX work. Both 
bands are well known for long-dis- 
tance DX contacts under adverse 
conditions. 

The problems seem to arise when 
the DX signal is virtually buried in the 
noise. Listening to such a signal after 
a length of time can produce some 
queer effects on the listener. He 
imagines that he hears the DX signal 
calling him! Perhaps it is only an un- 
even change in the background 
noise, or merely a hunch, but the lis- 
tener is sure he is in QSO with the 
almost-inaudible DX station. And, by 
George, many times he is correct. 

the 80-meter 
reporting system 

Experienced DXers are well aware 
of this phenomenon. (In fact, some 
DXers can work a station when it isn't 
even there. But such a situation is 
outside the scope of this discussion.) 

The 80-meter reporting system 
(attributable to Gordon, W'IFU, I be- 
lieve) is termed the "ESP System," 
the initials standing for extra-sensory 
perception. Signals are graded on an 
ESP scale of one to five. The scale 
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fig. 2. Construction details of the U.S. Bureau of Standards crystal radio receiver 
(1920). 

has not been standardized, as far as I 
know, the outer limits being ESP-1 
("the DX station is thinking of com- 
ing on the air,") to ESP-5 ("the DX 
station is inaudible but workable"). 
From all reports, the ESP system 
seems to be functioning quite well for 
both sideband and CW service on the 
lower frequency bands. I'II be happy 
to report on this exciting new aspect 
of Amateur Radio as it develops. 

the EME (moonbounce) 
reporting system 

I understand this signal reporting 

system was developed by  Dave, 
K1WHS. During, low-signal moon- 
bounce work hq noticed that very 
weak signals could be described as 
"musical noise," that is, noise that 
varied in tone as the receiver tuning 
dial was moved slightly. After listen- 
ing to an evening of such noise, try- 
ing to dig a signal out of the back- 
ground that he knew was there, Dave 
coined the term "lmagination- 
Enhanced QSO," the signal strength 
of which could be reported in IEQ 
units ranging from one to five. The 
IEO scale has not been established 
yet, as most IEQ reports have run be- 

tween zero and one. Much work re- 
mains to be done on this interesting 
system of signal reporting, however, 
before it becomes practical. Stay 
tuned in and I'II keep you up to date 
on late developments. 

an adjustable TVI filter 
for 300-ohm line 

Bill, KSBDZ, has used an interest- 
ing TVI filter for a number of years 
with good success. It is the basic 
handbook f i l ter which has been 
around for a number of years, except 
that Bill has changed the fixed capac- 
itors to variable ones (fig. 1). The 
filter can be made up on a piece of 
perf-board for a trial run and later 
placed in a shielded box, if desired. 
The filter is installed at the 300-ohm 
TV receiver antenna terminals, or 
close to the tuner. Simply adjust the 
trimmer capacitors for maximum TVI 
rejection. If the filter is in a box, holes 
drilled in the cover will permit adjust- 
ment. 

Bill has built about forty of these fil- 
ters and has had good luck with all of 
them. 

a construction project 
for beginners 

Shown in fig. 2 is a simple all-wave 
receiver for beginners that was de- 
signed by the U.S. Bureau of Stan- 
dards. I t  can be easily built in a 
wooden cigar box by even the inex- 
perienced. Designed about 1920, this 
venerable old circuit was featured re- 
cently in Practical Wireless (England). 
The magazine had this to say about 
the circuit: 

"The object is to contact the crys- 
tal gently with the catswhisker in the 
hope of finding a sensitive spot which 
would cause rectification of the signal 
to take place. Many gentle applica- 
tions were generally required before 
the spot could be found. Unfortu- 
nately, the slightest vibration would 
usually destroy this delicate setting, 
and the tedious business would have 
to be repeated." 

And you think you have problems? 
ham radio 
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ICOM is proud to announce 
the most advanced amateur 
transceiver in communications 
history. Bosed on ICOM's 
proven hlgh technology and 
wide dynamic range HF receiver 
deslgns, the IC-751 is a 
competition grade ham 
receiver, a lOOKHz to 30 MHz 
continuous tuning general 
coverage receiver, ond a full 
featured all mode solid state 
hom band transmitter, that 
covers all the new WARC bands. 
And with the optional internal 
AC power supply, i t  becomes 
one compact, portable/field 
day package. 

Receiver. Utilizing an ICOM 
developed J-FET DBM. the IC-751 
has (I 105dS dynamlc range 
The 70.451FMHz first IF virtually 
elim~nates spurlous responses. 
and a h~gh gain 9.0115MHz 
second If-. ~ v ~ t h  ICOM'S PRT 

selectivity. A deep IF notch filter. 
adjustable AGC and noise 
blanker (can be adjusted to 
el~m~nate the woodpecker). 
oud~o tone control, plus RIT with 
separate readout provldes easy- 
to-adjust, clear reception even 
in the presence of strong QRM or 
high nolse levels A low nolse 
receiver preamp provides 
except~onal reception sensitivity 
as reau~red. 

Transmilter. The transm~tter 
features h~gh rel~obll~ty 2SC2097 
trans~stors In a low IMD (-32dB 
100W). full 100% duty cycle 
(~nternal cooling fan standard). 
12 volt DC deslgn Qu~et relay 
select~on of transmltter LPF s. 
tronsm~t audlo tone control. 
mon~tor clrcult (to mon~tor your 
own CW or SSB s~gnal), XIT, and 
a hlgh performance speech 
processor enhance the IC-751 
transmltter s operat~on For the 
CW operator. seml break-~n or 
full QSK IS prov~ded for smooth. 
fast break-ln keylng 

Dual VFO. Dual VFO's 
controlled by a large tuning 
knob provide easy access to 
split frequencies used in DX 
operat~on. Normal tuning rate is 
in 10Hz Increments and 
increasing the speed of rotation 
of the main tunlng knob shifts 
the tuning to 100Hz increments 
automot~cally. Pushing the 
tuning speed button glves 1KHz 
tunlng Digital outputs are 
available for computer control of 
the transcelver frequency and 
functions. and for a synthesized 
voice frequency readout 

32 Memories. Thlrty two 
tunable memorles are provlded 
to store mode. Vf 0, and 
frequency, and the CPU IS 
backed by on Internal llth~um 
memory backup battery to 
ma~nta~n the memorles for up to 
seven years Scann~ng of 
frequenc~es memorles and 
bands are poss~ble from the unlt. 
or from the HM 12 scannlng 
m~crophone In the Mode-S 
mode, only those rnemorles wlth 

a particular mode are scanned: 
others ore bypassed. Data may 
be transferred between VFO's. 
from VFO to memorles. or from 
memories to VFO. 

Features. All of the above 
features plus full funct~on 
meter~ng. SSB and FM squelch. 
conven~ent large controls. CM 
opt~on, a large select~on of plug- 
In f~lters and a new h~gh v~s~bll~ty 
multi-color flourescent d~splay 
that shows frequency In whlte. 
and other funct~ons In wh~te or 
red make the IC-751 your best 
cholce for a superior grade HF 
base transcelver 

Options. FM un~t, external 
frequency controller, external P S  
15 power supply, Internal power 
supply h~gh stob~l~ty reference 
crystal (less than 100Hz. -10 C to 
60 C) tiM12 hand mlc desk 

mlc fllter optlons 
SSB FL30 FL44A 
CWN FL52A. IL53A 
AM FL33 

Theworld System 
fl 147 lCOMAmerico.lnc., 21 12-1 16th Ave NE. kllewe, WA 98004(206)454-8155 / 3331 Taverwood Drive.Suire307. Dollas,TX 75234(214)620-2780 

All $tored ~ l f i c o n o n s  ore op(roumare and subpo ro change wmoul mnce a cbl~qonon All ICOM rodlor wqnlflconrly exceed FCC regulonons lhmlnng qwnous emlsvonr 
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stan wllh hls last mltlon as ass~stant sentor 
technical edltOr Presently he IS the techn~cal 

d 
New Pam-Sleeve Design 
The Explorer 14 IS a new ar ttenna design we call PARA-SLEEVE which uses an "open-sleeve" dipole optimized for max- 
lmum bandwidth and directivity. Here is the concept. A central dipole, driven directly by the transmission line, has a 
wave resonance on the lowest operating fmqUenCy. Two shorter sleeve elements, tightly coupled to the central dipole. modify 
its impedance to create a l/2 wave resonance on the highest operating frequency. This para-sleeve system is expand* 
by the addition of 15 meter traps and 20 meter element tips. A revolutionary new concept for HF tribanders. So unique. 
we've applied for a patent. 

Broadband Performance 
The Explorer 14 will load solid state transceivers to maximum output with VSWR below 2:1, eliminating the need for an 
antenna tuner. You'll have edge to edge broadband performance on 20. 15 and 10 meters with gain and front-to-back ratio 
competitive to giant tribanders that cost twice as much or more. You'll be able to work stations you cannot even hear with 
a dipole antenna. And, the Explorer 14 handles maximum continuous legal power with a respectable safety margin. 

. . 

Short Boom Save Space and Money 
If your space or budget was too limited for a long boom tribander. chances are the Explorer 14 will ffi, both. The boom is 
only 14' (4.3 m) long and the turning radius requires only 17'3" (5.3 m). The compactness of the Explorer 14 reduces its 
overall weight and windload surface so you can fmOUnt it on a roof tripod, a mast or a tower. For example, the Hy-Gain 
CD-4511 rotator and HG52 tower are a perfect match for the Explorer 14. This saves you the cost of an extra heavyduty 
rotator or tower. 

Superior Construction 
The Explorer 14 includes passivated stainless steel hardware and heavy gauge, pre-formed element and mast brackets. 
H~gh grade 606H832 thick wall swaged aluminum tubing is used throughout. A BN86 balun is included and a new Beta 
Multi-Match provides DC ground to reduce lightning hazard and precipitation static. It's a rugged, easily assembled antenna 
that survlves winds to 100 mph (160 kmfi). 

Quad Band Option 
You can add a fourth band, either 30 meters Or 40 meters to the Explorer 14 with the OK-710 kit. A kit that attaches to 
the central dipole and IS easily adjusted for either 30 meters (WARC) or 40 meters at minimal extra cost. 

30 years he sewed on the ARRL technical 

editor for CO rnagazlne. Here is what he had 
to say about the Explorer 14: 

"In my opinion, with Explorer 14. 
Hy-Gain produced a truly high 
gain, high performance antenna in 

' ,  a small package. The "para- 
sleeve" design provides the 
amateur a whole new ball game, 
particularly in the area of broad- 
banding. I was really surprised 

p.: .....". 
: :  ing my recent visit to the Hy-Gain ....... 

SPEClFlCATlONS 
Electrical .......... 

Fmquencles o f  operation: E M  ISM TOM 
Under 2:l VSWR (MHz). . . . . .  14.0-14.35 21.0-21.45 28.0-29.7 

. . . .  Maximum F/B Radio (dB). 27 27 21 
. . . . . . . .  Maximum Gain (dB). 7.5 8.0 8.0 

Maximum Power.. . . . . . . . . . .  Maximum Legal 
Lightning Protection.. . . . . . . .  DC Ground 

Boom Length 
Turning Radiu 
Net Weight. . 
Wlnd Surface nrea. 

Mechanical 
14'lTh" (4.3 m) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 '3"(5.3 m) 
.43 I&. (1 9.5 kg) . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  7.5 sq. ft. (.69 mz) 
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SAVE $472.40 
Complete Antenna Rotator 8 Tower System 

0, 
n 
P 
01 

PLUS FREE DELIVERY. 
(D 
cD 
4 

8 

'Any other Hy-Gain antenna. rotator or tower may be substituted at regular Ham 
net. Free Delivery is offered for shipping points within contiguous 48 United States 
only. Offer is extended through participating TeleWy-Gain Amateur products 
distributors only. 

Feed polnt and balun. 

ACT NOW! 

C 
E 
3 
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TELEX. 
TELEX COMMUNICATIONS, INC. 

t 9600 A m  bm So. MomeeixM. MN 55420 U.S A. 
Eurooe- Le Bonnperte-Mrtce 711. Centre Affares Pam-Nord. 93153 Le B(enc-Maail. Francs. 

Fa 
t2 

Ham Net Prim 
Explorer 14 Tribander Antenna Ham net Price 
Includes BN-86 Balun and Beta Multi-Match 8 399.95 
HyGa~n CD4511 Rotator 164.95 
Hy-Ga~n 52 foot (15.8 m) Crank-Up Tower Model HG52SS 1,095.00 
Antenna Mast. 10 feet (3.5 m) 68.50 
Three Coax Arms 39.00 - 

Total Ham Net Value $1.767.40 
Special Introductory System' $1.295.00 -- - 

YOU SAVE 5 472.40 



I!: - ..* 

Stuck with a problem? 
Our TE-l2P Encoder might be just the solution to pull 

you out of a sticky situation. Need a different CTCSS 
tone for each channel in a multi-channel Public Safety 
System? How about customer access to multiple re- 
peater sites on the same channel? Or use it to generate 
any of the twelve tones for EMS use. Also, it can be used 
to access Amateur repeaters or just as a piece of ver- 
satile test equipment. Any of the CTCSS tones may be 
accessed with the TE-12PA, any of the audible frequen- 
cies with the TE-12PB. Just set adip switch, no test 
equipment is required. As usual, we're a stickler for 
lday delivery with a full 1 year warranty. 

Output level flat to within 1.5db over entire range selected. 
Immune to RF. 
Powered by 6-30vdc, unregulated at 8 ma. 
Low impedance, low distortion, adjustable sinewave output, 
5v ~eak-to-~eak. 

TE-12PA 

67.0 XZ 85.4 YA 103.5 1A 127.3 3A 158.7 5A 192.8 7A 
71.9 XA 88.5 YB 107.2 1B 131.8 38  162.2 5 8  203.5 M I  
74.4 WA 91.5 22 110.9 22 136.5 42 167.9 6Z 
77.0 XB 94.8 ZA 114.82A 141.34A 173.86A 
79.7SP 97.4ZB 118.828 146.248 179.968 
82.5YZ 100.0 1Z 123.032 151.4 52 186.2 72 

Frequency accuracy, + .1 Hz maximum -40°C to +85'C 
Frequencies to 250 Hz available on special order. 
Continuous tone 

TEST-TONES: TOUCH-TONES: BURST TONES: 
600 697 1209 1600 1850 2150 2400 

lo00 770 1336 1650 1900 2200 2450 
1500 852 1477 17% 1950 2250 2500 
2175 941 1633 1750 2000 2300 2550 
2805 1800 2100 2350 

Frequency accuracy, + 1 Hz maximum -40°C to + 85°C 
Tone length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

lnstant start-up. 
$89.95 

# &' COMMUNICATIONS SPECIALISTS 
426 West Taft Avenue, Orange, California 92667 
(800) 854-05471California: (714) 998-3021 r /  129 

mEa 





AII Bands Dual VFO s I 8 to  30 MHZ 200 warts fxtrernelv Cornpart 3 5 t o  30 MHZ 
General Coverage 8 Mernorles Super Recelver . Selectable IFIPBT 200 watts lnexpenslve 
200 watts Tilnlng 

~ ~ C W ~ Q ~ E T  - - ~vc",nlhr - scan~s~q m n e n ~ ~ y v ~ ~ u ~  
A-3 

- 

$175 HC37SS $ 649 H F ~ V  $109 
A-4 $226 HC52SS $ 919 q n n  

R-3 $226 HC54HD $1429 KT34A $299 
AV-5 $ 90 HC70HD $2339 KT34XA $449 
214-FB S 69 HG50MTS $ 749 144-148LBA S 69 
32-19 5 82 
40-2CD $260 LARSEN CALL AEA CALL 
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10 GHz ultra stable oscillator 
Frequency stability 

of 3.0 ppm 
is yours in a GaAs FET 

microwave source 

The original work for the oscillator described in this article was for 
use as an LO in a DBS (direct broadcast satellite) downconverter. 
The frequency of oscillation is 10.76 GHz and all test data given is 
for this frequency. The 10.0 - 10.5 GHz Amateur band can also be 
easily accessed using this same oscillator. With correct selection of 
dielectric size, the same circuit can be made to oscillate from 7 to 16 
GHz. 

There are t w o  key elements which make the appli- 
cation of a simple, stable microwave oscillator possi- 
ble. The first is the GaAs FET (gallium arsenide field 
effect transistor); the second is a temperature-stable, 
high-dielectric, low-loss material (barium tetratita- 
nate). The GaAs FET used for this oscillator is an 
ALF3000lALF3003 and the dielectric material is type 
D8512 by Trans-Tech, Inc., Gaithersburg, Maryland. 

The superior microwave performance of GaAs 
MESFETS is well documented, and usable gains are 
now possible from dc to over 40 GHz. The Alpha 
ALF3000 GaAs FET has over 9 dB of gain available at 
10 GHz and simplifies the conditions for oscillation. It 
also has moderate power-handling capability and 
achieves + 17 dBm (50 milliwatts) of output power at 
10 GHz with an efficciency of almost 28 percent. 

Oscillator stability of better than 3 parts per million 
over a temperature range of - 20 to + 60 degrees C 
results from using the Trans-Tech dielectric. This 
type D8512 material has a Q, (unloaded Q) of over 
3CXXI at 10 GHz and is responsible for the high stabil- 
ity. Fig. 1 shows a rough selection of material size for 
a given aspect ratio (diameterlheight ratio) versus 
frequency. Final dielectric size will depend on what 

the housing (cavity) shape is and how it affects the 
resonant fr,equency. 

Fig. 2 shows how the physical spacing of the die- 
lectric from a cavity wall varies the frequency of 
oscillation. The oscillator has a large mechanical tun- 
ing range and therefore a stable housing (cavity) is a 
must for maximum stability. 

A quick estimate of the frequency stability per- 
formance of any dielectric from barium tetratitanate 
can be obtained from knowledge of the dielectric's 
relative permittivity change with temperature. This 
constant, when divided by two (with reverse sign), is 
approximately equal to the frequency stability of the 
material impressed in a metal sandwich. A further im- 
provement by a factor of two is achieved when 118 
wave (length) of air spacing is included between the 
metal and the dielectric material. 

There is a trade-off involved in a, resonant fre- 
quency, and tuning range available in any given cavi- 
ty size. Frequency resonance of the dielectric goes 
up as it is brought closer to a wall and goes 
down. Smaller cavity sizes also have the same effect. 

Fig. 3. shows the quality of signal produced. Fm 
noise is extremely low and typically less than 0.1 
H Z I ~  at 100 kHz off carrier. 

It should be mentioned that many modes of oscil- 
lation are available, and care has been taken so as to 
couple only magnetically into the dominant TEOI 
mode. 

In high dielectric material, the lines of magnetic 
flux are more tightly contained than in lower dielec- 
tric material. Fig. 4 shows a simple view of this mag- 
netic coupling of the dielectric material to microstrip. 

The ability to frequency modulate this oscillator is 
shown by viewing the dc supply voltage versus fre- 
quency characteristics in fig. 5. Also shown is the 
output power versus dc supply voltage. 

Figs. 6 and 7 show the actual circuit and PC art- 
work needed to reproduce this oscillator. PC board 
material is Duroid D5880, 31 mils thick, 122-ounce 

By Dennis Mitchell, K8UR, 35 Mt.  Pleasant 
Street, Marlboro, Massachusetts 01752 
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RESONANT FREOUENCY I N  C A V l T l  
TRANS - TECH, INC 0 8 5 1 2  

1 0 -  

0 9  - 
o a -  

2 o r -  
x 
g 0 6 -  .. 
t 0 5  - 
:W 
g 0 4 -  

0 3  - 

0 2  - 
0 1  - 

0 - 
2 3 5 6 7 8 9 1 0  

F IGHzt  

fig. 1. First order approximation for the diameter of a 
dielectric resonator versus frequency for a 2.5 aspect 
ratio, cavity with air space. 

gate lead was bent around the device to attach to the 
gate strip. 

The design is very forgiving and has worked even 
with such problematic components at 10 GHz as 118- 
watt carbon resistors. The dielectric material was 
fixed in place on the PC board with Eastman 310 
Superglue, which appeared to have no ill effects on 
performance once hardened. The circuit did not os- 
cillate while the glue was wet and curing, however. 

I believe that the circuit could be placed on Tef- 
Glas PC material and would perform as well. Fiber- 
glass G-10 material could possibly be used for a 
housing, eliminating the aluminum machined housing. 

conclusion 
This puts 10 GHz well within reach of any Amateur 

with GaAs FETs and chip caps. (Even starting with- 
out any of these items, cost is still under $20.) The 
LO described here could be FM'ed on transmit with a 
reasonable power (50 mW) and used as the LO for a 
receiver with an i-f offset of, say, 28-30 MHz. The 

WALL 

DECREASE IN F R E O U E N C I  AS O ~ E L E C T R I C  IS MOVED 
AWAY FROM WALL 

fig. 2. Dependence of mechanical air spacing versus 
frequency tuning. 

copper on two sides with a dielectric constant of 
2.55. This board was placed in an aluminum housing 
with conductive silver epoxy. A plated through-hole 
in the ground area at the end of the gate strip pro- 
vides a good ground to the gate resistor. This resistor 
is a 50-ohm chip. If this is not in your parts box, a 
118-watt carbon with short leads can also be made to 
work. GaAs FET devices used were in both chip and 
packaged form. In the packaged form (ALF3003) the 

Note: While the ALF 3MX)13003 is no longer commercially available, many 
other common FETs may be used in its place. - K8UR 
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fig. 3. Spectral frequency response of a dielectric resonator 
oscillator. 

TRANS - TECH CERAMIC 
OIELECTRIC SPACER 

COPPER COPPER 
MICROSTIIIP al.: MICROSTRIP GROUND. 

COPPER ------ 
0 5 8 8 0  OUROdO PLANE 

fig. 4. Fundamental mode coupling between the dielec- 
tric and microstrip line. 
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fig. 5. Dc tuning and power output versus supply volt- 
age for the DRO. 

+ 2  TO *BVDC 

TYPICAL VALUES OF CI. 2 
I+FUNCTION OF DESIGN FREQUENCY) 
C I  100 - 4 70 pF CHlP CAP 
C2 2-IODF CHlP CAP 

fig. 6. DRO schematic. 

fig. 7. PC board artwork for the dielectric resonator 
oscillator (full scale). 

cost is not much more than that of the FET alone, 
and it's my hope it will stimulate some 10-GHz interest. 

ham radio 

@ K.V.G. 
9 MHz CRYSTAL FILTERS 

Ap 11. Bend. 
MODEL a & n  width Poles Price 

XF-9A SSB 2.4 kHz 5 553.15 
XF.90 SSB 2.4 kHz 8 72.05 
XF.9B-01 LSB 2.4 kHz 8 95.90 
XF-96-02 USE 2.4 kHz 8 95.90 
XF-98-10 SSB 2.4 kHz 10 125.65 

XF.SE F M 120 kH; 8 77 40 
XF.9M CW 500 Hz 4 54 10 
XF-9NB CW 500 Hz 8 95 90 
XF.9P CW 250 Hz 8 131 20 
XF910 IF nolse 15 kHz 2 17 15 

10.7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 8 $67.30 
XF107-B NBFM 15 kHz 8 67.30 
XFlO7.C WBFM 30 kHz 8 67.30 
XFlO7.D WBFM 36 kHz 8 67.30 
XF107.E P~xiData 40 kHz 8 67.30 
XM107.SO4 F M 14 kHz 4 30.15 
Export Inquiries Invited. Shipping 53.50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlstlng HF or 2M rlg on OtherVHFor UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 5 224.95 
1296MHZ MMk1296.144 119.95 
4321435 MMc435-286) 74.95 
439.ATV MMc439-Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMcl44-28 54.95 
Options: Low NF (2.0dB max.. 1.25 dB max.), other bands 8 IF'savailable 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output. 2M ~n MMt1296.144 5374.95 
433435 10 W output. 10M in  MMt435-2@S) 299.95 
144 MHz 10 W output. 10M ln  MMt144-28 199.95 
Other bands 8 IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 10 W output MML1296.10-L S ask 
4321435 100 W oulput MML432-100 444.95 

50 W output MML432.50.S 239.95 
30 W output M M L43c30.LS 209.95 

144 MHz 100 W output MML144-100-S 264.95 
50 W output MML144-50-S 239.95 
30 W output MML144.30-LS 124.95 
25 W output MML144-25 11 4.95 

All models include VOX TIR switching 
"L" models 1 or 3W drlve, other 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420.450 MHz MULTIBEAMS- 
48 Element 70lMBM48 15.7dBd 575.75 
88 Element 701MBM88 18.5 dBd 105.50 

144.148 MHz J-SLOTS 
8over8 Hor. pol DW2M 12.3 dBd 563.40 
8 by 8 Vert. pol DW2M-vert 12.3 dB6 76.95 
8 + 8Tw1st 8XY12M 9.5dBd ask 

UHF LOOP YAGlS 
1250.1350 MHz29loops 1296-LY 20dBi 344.95 
1650-1750 MHz29 loops 1691-LY 20dBi 55.95 
Order Loop-Yagi connector extra: Type N S14.95. SMA 55.95 

Send 4 N  ( 2  stanps) tor lull dela~lr ol  all your VHF I UHF equ~p- 101 := men1 and KVG crystal product requirements 1/ 17fi 

ice Box ' 
11742, U. 
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New low-noise microwave transistors make 
preamps in the 0.9 to 1.0 dB noise figure 
range possible without the fragility and power 
supply problems of gas-fet's. Units furnished 
wired and tuned to ham band. Can be easily 
retuned to nearby freq. 

For SSB, CW. An/.  FM, etc. Why pay big 
bucks for a multi mode rig for each band? Can 
be linked with receive converters for 
transceive. 2 watts outout. 

Exciter Antenna 
Input Range Output 

28-30 144-148 For VHF, 
Model XV2 
Kit $79.95 
Wired $1 19.95 
(Specify band) Medals LNAI ). 

P30, and P432 
shown Models to cover every practical rf & if range to 

listen to SSB, FM. AN, etc. NF = 2 dB or less. 

For UHF, 
Model XV4 
Kit $99.95 
Wired $149.95 

Antenna 
lnput Range 

Receiver 
Output 
144-1 48 

28-30 
144-1 48 
28-30 
28-30 

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

144-148 
144-148 
50-54 
28-30 

Tunable 
Frea Ranaa Nolse Flaure Gain Prlce 

LNA 28 2040  0.9 dB 20dB $39.95 
LNA 50 40-70 0.9 dB 20dB $39.95 
LNA 144 120-180 l.OdB l8dB  $39.95 
LNA220 180-250 1.0dB 17 dB $39.95 
LNA 432 380470 1 .O dB 18dB $44.95 

VHF MODELS 28-32 
50-52 

Kit $44.95 50-54 
Less Case $39.95 i:::;:; 
Wired $59.95 144-144.4 

I .Add 535 far 2M inout 

buy a transm~t converter 
above wtth 40-45W PA 

($1 29 95) and get $39 95 
cablnet FREE 

Our traditional preamps, proven in years of 
service. Over 20,000 in use throughout the 
world. Tuneable over narrow range. Specify 
exact freq. band needed. Gain 16-20 dB. NF = 
2 dBor less. VHFunitsavailable27 to300 MHz. 
UHF units available 300 to 650 MHz. 

P30K. VHF Kit less case $14.95 

UHF MODELS 432-434 28-30 

Kit $54.95 
435-437 28-30 
432-436 144-1 48 

Less Case $49.95 432-436 50-54 
Wired $74.95 439.25 61.25 

I P30C. VHF Kit with case $20.95 
P30W. VHF WiredtTested $29.95 
P432K, UHF Kit less case $18.95 
P432C. UHF Kit with case $24.95 

SCANNER CONVERTERS Copy 72-76,135- 
144,240-270,400-420, or 806-894 MHz bands I 

1 ~ 4 3 2 ~ ,  UHF Wlredflested $33.95 1 on any scanner. W~red/tested Only $79.95. 1 4 
LOOK AT THESE 

AITRACTIYE CURVES! I 

7144 6 R220 Front Enda HRA 144t220.1 HRF-144t220 

FM-5 PC Board Kit -ONLY $1 59.95 I 
I complete with controls, heatsink, etc. 

10 Watts, 5 Channels, for 6M, 2M, or 220 

I 

binet Kit, complete 
h speaker, knobs, 

lasts, get $59.95 
cabinet kit free when 

you buy an FM-5 Transceiver kit. 

R451 Receiver Front End Rcvr I-F Selectivity 

Our lab has developed a new llne of low-nolse 
receiver preamps with helical resonator filters 
built in. Thecombination of a low noise amplifier 
similartothe LNAseriesand thesharpselectivity 
of a 3 or 4 section helical resonator provides 
increased sensitivity while reducing intermod 
and cross-band interference in critical appli- 
cations. See selectivity curves at right. Noise 
figure = 1 to 1.2 dB. Gain = 12 to 15 dB. 

TmIcal SelecUnVy C m  
01 Recalvers and 

Hellcel Resonaton 
Model Tuning Range Price 
HRA-144 143-150 MHz $49.95 
HRA-220 21 3-233 MHz $49.95 
HRA-432 420-450 MHz $59.95 

I ( for only $159.95? - I 
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For years, Hamtronics @ 

Modules have been used by * 7 individual hams and manufac 
turers to make repeaters. Now, in 

the Hamtronics tradition of top v oualitv and su~erb value, we are ~ r o u d  - C  u 
' to offer-a complete repeater padkage. 

------- 
FEATURES: 

JUST LOOK AT THESE PRICES! f SENSITIVITY 0.1 5 uV ON VHF, SECONP 0.3 Tn "'""IE ND'PA1 I 

SELECTIVITY THAT C 
Band Klt WlredKested 8 POLE CRYSTAL FIL - 

6M,2M,220 $595 $745 RESONATOR FRONT - --- GREATER THAN 100 

440 $645 $795 AND R451 SPECS IN RECEIVER AD EEL&-' 

uV ON UHF. 

AN'T BE BEAT! BOTH - - - -  

.TER 8 CERAMIC FILTER FOR 
dB AT f 12KHZ. HELICAL 
FNnS SFF R144 R270 

Both kt1 and m'red unlk am camplem wlm all mrb modules, hardware, crysm,s, OI'HER GREAT RECEIVER FEATURES: FLU~TER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 

CALL OR WRITE FOR COMPLETE DETAILS. OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

Alsc aveilebk lor m m t e  site Ilnklng/crmsband 6 10M. CLEAN. EASY-TUNE TRANSMITTER; UPTO 20 WAlTS OUT. 

INTRODUCING - 1 NEW 1983 RECEIVERS 

R 1 U  Shown 

R144IR220FM RCVRSfor2Mor220MHz. 
0.1 5uV sens.; 8 pole xtal filter 8 ceramic filter 
in i-f, helical resonatorfront end for exceptional 
selectlv~ty (curves at left). AFC incl.. xtal oven 
avail. Kit only $1 19.95 
R e 1  FM RCVR Same but for uhf. Tuned line 
front end, 0.3 uV sens. Kit only $1 19.95. 

R76 FM RCVR for 1OM. 6M, 2M, 220. or 
commercial bands. As above, but wlo AFC or 
hel. res. Kits only $109.95. 
Also avail wI4 pole filter, only $94.95/ kit. 

RllOVHFAMRECElVER kitforVHFaircraft 
band or ham bands. Only $84.95 

R l l O  UHF AM RECEIVER for UHF uses, 
including special 259 MHz model to hear 
SPACE SHUlTLE. Kit $94.95 

HELICAL RESONATOR FlLTERSavailable 
separately on pcb w/connectors. 

HRF-144 for 143-150 MHz $34.95 
HRF-220 for 213-233 MHz $34.95 
HRF-432 for 420-450 MHz $44.95 

(See 8ekflbify cums at lert.) 

COR KlTS With audio mixer and speaker 
amplifier. Only $29.95. 

CWlD KITS 158 bits, field programmable, 
clean audio. Only $59.95. 

DTMF DECODER/CONTROLLER KITS. 
Control 2 separate onloff functions with 
touchtones", e.g.. repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $89.95. 

AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. 
Only $89.95. Requires DTMF Module. 

A1 6 RFTIGHT BOX Deepdrawn alum. case 
with tight coverand noseams. 7 x8x2 inches. 
Only $1 8.00. 

TRANSMITTERS AND 
ACCESSORIES 

I T51 VHF FM EXCITER for 10M, 6M. 2M, 
220 MHzoradjacent bands. 2 Wattscontin- 
uous. Kits only $59.95 

T451 UHF FM EXCITER2 to3 Wattson450 
ham band or adjacent. Kits only $69.95. 

V H F I  UHF LINEAR AMPLIFIERS. Use on 
either FM or SSB. Power levelsfrom 10 to45 
Wattstogo with exciters& xmtg converters. 
Kits from $69.95. 

More Details? CHECK-OFF Page 103 J 142 June 1983 6 



TRS 80 color computer for RTTY 

Using the TRS 80 
as a simple means 
of operating R T Y  

Using the TRS 80 is one of the least expensive ways 
of getting on RTTY. A computer gives you flexibility 
in speed control and the possibility of split-screen 
operation, as well as programming capability. But 
whether to write the program or buy one is a ques- 
tion. I decided to buy. 

After much looking, I finally located a program 
that did not cost too much yet had all the features I 
wanted. I loaded the tape into the computer and the 
TV monitor became alive with menus displaying 
Morse and RTTY commands. This was very nice, but 
all of my problems were not yet solved. 

A TU and AFSK unit had to be built if the com- 
puter was going to be able to accept the RTTY tones 

emanating from the receiver. I remembered a TU 
design from the December, 1980, issue of QST. It 
was an excellent design, and modifying it seemed 
quite feasible. 

Fig. 1 shows the schematic diagram as I modified 
it. I had no intention of running a TTY machine in 
series with the loop, so I deleted the optical isolator 
and the TTY driver circuit. The computer output line 
from pin 4 of connector P I  is an RS232-type of out- 
put (plus and minus swing around ground level). The 
RS232 level must be converted to a TTL level (zero to 
plus 4-volt level) fed to pin 9 of U2. U4 is an RS232- 
to-TTL converter; U1A in conjunction with U4 
applies the correct polarity to the AFSK unit. 

Pin 2 of P1 is the input line to the computer. Data 
out at pin 7 of U3 is connected to a 10-kilohm pullup 
resistor and the input of U1B. 

A comment concerning the lack of audio filtering 
at the TU input: The Exar 2211 phase-locked loop is 
actually a filter. It works well without any bandpass 
filter at the input. But an audio bandpass filter with a 
bandwidth of approximately 400 Hz, with the MARK 
and SPACE tones centered in it, should improve TU 

By Don Kadish, WIOER, 135 Barbara Road, 
Waltham, Massachusetts 02154 
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A F S K  G E N E R A T O R  Esc*pt r s  indrc.t#d, decimal 
values 01 CaP.CIIanca are In mlcro- 

U 2  farads IrFk 0 t h . ~ ~  are In p lcokr .  
+9 OR c12V  X R 2 2 0 6  ads (PFJ; r0sr~lanc.r .re In ohms. 

0 4 14 
h = 1,OW M = 1.OOO.WO 

b + v 
AUDIO LEVEL  R 7  

ADJUST P I  
I / O  CONNECTOR 
ON COMPUTER ( T R S - B O C )  

O R  T R A N S M I T T E R  (REAR V I E W )  

T U U N l  T 

J Z  CIO 

CI 10-,SF. 25 v tantalum 
c 2  1 ,,F. 25-v tantalum 
C3,CS.C6. 
C7,C8.C9, 
C10.Ct4, 0.1 ,.F. 50 Vceram<cdarc 
CIS.Cl7 
C4 O.O47,,FMylar 
C11 0.022.,.F Mylar 
C12 O.OOS.i,F. 50 V ccramc d m  
CI3 0.05,,F. 5O.V carrmlc 
C18 0.05.,lF. W Y  ccrsmtc 
J1,JZ mtntatvre phonslackr. 0, the type o l ~ a c k  

that I ~ L ~ ~ B C ~ I  with p u r  toutpmenf 
P1 110 connector at rear 01 computer 
01.02 2N3904 
RI.R2 5.1 krlohm 
R3.R4 7.5 kllohm 
RS.R6 5 hllohm. 1O.turn Blrnpot 
R7 2Mohm 
RE 470krlohm 
R9 78 ktlohm 
RIO 22Okrlohm 
R I I  IWkrlohm 

+ 5 v  

R12 470kllohm 
RI3 10k11~hm, 10.lurn lnrnpat 
R14.R75 10 kilohm 
R16 4700hm 
R17 1 kllohm 
R18 SO kilohm, single-turn trlmpot 
R19 3.3 kilohm 
S1 SPSTswitch 
$2 SPDT~rr l tch 
01 SN74MN 
02 EXAR 22G6 lErsr lntsgrated Systems. 

Sunnyvale, California) 
fig. 1. Schematic of theTU as modified from design by WBZEWJ. 

U3 EXAR 2201 lExsr I n ~ g t 8 t e d  Systems. 
sunnyala. CaUlornia) 

U4 SN75189N 
CRS1 LEO 

performance even more. My own receiver has a vari- 
able bandpass filter. I use the 400-Hz bandwidth and 
adjust the bandpass so that the tones are centered in 
the bandpass. This method is very effective with my 
older receiver, and I am sure it will be with modern 
transceivers as well. 

To adjust the demodulator, disconnect pin 4of UIA 
from pin 9 of U2. Ground pin 9 of U2 to simulate a 
MARK and connect J1 to J2. Slowly adjust the VCO 
fine tuning potentiometer until the LED lights; con- 
tinue turning the potentiometer, counting the turns, 
until the LED goes out. Back the potentiometer off 
one-half the number of turns counted so that the 
VCO is set to the center of the lock range. This will 
get you sufficiently close to the optimum VCO set- 
ting, 2210 Hz. 

Rf from the transmitter getting into the TU and 
video monitor can be a problem. I built my unit on a 
perforated copper-clad board enclosed in a shielded 
aluminum box. Be sure to bypass all power-supply 
inputs going to integrated circuits with 0. I-pF capaci- 
tors, as close to the power supply IC pin as possible. 

I10 lines should be miniature coax or any other type 
of shielded cable. The channel 3 modulator output 
from the computer should also be shielded. In con- 
junction with this, I found that a highpass TV filter 
was needed at the tuner input of the television set. In 
cases of extreme interference aluminum foil can be 
wrapped around the sides and top of the TV set; this 
shields the highpass filter and minimizes interference 
even further. 

The end result was no discernible rf on the monitor 
screen on 80, 40, 20, and 10 meters. On 15 meters rf 
was noticeable but not objectionable; 21-MHz signal 
was probably getting into the i-f stage of the set. 

The overall performance and reliability of this unit 
plus the computer is excellent. Signals very close to 
noise level can be copied with few errors. 

reference 
1 .  Michael J .  DiJulio, WBPBWJ, " A  S t a t e - o f - t h e - A r t  T e r m i n a l  Unit f o r  

RTTY," QST, D e c e m b e r ,  1980, page 20. 
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I BUILD THIS SSB TRANSCEIVER FROM OUR M- 

5 
/ 

OSC-1 *NOT SUPPLIED 

EXPERIMENT - LEARN ELECTRONICS; BUILD AND DESIGN YOUR OWN AM, FM, CW, 
OR SSB RECEIVERS, TRANSMITTERS AND ETC. WITH OUR MINI-LINEAR CIRCUIT KlTS 

All kits Come Complete W~th Etched and Dr~lled Clrcutt Boards and All Parts Needed To Funct~on As Described 
AFA-1 AUDIO AMP. LM-380 1 - 2 W ~ I I ~ 4 - 1 6 0 ~ M O u l p u t  $4.95 MBA-1 FREQ. MULT. lured Outpu~ eutlsr-MUM Am~illler To2M MHZ $5.95 
AFP-1 AUDIO PREAMP. Dual~udto preamp- FW M I ~ O  EIC $3.95 OSC-1 CRYSTAL OSC. 100KHZ - 20 MHZ No1 Tuned $3.95 
BMD-1 BAL. MIX. LM l4%M1xer - S B ModulalaTuned OUIPLII $9.95 OSC-2 CRYSTAL OSC. Ov 18-200 MHZ Tuned OUIPUI $4.95 
DET-1 AM DET. Am ~nvslops ~etector warn AGC OUIDUI $3.95 OSC-3 VARIABLE FREQ OSC ~aractor Tuned 455KHZ $5.95 
DET-2 FM DET. LM 3085 FM Det8clor (455 KHZ or 4-1 1 MHZ) $7.95 OSC-4 VARIABLE FRFY OSC varacror ~ u n e d  4 I I MHZ $5.95 
DET-3 SSB DET. LM 14%SSB Dammr l~eedsOSC-I O~OSC-4) $9.95 PSV-1 POWER SUPPLY LM 723 W~I~I pass ~ransls~or 3amm max $7.95 
IFA-1 IF AMP. M 302830 DB Gun. 0~1tona1 AGC (455 KHZ or9-11 MHZ) $6.95 PLL-2 TONE DETECTOR LM567 PLL lone Deleclor $5.95 
FLS-9 SSB FILTER 9MHZI2 I KHz BW w USB U\L IW OSC-I $49.95 RFIMIX-1 RF-AMP/MIXER CA3028- Tuned RF AMPlMtxer I 100 MHZ $7.95 
IFA-2 IF AMP. CA302830 DBGoln 1 - l M ) ~ ~ Z O p t ~ o n a l  AOC $6.95 RF/MIX-2 RF-AMP/MIXER 3NXJ4 T u d  RF AMIMM~I I - 250 MHZ $7.95 

MANY OTHER MODULES AVAILABLE 
SEND $2.00 FOR FULL CATALOO COMPLETE SET OF MODULES TO BUILD A 

WITH CIRCUIT DIAGRAMS AND ADD P O  SHIPPYNG t? HANDLING I-WATT SSBICW MONO-BAND TRANSCEIVER 

TYPICAL RECEIVER AND MORNING DISTRIBUTING CO. 
LESS CASE. CONTROLS. PWR SUPPLY 

(12 VDC). SPK AND MIKE 
TRANSMITTER HOOK-UPS P.O. BOX 717. HIALEAH. FLA. 33011 

fl  164 $149.95 (Speclty Band) 

STRIPLINE 
POWER AMPLIFIER KlTS 

50,144,220 AND 432 MHz. 

Perfect for EME, aurora, meteor and tropo scatter, 
and other specialized communications modes. 

These high performance state-of-the-art amplifiers come 
in two basic models: 500 watts output using either the 
4CX250 family or 8730 tetrode tubes. 1000 watts output 
using 8874 triode tubes. The amplifier is 12" x 8" x 6" 
and weighs just 14 Ibs. excluding cooling blower. 

Power supply kits for both triode and tetrode models 
available in kit form. Rated outputs are 2,000 VDC @ 500 
ma; 7.6 VAC @ 6A for filament voltages; for tetrode 
models 300 VDC regulated at 40 mA screen and - 120 
VDC bias supply voltage. Power supply is 12" x 8" x 6" 
and weighs 37 Ibs. Full line of accessories, rack or cabi- 
net mounts, manufactured and kit options available. 
Contact factory for details. 

Each kit comes with fully illustrated, easy-to-read in- 
structions. Factory back-up assistance is available from 
trained technicians. 

CALL FOR PRICING 
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last-minute forecast 

The higher-frequency bands (6-30 
meters) are expected to be best dur- 
ing the first and last weeks of the 
month, during periods of maximum 
solar flux. A slump may be experi- 
enced during the weeks in between, 
when the 10 and 15 meter bands are 
not able to support long skip, with 
only sporadic-E short-skip openings 
occurring. Try the lower frequency 
night bands: thunderstorm QRN isn't 
expected to be severe enough to 
wipe out evening and early-night DX- 
ing. Propagation disturbances are ex- 
pected, however, around the 8th 
through the 14th. These geomag- 
netic-ionospheric disturbances (weak 
and fading signals) will probably not 
be intense but will probably last 
longer than usual (five to six days). 

This year's June sunspot number is 
forecast to be only between 60 and 
70. That is a significant drop from last 
year's value of 117. There will be 
quite a restricted frequency range for 
long-skip DX, even more restricted 
than usual during the summer. A 
total eclipse of the sun will occur in 
the Southern Hemisphere on June 
11, from 0200 to 0715 UCT. The path 
begins near the Malagasy Republic, 
continues across southeast Asia, In- 
donesia, and Australia, to the west of 
New Zealand. Of note to moon- 
bounce enthusiasts, a full moon will 
occur on the 25th and perigee on the 

FOR ECASTER 
Garth Stonehocker, 

and summer solstices, the equinoxes, 
all produce their own distinct propa- 
gation characteristics, which can be 
put to work for DXing. Some of these 
characteristics can be turned to ad- 
vantages, and some of the disadvan- 
tages can be circumvented. In the 
summer, the sun is more directly 
overhead in the Northern Hemi- 
sphere. The production of ions and 
electrons increases in the D, E (short 
skip) and lower F regions of the iono- 
sphere. Greater concentrations of 
ions cause higher, lowest-usable-fre- 
quencies (LUFs), resulting in reduced 
signal strengths during the daylight 
hours. The higher number of E-region 
ions accumulate, producing sporad- 
ic-E (Es) layers; the F region, then 
lacking its ions (and electrons), pro- 
vides the lowest maximum usable fre- 
quency (MUF) season of the year. 

Summer also means more hours of 
daylight available for operating the 
higher DX bands. Summer thunder- 
storms are caused by air-mass heat- 
ing because of the hot daytime tem- 
peratures. That makes these storms 
very different from storms caused by 
frontal passages, which occur during 
the equinoxes and in winter. There- 
fore QRN noise is now more common 
in the evenings and early night, after 
thunderstorms build up, and lasts 
until they dissipate. 

Good DX on the lower bands can 
occur in the evening or after local 
midnight. Try short skip, since . - 

13th. And there will be a partial lunar greate; signal strength via .ES might 
eclipse on the 25th, which will be be effective in overcoming QRN. Dur- 
seen in the Americas and Australia. ing the day, DX operation will be re- 
Summer solstice is June 21 at 2309 stricted to high-power transmitters 
UT. capable of overcoming the high sig- 

nal absorption of skywave and for 
summertime DX good ground wave propagation. If 

Each season of the year, the winter you choose to use the longer daylight 

hours on the higher bands, despite 
the restricted operating frequency 
range for long skip (lower MUF and 
higher LUF), the evening is best, as 
the LUF falls with the sun and the 
MUF on 20 lasts into the night. If 
you'll settle. for possible short-skip 
openings on 10 or 15 meters, try mid- 
day local time for the highest proba- 
bility of openings. 

band-by-band summary 
Ten and fifteen meters should pro- 
vide good daytime openings to the 
southeast, south, and southwest, 
using F-region long-skip hops of 2500 
miles (4000 kilometers). Short-skip 
hops of 1200 miles (2000 kilometers) 
via sporadic-E should be possible dur- 
ing many days of the month in the 
above directions near local noon, and 
east and west before and after noon. 
Don't expect to find much one-hop 
trans-equatorial DX during disturbed 
periods this time of the year. 

Twenty and thirty meters will be open 
to some parts of the world for nearly 
twenty-four hours a day. If 20 isn't 
useful some nights, 30 meters prob- 
ably will be. Sporadic-E propagation 
will fill in the pre-sunrise dip in usable 
frequencies during many mornings to 
help make round-the-clock openings 
possible. The direction of the open- 
ings will be similar to those for 10 and 
15 meters, plus the northern paths in- 
dicated on the chart. 

Forty meters will provide the best DX 
conditions from sunset until just after 
sunrise, although static levels may be 
high at times. Watch for local storm 
passages and operate near sporadic-E 
peaks around sunrise and sunset 
(particularly at sunrise, when fewer 
thunderstorms are around). 
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NCG WORLD BAND COMMUNICATIONS 

15M 
Tested and Proven 15 Meter Mobile Transceiver US9 and 
CW 
Power-High 10 watts. Low 2 watts 
VFO Tuning, Noise Blanker 
Fine Tune r 1 kHz . Digital Frequency Counter 
13.8 VDC @ 3A Neg. Ground 
9.5" L x 9" W x 2.5" H 
All this PLUS the freedom of DXing 
Regular Price: $305.00 

SPECIAL PRICE: NOW $279.00 

16011 OM 
ALL NEW, with the features you have been waiting for 
HF 160-10 meters SOLID STATE Transceiver 200 watt PEP 
All 9 HF Bands ready to go 
AC/DC Power supply built in 
3-Step Tuning 1 kHz/lOOHz/25Hz 
4 memories, Auto Scan 
Automatic Up/Down Tuning Advanced Systems 
Dual VFO, Solid State-Adjustment Free. IF Tuning. IF 
Offset 
Noise Blanker. Mic. Compressor 
VOX. CW Side tone, AC 120V DC 13.8 RTTY-Fax operation 
USB-LSB CW (Narrow CW fllter optional). 
Regular Price: $1075.00 

SPECIAL PRICE: NOW $949.50 
1275 North Grove Street 
Anaheim, CA 92806 Mail Order COD 

Visa Master Charge 
(71 4) 630-4541 Cable: NAT COLGLZ 

Prices and s~ecifications subject to chanoe without notice or obliaation 
1 Calif. kes. add ~ a i e s  Tax 

- 
H 16 

Eighty meters during hours of dark- 
Your Ham Tube 

ness until sunrise can have DX open- 
ings to areas of interest. Static from 

Headquarters! 
thunderstorm activity, both long dis- 
tance and local, may limit working 
the rare ones when propagation is 
otherwise all right. Coastal stations 
usually have more favorable propaga- 
tion paths under.summer conditions 
than do inland stations. Sporadic-E 
propagation around sunrise and sun- 
set is good for this band also. Day- 
time work will be limited to within 
about 200 miles (360 kilometers). 

One-sixty-meter DX activities really 
require a lot of work this time of year. 
During hours of darkness, between 
storm-front passages, you may work 
1000 miles (1600 kilometers) if your 
ears hold up against the thunder- 
storm QRN. DXing in the predawn 
hours, after the thunderstorms have 
dissipated, may be the answer. 

(Unfortunately an important path "looking" 
toward the west normally exists at this time; 
thunderstorm activity might not yet have sub- 
sided. - Editor) 

ham radio 

E F JOHNSON Socbes Iof 4CX2Y)B L 41001 ~1 $9 95 

SEMICONDUCTORS RF CONNECTORS 

S l Z Y l  UG l l Y l 7 8  lM1 €4 
UG ZSYU $2 5C 0. 

MRF W S D l W E  51995 UG 27YU $2 25 .a 
1 95 M 354 

atzw M359 

FACTORY BOXED 75/80°0 OFF LlST 
FREE LlST Available 

Includes full llne of RF Power Transistors 
Mln~rnum Order $25 

Allow $3 00 Mlnlmum lor UPS Charges 
Wr~le or phone for free calalog 

TUBES-BOUGHT. SOLD AND TRADED 

Premium Prices 

ACOA QUAD ANTENNA FOR 2-METERS 

All metal (except insulators) rugged 
constructlon 

Withstands any weather conditlons 

Copper radlator and reflector elements 

Covers entire 2-meter band 

Ready to mount on your rotor 

Weight - 9 pounds 

Wind surface area - 0.85 square feet 

Dimensions - 19 x 26 x 17 Inches 

Price - $159.00 

Order direct or from your dealer 
Calilornia residents add sales lax 

DEALER INQUIRIES INVITED 
ANTENNA COMPANY OF AMERICA 

POST OFFICE BOX 794 
MOUNTAIN VIEW, CALIFORNIA 

94042-0794 
(408) 248-2051 

J 126 r /  112 
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ity scale is used, the outer resistance 
scale must also be used, and vice 
versa. The Length and Resistance 
scales may be changed proportion- 
ately. That is, if you need a range of 
the lengths of from zero to ten feet, 
the ranges of the resistances would 
also have to be reduced by a factor of 

nomogram design of ten - resulting in maximum resis- 
where R = resistance in ohms 

tances of 0.5 and 5.0. The relative re- 
custom resistors p = resistivity of copper in 

sistivities of other materials may be 
In Amateur work, it's sometimes per IWO feet at 20 plotted similarly. The chart also has 

degrees C ( f rom wire 
necessary to fabricate a "custom- usefulness in the design of control 

tables) 
ized" resistor in order to effect a L = length in feet circuits, where the resistance of long 
quick design or repair. Though the runs of wire may be critical. Here's an 

K = the ratio of the resistivity 
right part may eventually be available, example of how the chart is used: 

of copper to the resistiv- 
lengths of wire (in the right sizes, of ity of the wire's material 

Problem: What length of No. 26 cop- 
course) may do in a pinch. The trick is per wire is needed to produce a resis- 
to choose the right size wire and the The nomogram simplifies solutions 
right length (given the composition of to the equation, in that resistivities 
the wire) to come up with the proper have been converted to AWG (BBSI 
overall resistance. The equation itself wire sizes. Also, the resistivities of va- 
is fairly simple: rious materials are given (fig. 1). 

R = - E ! L  Two scales for resistivity and resis- 
1 OOOK tance are shown. If the outer resistiv- 

RESISTANCE IOUMSJ 

1 2  3 4 5  

MATERIAL 
COPPER - SILVER 

(ANNEALED) -- - COPPER 
I 0  

IUARD- 
DRAWN) 

- GOLD 

1 1 0 0  8 0  6 0  4 0  20 

LENGTH IFEETJ I R O N  TIM (PURE1 $! 
S T t t L  lHI I  
STEEL (LOJ 

fig. 1. Nomograph for designing custom resistors. 

tance of 0.9 ohm? Solution: A line is 
drawn connecting copper on the Ma- 
terial scale to the proper wire size on 
the outer Resistivity scale. A second 
line is drawn from 0.9 on the outer 
Resistance scale (through the inter- 
section of the first line and the diago- 
nal), and it intercepts the Length 
scale at about 22 feet. 

James McAlister, WA5EKA 

operating the Triton IV 
on 30 meters 

The TenTec Triton IV, which fea- 
tures QSK, can easily be converted 
for use on the new CW band, 30 me- 
ters. All that's needed is the addition 
of two switched capacitors and the 
modification of an outboard unit, the 
model 240 160-meter converter. 
Since many hams are more willing to 
work on an accessory than on a com- 
plex transceiver, this approach is very 
desirable. 

Triton mods first 
Remove the top cover and locate 

the bandpass filter board (No. 80291). 
Refer t o  the manual to find T2, the 
14-MHz bandpass filter. C7 and C8 
are within the T2 can and must be 
shunted by 56 pF of additional parallel 
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capacitance to lower the filter pass- 
band from 14 to 10 MHz. The termi- 
nals of C7 and C8 may be accessed 
without disturbing the can. Small 
wire-wrap wire connects C7 and C8 
to a DPST N.O. (normally open) reed 
switch (taped to the top of TI, 2, 3, 
and 4). The 56-pF capacitors are sol- 
dered between the reed switch and 
the ground foil of the board. The reed 
switch is externally actuated by plac- 

R E E D  1 
M A G N E T  .-;z 

fig. 1. Magnet pulls in additional 56-pF 
capacitors, lowering the Triton IV  
bandpass filter to 10 MHz. 

ing a magnet on top of the unit in a 
specific location; removing the mag- 
net returns operation to 14 MHz. This 
is illustrated in fig. 1. 

modifying the 160-meter 
converter 

Relay K2 must be disabled on the 
converter filter board (No. 80328). 
Normally, K2 inserts a lowpass filter 
in the transceiver output line. This is 
necessary because the 3.5-MHz band 
lowpass in the Triton itself would al- 
low second harmonic energy from 
160-meter operation to pass along 
with the fundamental. This filter is 
not needed for 30-meter operation 
and is eliminated by opening the 12- 
volt switched line at pin 4 of the 
80328 board. Don't be concerned 
about not having a filter in the line 
when 30 meters is being used. The in- 
ternal Triton output filter already does 
that job. 

Most of the work in modifying the 
model 240 is done on the mixer board 

No. 80327. Replace Y1 with a 4.0- 
MHz crystal, Inexpensive microproc- 
essor crystals work well. Remove C18 
and C21 from the circuit and replace 
C17 with approximately 3 to 4 pF. Re- 
member that C17 now conducts 10- 
MHz rf, not 1.8-MHz. Also, we're al- 
ready decreasing the Qof these tuned 
circuits by altering the LIC ratio. 
Consequently, only a small coupling 
capacitor is needed. Repeak C19 and 
C20 to receive signals between 10 
and 10.5 MHz with the Triton band- 
switch set for 20 meters: 10.0 corre- 
sponds to 14.0 on the dial. 

IC1 on the mixer board is now fed 
by a 5.0-MHz VFO and a 4.0-MHz 
crystal oscillator. T I  needs to be cen- 
tered at 1.0 MHz, the difference fre- 
quency. Remove T I  and C5, C6, and 
C7. T I  should be replaced with a 455- 
kHz i-f can from a tube-type radio, 
that is, a transformer with two high- 
impedance windings. 

Before installing the new i-f can, 
open it and determine the value of ca- 
pacitance. Remove this capacitor. 
The externally added capacitors will 
have approximately half the old value 
and resonate both windings of the 
transformer at 1 MHz. Some cans 
have a low-impedance tap on one 
winding or the other. The tapped 
winding becomes the output winding 
and the MIX OUT pin is fed directly 

2c 4 TO MIX OUT 

2 C  

fig. 2. Two methods of obtaining a mix- 
er output signal from the new 1-MHz 
i-f. (A) low impedance tap; (B) capaci- 
tive voltage divider. 

from this tap. If your new can has no 
tap, just make a voltage divider to 
feed MIX OUT: simply obtain two 
capacitors of twice the value needed 
to resonate the output winding; 
series connect these two capacitors 
and tap at the junction for the M I X  
OUT. See fig. 2. 

The desired mixer output voltage 
level is set as high as possible without 
driving the buffer transistor stage 
(80329) into distortion. Observe the 
output waveform of the buffer while 
peaking the primary and secondary of 
transformer TI .  

For normal operation of the Triton, 
leave the Model 240 panel switch in 
the 3.5-30 position. FOP 30-meter op- 
eration, turn the Model 240 switch on 
and put the magnet in place on the 
Triton top cover (or switch in the ex- 
tra capacitors via whatever switching 
mechanism you've chosen). For in- 
creased sensitivity, transformers T2 
and T3 can be rewound for narrower 
bandwidth. 

Raymond Henry, Jr., AA4LL 

using the Astro 103 as a 
frequency counter 

6 
The Astro 103 transceiver's digital 

readout may be used as a general fre- 
quency counter without modifying 
the equipment. A phono jack labeled 
EXT LO on the rear panel is for con- 
necting an external local oscillator, to 
obtain general coverage between 1.5 
and 30 MHz. The EXT LO input cir- 
cuitry is shown in fig. 1. 

Because counter sensitivity is less 
than 10 millivolts, precautions must 
be taken to limit damaging voltages 
which might be applied accidentally. 
This is accomplished by assembling a 
simple, small, coaxial-line test lead to 
a phone plug, with a 10-pF, 1000-volt 
disc capacitor in series with the cen- 
ter conductor. This small value also 
prevents the overloading of any sen- 
sitive circuits being measured. 

To measure an external frequency, 
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International 
Crystals & Kits FOR THE 
EXPERIMENTER 

T 
.02% Calibrat~on 
Tolerance 

EXPERIMENTER 
CRYSTALS 
(HC 6iU Holder) 

Cat. No. Speclflcatlona 

031300 3 to 20 MHz - For use In 
OF. 1 L osc specify 
when order~ng 

031310 20 to 60 MHz - For use 
~n OF 1 H OSC Specify 
when orderlng 

$8: 
OF-1 OSCILLATOR 
The OF-1 oscillator IS a reslstorlcapacilor clrcutt provldlng oscilla- 
tton over a range of frequencies by lnseiitng the desired crystal. 2 
to 22 MHz. OF 1 LO. Cat No 035108 18 to 60 MHz OF 1 HI Cat 
No 035109 Spec~fy when orderlng 

MXX-1 Tnnaistor RF M lxn  
3 to 20 MHz Cat No 035105 
20 to 170 MHz Cat No 035106 S8 00 aa. 

SAX-1 Tmnal.tor RF Amp. 
3 to 20 MHz Cat No 035102 
20 to 170 MHz Cat No 035103 U) 00 0s. 

BAX-1 Brosdbsnd Amp 
20 Hz to 150 MHz Cat No 035107 $8.00 n. 
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sending CW: 
a digital approach 

A simple way 
to clean up your 

CW sending technique 

International Morse code appears to be fairly sim- 
ple on the surface. Many licensed Amateurs can tes- 
tify to having mastered it with varying degrees of 
proficiency. When compared to modern digital 
codes, Morse code is really quite complex: two dif- 
ferent on elements, dots and dashes, are used along 
with three different off elements to represent many 
letters, numbers, and special characters and sym- 
bols. Transmission speeds vary widely in a single 
transmission and dots, dashes, and spaces often be- 
come mashed in a stream of indecipherable informa- 
tion. This article details the use of digital circuits to 
accurately time and filter out-going Morse code sent 
with a straight key or other mechanical key so that 
dots and dashes are reproducible and well-timed. No 
new hand motions are required. 

Someone who has listened to the CW ham bands 
for a short time will realize there are Amateurs who 
send code poorly. You may be unpleasantly surprised 
by your own CW-sending skills if you record one of 

your contacts and replay it. The main problem in 
sending good code is shown in fig. 1. A perfect 
transmission is shown at the top, and a typical on- 
the-air transmission is shown below. Note that real 
dots and dashes vary in length and the spacing is less 
than perfect. While the human brain is capable of ad- 
justing for most of these changes, it is difficult to 
decipher a transmission in which dots and dashes are 
almost the same length and spaced in a semi-random 
fashion. Electronic paddle keyers, keyboards and 
computers are one answer, but they require mastery 
of new hand motions or skills and are frequently ex- 
pensive. Many Amateurs would like to continue 
using their mechanical keys and improve their code- 
sending skills. 

defining the circuit 
The problem is to design a circuit that will accu- 

rately time dots, dashes, and spaces so they sound 
perfect on the air. Before the circuit can be designed, 
we need to specify what it is supposed to do. First 
we define the dot:dash:space ratio as being 1:3:1, 
the standard generally accepted for good Morse 
code transmissions. While many hams use weighting 

By Jonathan Titus, KA4QVK. The Blacksburg 
Group, Inc., P.O. Box 242, Blacksburg, Virginia 
24060 
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fig. 1. Perfect code versus real hand-sent code for CQ. 

n 
OUTPUT . -  . I  m. 

0 0 0 0 

fig. 2. Dot and dash timing operations for the keyer 
circuit. 

to vary the dot:dash ratio, it is better to use a well- 
known standard. Next, the dot/dash operation must 
be defined (shown in fig. 2). There are four actions: 

A. If the key is closed for a very short time, a self- 
completing dot is generated. 

B. If the key is closed and held closed up until the 
end of a dot, the same length dot is generated. 

C. If the key is closed and held closed beyond the 
dot length, a self-completing dash is generated. 

D. If the key is held closed for a long time, only a sin- 
gle dash is generated. 

After each dot or dash, an off time of one dot- 
period is enforced to prevent code elements from 
being produced too tightly. If the key is activated 
during the off time, the action is remembered and 
acted upon as soon as the off time is finished. Per- 
fectly-timed and spaced code can be generated by 
slightly leading the actions of the circuit. 

using monostables 
A simple timing circuit can be built using monosta- 

bles, as shown in fig. 3. Monostable 1 is triggered by 
the key closure and generates a pulse one unit long. 
The negative-going edge of this dot pulse will trigger 
monostable 2 if the key is still pressed at this time. 
Monostable 2 generates a pulse that is two units 
long; when added to the length of the dot pulse, a 
dash pulse of three units is generated. The outputs of 
monostables 1 and 2 are gated to generate the Morse 
code output. 

The output of monostable 2 is also used to disable 
(turn off) the key input to monostable 1 so it cannot 
be re-triggered during a dash. A third monostable is 
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preset for one dot-time to generate the minimum re- 
quired off period between dots and dashes. Mono- 
stable 1 is re-enabled so that the process may be re- 
peated at the end of a dot or dash. While this circuit 
is useful in explaining the operations we would like, it 
does have some limitations: three monostables must 
be adjusted to change the speed of transmission, and 
key closures during the off period are not recognized. 
The circuit can be made to work but is impractical. 

using a sequencer 
A more reasonable approach uses a master clock 

K E Y  I N P U T  
H I G H  = C L O S E D  1 
L O  = K E Y  U P  
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fig. 4. A counterldivider and gated clock used as a 
sequencer. 
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fig. 3. Using three monostables to filter hand-sent 
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fig. 5. Timing diagram for a 10-stage sequencer circuit. 

control line determines whether or not a dash is sent. 
If DASH = 1, then a dot is sent. If DASH = 0, the 
sequence is extended and the dot is stretched into a 
dash. A dot is always sent on sequence start. 

generating a dot 
The rest state of the sequencer is a logic one at the 

0 output with logic zeros at all other outputs. This is 
the sequencer state when the gated clock is enabled. 
The first edge of the clock signal increments the in- 
ternal sequencer count, moving the logic one to the 1 
output. The logic one at the 1 output causes the 
lower NOR gate to output a logic zero. The sequencer 
moves the logic one to the 2 output on the next clock 
cycle and the output of the lower NOR gate goes 
back to the logic one state. This generates a logic- 
zero dot one clock cycle long. There is no other 
effect: any action through the upper NOR gates is 
blocked by the logic one on the dash control line. 

to sequence through a series of code-generating and The time of the sequencer 2 output generates the off 

condition-testing steps. Only the frequency of the period (one clock cycle) at the end of each dot. Out- 

clock need be adjusted to vary the code timing. The Put 3 is the dot reset line (described in detail shortly). 

circuit described here was designed using digital It resets the dot-generating sequence. 

complementary metal-oxide 
integrated circuits to reduce 

As shown in fia. 4, the 

semiconductor (CMOS) generating a dash 
power consumption. 
heart of the circuit is a Let's see what happens when a logic zero on the 

- .  
CMOS CD4017 decimal counterldivider integrated dash control line allows the sequencer outputs to 

circuit and a gated clock used as a sequencer. The pass through the two upper NOR gates. The se- 

CD4017 accepts input pulses at pin 14 and incre- 
ments an internal count by one for each pulse. Only 
one of the ten outputs can be a logic one, indicating 
the state of the counter. Thus, ten external circuits 
can be turned on and off in a regular sequence, gov- 
erned by the frequency of the clock signal applied to 
the CD4017. This is illustrated by the timing diagram 
in fig. 5. This sequencing circuit is used to generate 
the dot/dash/space times and to sequence various 
circuit elements that can test the key input for chang- 
ing on and off conditions. 

If the output of a free-running square-wave oscilla- 
tor is controlled with a gate as shown in fig. 6, the 
first cycle output will be of arbitrary length. All sub- 
sequent cycles will be of equal length. This type of 
gated waveform cannot be used for accurate timing. 
The trick is to use an oscillator that is triggered or 
started by the enabling signal. The first clock cycle 
generated by a gated clock is always the same length 
as following cycles. When such a gated clock is used 
with the CD4017 sequencer circuit, the first se- 
quence will be the same length as those that follow. 
The gated clock is simply a monostable that retrig- 
gers itself when gated on. 

The Morse-generator portion of the circuit can be 
built from the sequencer and several CD4025 three- 
input NOR gates, shown in fig. 7. The dash input 

SQUARE 

OSCILLATOR ' m... 
INCOMPLETE CYCLE m--_ 

OUTPUT 
CONTROL % 7--- m... 

fig. 6. A simple gated free-running oscillator. Note that 
the first gated cycle may be incomplete. 

C D 9 0 1 7  

J-Lsumm - CLOCK 
"5" 

r DASH RESET 
"4" 

DOT RESET 

- C D 4 0 P 8  
CE 

n 
RESET - " 0 "  

"DASH" 

fig. 7. Using the sequencer circuit to generate perfectly 
timed dots and dashes. 
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fig. 8. The complete keyer circuit. 

quencer has been reset to 0 and the first clock pulse 
moves it to the 1 state. The output of the lower NOR 
gate goes to a logic zero once again. Since the two 
upper NOR gates are now enabled by the dash con- 
trol line, the logic one outputs at 2 and 3 are passed 
through the lower NOR gate to generate a logic zero 
that is present for three clock cycles. This forms a 
dash exactly three times as long as a dot. Output 4 is 
not used and this sequence time provides the off 
period at the end of each dash. Output 5 is the dash 
reset line which resets the dash-generating sequence. 

completing the circuit 
Generating the dot and dash sequences is straight- 

forward. Other circuits are used to detect the key clo- 
sure and decide whether to send a dot or to extend 
the sequence and send a dash. A series of CD4013 D- 
type flip-flops and CD4001 two-input NOR gates are 
used for this, and shown in fig. 8. 

- The key input clocks a CD4013 flip-flop, U7A. The 
Q output from this flip-flop goes through a NOR gate 
to clock flip-flop U7B. U7B-2 turns on the gated 
clock to start the timing sequence. The Morse output 
from the sequencerlgating circuit is inverted and ap- 
plied to the reset input of flip-flop U7A. This clears 
U7A and holds it in the cleared state for the length of 
any Morse element (dot or dash) being generated. 

The circuit is insensitive to any keying actions while it 
is generating a dot or dash. Since the clearing signal 
is the dot or dash, it is not present during the en- 
forced off period and the circuit can detect another 
key closure during this time. 

Several of the sequencer outputs are used to con- 
trol another flip-flop,. U4A, and four two-input NOR 
gates, U1. This part of the circuit determines 
whether or not to change from a dot to a dash se- 
quence. Here is how it works: flip-flop U4A is used to 
determine whether or not the key is still pressed at 
the end of the dot now being generated. The key in- 
put provides the data (D input) signal to the flip-flop 
clocked at the start of the off period following a dot. 
If the key is open (as it would be for a properly sent 
dot) the state of the flip-flop will not be changed; the 
Q output remains a logic zero and the a a logic one. 
So, when sequencer output 3 becomes a logic one, it 
will be passed through the four NOR gates (U1) and 
reset both the sequencer and flip-flop U7B. This ends 
the dot-generating sequence. Remember that the 0 
output is a logic one when the sequencer is reset. 

The key is held closed to send a dash. When the 
positive edge of sequencer output 2 appears, i t  
clocks the key-closed condition into flip-flop U4A 
and the sequence is modified. The Q output (dash) 
from the flip-flop enables NOR gate U38 so the dash 
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fig. 9. These circuits are added for the automatic tune- 
up feature. 

sequence can be completed. The reset pulse normal- 
ly generated by sequencer output 3 is blocked since 
the Q output from flip-flop U4A is now a logic one. 
This means that when the sequencer completes step 
3, it will continue on to step 4 and then to step 5. The 
5 output is now fed into NOR gates U1 B and U1 C to 
reset the system. When the sequencer returns to its 
reset condition, the logic one from the 0 output re- 
sets flip-flop U4A. 

The same pulse that resets the sequencer counter1 
divider also resets flip-flop U7B, which controls the 
gated clock, turning the clock off. Since key-sensing 
flip-flop U7A may have detected a key closure during 
the enforced off time between elements, its condi- 
tion must be tested and passed through to flip-flop 
U7B after the system has been reset. The sequence 
must be started again if a key closure is waiting. The 
testing operation is done by the NE555 monostable, 
U5, which is triggered by the reset pulse that clears 
the system. The pulse generated by monostable U5 
is longer than the reset pulse. This allows the circuit 
to be completely reset before any new key-closure in- 
formation /s passed through to flip-flop U7B to re- 
start the Morse-generating sequences. As mentioned 
previously, this allows the circuit to detect a key clo- 
sure taking place during the enforced off time be- 
tween dot and dash elements. 

closed at the end of a complete dash-generating 
cycle. If you depress your key and hold it closed, the 
keyer will generate a dash, a space and then go into a 
constantly-keyed mode so you can tune your rig. Re- 
leasing the key resets this operation so you can send 
code normally. No added tune control is needed 
when this tune-up circuit is used. Note: keep on-the- 
air tune-ups as short as possible! A complete keyer 
unit is shown in fig. 10. 

The circuit described here follows your key opera- 
tions instantaneously. There is no annoying dead- 
time or delay between your key closure and start of 
keying. The decision as to whether or not to send a 
dash is made on the fly. If you try and send too fast 
for the speed setting, you will immediately hear the 
result from your side-tone oscillator and can adjust 
your speed accordingly. 

This circuit will generate accurately timed and 
spaced code for you and no new hand motions are 
required. Most hams take about 10 to 15 minutes to 
become accustomed to sending accurately-timed 
code with this keyer circuit. Since most of us are a bit 
inconsistent in our sending, the circuit will clean up 
the ragged edges of our code so it sounds almost 
perfect. Of course, it's up to you to generate the re- 
quired spaces between characters and words. 

learning the code 
One of the reasons for designing this code-timing 

circuit was for hams to learn the sound of well-sent 
code and to learn sending good code with a straight 
key. Since you can only send code elements in the 
ratio of 1:3 with this keyer circuit, you quickly learn 
from the aural feedback whether you are sending 
good code or not. The ratio of 1 :3:1 for dots, dashes 
and spaces is a bit difficult to master and this circuit 
can be used to great advantage in teaching newcomers 
the proper way to send code. 

adding a tune-up circuit 
Two unused gates and an unused flip-flop exist in 

the original circuit. These have been used to form an 
automatic tune-up circuit. Many hams like to make 
quick on-the-air adjustments to their transmitter or 
antenna, using key-down tuning for this. Most elec- 
tronic keyer circuits use another switch or control 
function to constantly key the rig. If the keyer de- 
scribed here is used, you could only generate dots 
and dashes. The simple addition shown in fig. 9 
allows for constant keying. 

This circuit checks to see if you still have your key 

*7-@ 

fig. 10. The completed keyer. 
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t , ' BITTEN BY THE ATV BUG? 
Let P.C. put you on the air 

and SAVE! 

co ATV Complete System price 
$249.00 SAVE $13.00 

TXA5-4 Exciter/Modulator . . . . . . $89.00 ppd. 
Wlred and lewd rnr~dule des~gned lo drlve PA5 10 wall 
Ihnear ampl111pr T ~ P  100 MHz crystal des~gn keeps har 
mcnlcs OUI 01 two meters lor talk back Vldeo modulator 
IS d lull 8 MHz lor computer graphlcs and color Re. 
qulres 13 8 VDC reg @ 70 ma 80 mw oulpul power 
Tuned w~th cryslal on 439 25. 434 or 426 25 MH7 
Dual frequency model ava~lable . . . . . . . . $115.00 ppd. 

PAS 10 Watt ATV Power Amplifier . $89.00 ppd. 
The PA5 w~ll put out 10 walls RMS power on sync ltps 
when drlvrn wtlh 80 mw by Ihe TXA5 excller 50 ohms 
In and out plus bandwidth lor the whole band w~th qwd 
llnearlly tor color and sound Requlres 13 8 VDC rea h 
3 amps 

FMAS Audio Subcarrier Generator. 529.00 ppd. 
Puls aud~o on your camera vldeo lusl as broadcast floes 
a1 4 5 MHz Puls oul 1 V p.p to drlve TXA5 Requlres 
IowZmlke. 150to600fland 12 to I8vDC875ma 
Works w~lh any transmitter w~th 5 MHz vldeo band. 
wldlh 

TVC-2 ATV Downconvertsr. . . . . . . . . . 555.00 
Slrlpllne MRF 901 preamp and double balancPd mlxer 
dl95 out the weak ones and reslsls lntermod and over- 
load Connects between UHF antenna and T V  sel Out- 
put channels 2 or 3 Var~cap luner 420 to 450 MHz 
Requlre5 17 to 18 VDC (a 20 ma 
Superans~tlve TVC 21 with NEE4535 prearn 

( 9 d b N  F.)  . . .  . . . .  . . . . . . . . . . . .  f69.0Oppd. 

Call or wrlte for our complete catalog of  speciflcatlons, station setup diagrams. 
and opt~onal  accessortes whlch Include: antennas, modulators, test generators. 
cameras and much, much more. See Ch. 14 1983 ARRL Handbook. 
TERMS: VISA or MASTERCARD b telephone or mail, or check or money order by 

mall All prices are dellvered In  &A. Allow three weeks alter order for delivery. 

(213) 447-4565 Charge card orders only 

P.C. ELECTRONICS 2522 Paxson Lane, 
Tom W6ORG Maryann  WBGYSS Arcadia, California 91006 

BEAM ANTENNA HANDBOOK 
by Bill Orr, W6SAI 

Recommended readlng Commonly asked questions like: What IS the best 
element spacing? Can d~llerent yagl antennas be stacked wlthout lostng 
performance? Do monoband beams ourperlorm trlbanders? Lots ol construc- 
tlon prolects. dtagrams. and photos. 198 pages (~'1977. 1st edttion. 
ORP-BA Softbound $5.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr, W6SAI 
Learn how to bu~ ld  simple, economical wire antennas. Apartment dwellers 
take notel Fool yolrr landlord and your neighbors wlth some of the "lnvls- 
tble" antennas found here. Well d~agramed. 192 pages. 8 1 9 7 2 .  

RP-WA Softbound $6.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAI and Stuart Cowan, WPLX 
Contains lots of well illustrated construct~on prolects lor vertical. long wire. 
and HFfVHF beam antennas. There IS an honest judgment 01 antenna galn 
I~gures. ~nlormat~on on the best and worst antenna locations and helghts, a 
long look at the quad vs the yagl antenna. ~nlormat~on on baluns and how 
to use them. and new lnformat~on on Ihe popuhr Sloper and Delta Loop 
antennas. The text IS based on proven data plus practical. on-the-a~r experl- 
ence The Radio Amateur Antenna Handbook w ~ l l  make a valuable and often 
consulted relerence 190 pages. c 1978 
URP-AH Softbound $6.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI 
The cubtcal quad antenna IS considered by many to be the best DX antenna 
because ol 11s stmple. l~ghtwe~ght destgn and hlgh performance. You'll f ~ n d  
quad deslgns lor everylh~ng lrom Ihe slngle element to the multi.element 
monster quad, plus a new, hlgher galn expanded quad 1 x 4 )  des~gn. 
There's a wealth of supplementary data on construction, leeding, tunrng. 
and mountlng quad antennas 11 2 pages. 1977. 
U RP-CO Softbound $5.95 

Please add $1 00 to cover shrpping and handl~ng. 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 r /  141 
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finishing touches 

CONTACT BOUNCE 
t V  i p  10* 8 

The circuit in this article needs a key-debouncer as 
well as a transmitter keying circuit. A sidetone oscil- 
lator can be added if desired. The debouncer circuit 
can be a simple RC network or clocked circuit to filter 
multiple-contact closures characteristic of mechani- 
cal switches. A typical debounce circuit is shown in 
fig. 11. The external clock is set at about 100 Hz for 
100 ms bounces of the key. The transmitter-keying 
circuit will depend on your rig; a small reed relay with 
appropriate contact rating and transistor oscillator 
can be used. A sidetone oscillator is easy to build 
with a 555 timer. This is recommended for off-the-air 
use, particularly if you're helping someone get 
started in ham radio. 

CMOS devices in this design allow a power supply 
that provides 5 to 15 volts. I recommend using at 
least 9 volts. Most modern solid-state rigs use 12 to 
14 Vdc, quite adequate. I don't recommend plug-in 
battery eliminators as a power source unless voltage 
regulating and filtering circuits are added. 

Power consumption is low but will increase if you 
decide to add a sidetone oscillator driving a small 
speaker. When the automatic tune-up circuit is used 
with the keyer, only a speed control is needed. The 
upper sending speed may be increased by shorting 
the fixed series resistor with the Speed control in fig. 
8. The values given provide speeds in the range of 3 
to 30 words per minute. A sidetone oscillator volume 
control may be added, plus a power switch. CMOS 
circuits are fairly immune to electrical noise but a 
metal enclosure is recommended to protect the cir- 
cuit from RFI. 

ham radio 
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fig. 11. A sample switch debouncing circuit for single- 
pole single-throw switches. 
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RATES Noncommercial ads 10e per 
word; commercial ads 600 per word both 
payable in advance. No cash d i s c o u n t s  or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  

organizations receive one f r e e  Flea Market 
ad ( s u b j e c t  to our editing) on a space avail- 
able basis only. Repeat insertions o f  ham- 
f e s t  ads pay the non-commercial rate. 

COPW No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed ( n o t  all c a p i t a l s )  

and must include full name and address. 
We r e s e r v e  the right to r e j e c t  unsuitable 
copy. Ham R a d i o  cannot check each 
advertiser and thus cannot be held respon- 
sible for claims made. Liability f o r  correct- 
ness o f  material limited to corrected ad in 
n e x t  available issue. 

DEADLINE 15th of second preceding 
m o n t h .  

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

QSL CARDS 
OSLs 6 RUBBER STAMPS - Top Ouality! Card Samples 
and Stamp Into - 5Oe - Ebbert Graphics 5R. Box 70. 
Westerville. Oh10 43081. 

OSL CARDS: $12.501500, ppd. Free calalogue. Bowman 
Prlntlng. 743 Harvard. St. Louis. MO 63130. 

OSL'S by W4TG. Prices from $16 per 1000. Send SASE to 
PO Box F. Gray.GA 31032. 

TRAVEL.PAK OSL KIT - Converts post cards, pholos to 
OSLs. Stamp bongs circular. Samco. Box 203.c. Wynant- 
sk~ll. New York 12198. 

DISTINCTIVE OSL's - Largest selection, lowest prices. 
top quality photo and completely customized cards. 
Make your OSL's lruly unique at the same cost as a stan. 
dard card, and get a better return ratel Free samples, Cat- 
alogue. Stamps apprec~ated. Stu KZRPZ Print, P.O. Box 
412. Rocky Polnt. NY 11778 (516) 744-6260. 

OSLS'S: NO STOCK DESIGNS! Your art or ours; photos. 
originals. 50. for samples 8 details (refundable). Certl. 
fled Communications. 4138 So. Ferris. Fremont. Mlchi- 
gan 49412. 

Foreign Subscription Agents 
for Ham Radio Magazine 

liam RMlo Auslrla ~ a n l  Manlo ~olland 
F h s l l  P I P ~ ~ U S  .I1 I 
HaUplPIaIZ 5 N L  7H00Ar Emmn 
A 2700 Wiener NOUIIMI H ,llano 
A~ l l r4 .a  

nam Rmnoeelg$um 
S I e r e ~ h ~ ~ s e  Ham Rsdm IIaIy 
Bru,rel3estcenwsg4?6 vsa Pordenone 17 
B Q 2 1 R G ~ n l  120132 Mllsno 
Hrlo#um llaly 

nam n~~oCln.da 
BOX 4m 00derlch 
Onlarm Canada N764C7 Ham RM~oSwllrsrlana Karln l lebel 

nam RMvo Europe POIlI.C1I 2454 

8 0 x 4 4 4  D 78% Loerracn 
+ 1% 04Uppland~ Vn-by we-! (~srmanr 
5wMen 

Ham Rmlo France 
SM Eleclronn 

Ham Rae00 UK 

?r bls Are dea Clllfon3 
P 0 Box63 nnrror 

F RS(YXI ~ u x e  re 
M8ddle1ex HA36MS 

France 
England 

Ham Rmoo Germany 
Karln Ueber Hollsnd Radio 
Polllsch 215. 143Grssnw.r 
0 iH50 Loerrach Glaenrldo Johannesburg 
W r s l  German? R~ounlw 01 Souln Alrlca 

TOWERS - galvanized steel stacklcrank up. Factory 
dlrect savings. Calclornla Antenna Systems. 6020 Windy 
Ridge Road. Shingle Spr~ngs, CA 95682. (916)677.9540. 

-- 
CHASSIS and cabinet klts. SASE K3IWK. 

SELL collection of 40 years receiving tubes. Only one 
dollar each. SASE for list ol  availability and types. Want 
quotes on Drake FS-4. V~broplex Presentahon electronic 
keyer and WBFYO paddle. Nye antenna tuner. WSOJT. 
PO Box 13151. El Paso. TX(915l581-2017. 

VIDEOSCAN 10M) Slow Scan TV - High resolution 
(Amateur. phone Ilne, surveillance. teleconferencing). 
Code'Star - decode Morse. RTTY. ASCII. Large LEDs or 
connect computerlpr~nter. Morse-A.Keyer - CW key. 
board. Tr~.voltage power supply. Kitslassembled. Free 
brochures. Mlcrocraft Corporat~on. Box 513.HR. Thiens- 
vllle. WI 53092. (414) 241-8144. 

-- 

MORSEIRTTY SOFTWARE - CW Morse sendlreceive 
w ~ l h  schematics lor homebrew Interface. 110 connector. 
documentallon and software for VIC-20. Commodore 64. 
Atar~ 4001800. and PET $17 95. RTTY for VIC.20 only - 
$19.95 Add $2.00 sh~pplng and handling per order. Free 
catalog. RAK Electron~cs. Box 1585. Orange Park. Flor. 
Ida 32067.1585 

-- 

ELECTRON TUBES: Recelvlng, transmitting, microwave 
. . . all types available. Large stock. Next day delivery 
most cases. Dally Electron~cs. 14126 Wlilow Lane. West- 
mlnster. CA92683 (714)894.1368. 

OIL AWARDS are back Full size certificates for those 
not so good operators. Radlos b~ggest egolast. Nothing 
ever works Four dltlerent put downs. Be the flrst to give 
them. $6 00 PP Interstale. 29 Parker PI.. Saddle Rlver. NJ 
07458 

BUY SELL TRADE - Next 6 issues $2.00. WA40SR's 
R~gs 8 Stuff. Box 973-H. Mobile. AL 36601. 

-- 

BE PLEASANTLY SURPRISED. Different designs all In 
three colors 1001$5 00. Postage appreciated. Salisfac. 
tlon guaranteed Constantine. 1219 Elllngton, Myrtle 
Beach. SC 29577. -- 
PRE.1946 TELEVISION SETS wanted tor substantial 
cash. Flnder's tee pald for leads. Also interested In spln. 
nlng disc, mirror ~n-the.lid, early color sets, 9AP4 pccture 
tubes. Arnold Chase. 9 Rushleigh Road, West Hartford. 
Conn 061 17 (203) 521.5260. 

-- 

DRAKE ESR.24lmod $695.00. Wilson system 36 $275.00. 
system 33 $195.00. Large free wholesale Ilst. Communi. 
catons Consultants. PO Box 5099. Fort Smith. Arkansas 
72913. I -- 
MUSEUM now open for radio historians and collectors. 
Free admlsslon. Old time Amateur (WIAN) and commer. 
clal station exhibits. 1925 replica store and telegraph 
displays. 15,000 ~tems. Write A.W.A. lor details: Bruce 
Kelley. WZICE. Holcomb, NY 14469. 

MULTI-BAND ANTENNA "KT5B" - 160m thru 10m. 
ready to usel Only $59.95 pp USA. Catalog available. 
K~lo-Tec. PO Box 1001. Oak View. CA. (805) 646.9645 

WANTED: Highest prices paid tor Harris RF 301 and 
assoc~ated equipment. Call collect (212) 925.6048. 

-- 

SPRING SALE - 25% discount on heavy duty self sup- 
porttng aluminum towers. Send for free brochure. World 
Electronics. PO Box 10706. Baltimore. MD21204. 

-- 

MOBILE IGNITION SHIELDING. Estes Engineering. 930 
Marlne Dr.. Port Angeles. WA 98362. 

-- - 

IMRA - International Mission Radio Association, helps 
mtsslonarles, equipment loaned. weekday net. 14.280 
MHz. 2.3 PM EDST. Br. Bernard Frey. 1 Pryer Manor Rd.. 

~ual-pu'rpose power 
amplifiers for 
HT and - XCVR! 

01-10 Watts Input 
All-mode operation 

0 5  year warranty 
model: 

B 1 0 1 6  C2 meters] 

with RX preamp! 
S279.95 

1 OW In = 60-Wut -- - 
with RX preamp! 

2W In = 45W Out - 
low F= 1oow_o_ut - 

S3 19.95 
Larchmont. NY 105%. 

CABLE CONVERTERS. decoders. Free catalog. APS, 
There's more, and 

POB 263 HR. Newport. RI 02840. WATT/SWR Meters, too! 
NEW Rec~procating Detector Handbook $12.50 post. 
pa~d. Peters Publ~cat~ons. 19 Loretta Road. Waltham. MA 
02154. 

See your nearest Dealer 

RTTY.EXCLUSIVELY lor the Amateur Teleprinter. One 
year $7.00. Beginners RTTY Handbook $8.00 includes 
journal index PO Box RY, Cardiff. CA 92007. 

-- 

LEARN CODE the easy WGPHA way! Former USAF code 
champ gives unique, simple system allowlng all ages to 
learn qulckly. No tapes, etc. Booklet - $4.00 PPD. In- 
cludes dlscount coupon for Globalman hand keys, elec- 
tronlc keyers, code practice oscillators. Lifetime 
chromed hand key; transparent dust cover, non.slip rub- 
ber base. $25.00 postage Included. 100% money back 
guarantee! You can'l lose! Globaiman Products. PO Box 
400HR. El Toro. CA 92630. (714) 533.4400. -- 
MANUALS for most ham gear made 193711970. Send 
$1.00 for 18 page "Manual L~st",postpaid.Hl.MANUALS, 
Box R802, Councll Bluffs, lowa51502. 

. .. 
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WANTED, MILITARY SURPLUS RADIOS. We need Col- 
ilns 618T, 671U. ARC.94. ARC-102. MRC-95. RT-804AI 
APN.171, RT.7121ARC.105. ARC.114. ARC-I 15. RT.823 
ARC.131 or FM622. RT-8571ARC.134, or Wiicox 807A. RT- 
8591APX-72. ARC-164. PRC.25. PRC-64A. PRC.66. 
PRC.68. PAC-70. PRC-74, PRC.77. PRC-104. RT.5241VRC. 
antenna couplers 490T. CU-165BA. CU.1669A. 4908.1. 
690D-1. TOP dollar Dald or trade lor new Amateur aear. 

THE BEST THINGS 
come in little ~ackaaes ... 

Write or phone Blll Slep. 704-524.7519. Slep ~ l e c t r l n l c s  
Company. Hwy.441,Otto. N.C. 28763. 

WANTED: Schematics.Rider. Sams or other early publi- 
cations. Scaramella. P.O. Box 1. Woonsocket. RI 
02895-W1. - 
TEKTRONIX plug-in unlts. EXC: 1A4. $175. 1At. $125. 
others too. H-P meters. $15, spectrum analyzers, tube 
tester, oscillators. much more on huge sprlng-cleaning 
list. S.A.S.E. please. Joseph Cohen, 200 Woods~de. Wtn- 
throp. MA02152. 

WANTED: Early Hallicrafter "Skyriders" and "Super Sky- 
r~ders" with silver panels, also "Skyrlder Commerc~at". 
early transmitters such as HT.1. HT.2. HT.8, and other 
Halllcrafter gear. parts. accessories, manuals. Chuck 
Dachis, WD5EOG. The Hallicrafter Collector. 4500 Rus. 
sell Drive. Austtn. Texas 78745. 

ELECTRONICS BOOKS, engineering magpzlnes, refer. 
ence 8 databooks. rad~o magarlnes. many 2%. some 
from 1930's Also Test Equipment manuals and catalogs. 
machinist magazines, porcelain Insulators, scope view. 
Ing hoods, much more on huge list. S.A.S.E. please. 
Joseph Cohen. 200 Woodside. Winthrop. MA02152. 

-- 

RUBBER STAMPS: 3 llnes $3.25 PPD. Send check or MO 
to G.L. Pierce. 5521 Blrkdale Way. San Diego. CA 92117. 
SASE bungs lnformation. 

RADIO WEST! High quality coverage communications 
receivers wlth Collins liiters and other OX modifica. 
tlons! Catalog 500 (refundable). Radlo West. 3417 Purer 
Rd.. Dept HR. Escondido. CA92025 (619) 741.2891. 

WANTED: New or used MS and coaxlal connectors, syn- 

, 4 - -  

FOR 80-40-20-15 METERS 

NEEDS NO RADIALS OR . 
MATCHING DEVICES 

Becau . .. se you ar rd the 
ISOTRON 80 ISOIHON 40 ISOTRON 20 ISOTRON 15 
54IN HIGH 31 IN HlOH l7lN HILH 18 IN HIGH 

St,., 05 557 45 549 ')'I $31 95 
reaarng raaro ma 
facture6 want th 
best-performing, 
best looking ant@ 
Centurion has 5 
to be the Duck 
We've develop 
many smaller ar,,,, ,, ,,, 
to make the ha1 
held radio perf 
better, and now 
newest duck ... u IC IUI 

Duck "mini". It's 
shorter (about 
it's a full 1/4 wa 

chros, tubes, components, military surplus equipment. 
Bill Willams. PO Y7057. Norfolk.VA 23509. 

SELL: Ten-Tec Century 21 40W CW. 80-10 meter xcvr., 
mint $175.00. Yaesu FTM2R. 2 meter HT w ~ t h  charger. 
very good $75. HAL CWR6700 RTTY reader with green 
v~deo monltor. mtnt $525. WAPRCC, Vlctor Miller. 55 
Knolls Crescent. Bronx. NY (212) 548-8077. 

~p 

BIG ON PERFORMANCE 
SMALL ON SPACE 

rPEFl 'BILALCOMPANY 
(91 8) 253-4094 

STAR ROUTE 2 EUCHA. OK 74342 

irown 
leader. 
ed 
htennac 

VERY In.ter.esl.lng! Next 5 issues $2. Ham Trader fl 118 
"Yellow Sheets". POB356. Wheaton. IL60189. 

-- 

SELL: Yaesu FT 102 with narrow SSB filter. Matching 
speaker 8 MD-t desk mike. Mint condit~on. $785.00. 
W6OWD (415) 728-7136. 

nd- 
orm 
r the 
&L.- r. J 

CB TO 10 METER PROFESSIONALS: Your rig or buy 
ours - AMIFMISSBICW. Certlfled Communications. 
4138 So. Ferrls. Fremont. Mlchigan 49412; (616) 
924.4561. 

SELL COLLECTION of 30 years. New boxed receiving 
tubes only one dollar each. 4.1000 A Pulls only $50.00 
each. Sell Classlc Drake 1A triple conversion receiver 
$125.00 Collins 75A4 with 3 filters recently al~gned 
$295.00. W5OJT. PO Box 13151 Coronado Station. El 
Paso. TX 79913. 

Coming Events 
ACTIVSTIES 
"Places to go ..." 

CALIFORNIA: The Satellite ARC'S Amateur Radio Swap. 
lest and BBO. June 19. 70 AM to 4 PM. Union Oil Com. 
pany New Love Plcnic Grounds south 01 Santa Marla off 
U.S. 101. Free admission to Swaplest BBO tickets - 
adults $7.50, chlldren 6-12 $3.50, chlldren under 6 Iree. 
Swap tables $2.50 Talk in on 146.34194. For tickets and 
~nlormatlon: Santa Marla Swaplest. PO Box 2616. Orcutt. 
CA 93455. 

HAMS FOR CHRIST - Reach other Hams with a Gospel 
Tract sure to please Clyde Stanfield. WA6HEG. 1570 N. 
Aibrlght. Upland. CA 91786. 

~p 

SIGNAL GENERATOR 80 KC - 60 MC $35. HP200B 
Aud~o Osc $30, Halllcrafters HT.18 $35, Ulckock MIC 
tube tester $35. RCA WV-988 VTVM $35. B8K 440 CRT 
tester $20. K6KZT. 2255 Alexander. Los 030s. CA 93402. 

COLORADO: SUPERFEST V sponsored by the Northern 
Colorado ARC. June 4. 8:30 . 3:30 PM. Larimer County 
Fairgrounds. Loveland Family activit~es, technical talks 
and a swapfest. For ~n format lon .  Rick Hubbard. 
WAQDDC. 

PLANS, CIRCUIT BOARDS. AND KIT PARTS (author 
approved) for Leach's construction projects. Power 
amps, preamps, pre-amps and loudspeakers. Send SASE 
lor ~nlormation. Custom Components. Box 33193. Deca- 
tur. GA 30033. 

Actual Si, IDAHO: The Treasure Valley Amateur Radio Associa- 
tion's Hamfest. June 18. Payette. Games, swap tables. 
lamily fun and a banquet. Pre-registrat~on $5.00. For 
more lnformation SASE to PO Box 790. Payette, ID 
83661. 

INDIANA: The Lake County Amateur Radio Club's 11th 
annual "DADS DAY" Hamfest. June 19. Lake County 
Fairgrounds, Industrial Arts Building. Crown Potnt. 8 AM 
h l  ?7. Tlckets $2.50. Talk in on 147.84124 or 52. For funher 
inlormatton. Denny Tokarz. KA9FCG. 6930 Ltndbergh. 
Hammond. IN 46323. 

WANTED: Prc-pltch motor. State condition, best prlce. 
Jim. K3VJH, 2219 Ross Court. Silver Spring, MD 20910. 
(301) 565-2219. - 
FOR SALE- Complete HF station. Kenwood TS520 
wlSP520 speaker. Hy.Gain MY TH3Mk2 Tribander. CDE 
Mn AR.22R rotor and control. Rohn MY 25 tower (50'). Ail 
lor $600 or wlli sell separately. Call Herb WB3CVA) (717) 
394-5723. 

INDIANA: The fnd~ana State Amateur Radio Convention 
In conlunctlon wtth the lndlanapolls Hamfest and Com- 
puter Show. Sunday. July 10. Marlon County F a ~ r  
grounds, lntersectlon of 1 74 and 1465 Ins~deloutstde 
llea markets Separate computer show and llea market 
Commerc~al vendors Setup after 12 noon Saturday. July 
9 Camper hookups ava~lable on grounds Nearby 
motels Gate t~cket $4 00 ent~tles you toall actlvlties For 
further lnformatlon lnd~anapolls Hamlest. Box 11086. 
Ind~anapoils. IN 46201 

WANTED: Manual and circult prints lor N cameras Fair. 
c h ~ l d  TC.177RL and Concord MTC-21. WBWXQ. Rt. 1. 
Brady, Nebraska 69123. Phone 402 

Telex 48-4: 
P 0 8ox a! 

3 N  LCN 
n, NE 68501 FOR SALE: Hercules 444. 1 KW amplifier. All solid state 

by Ten.Tec. Absolutely mint cond. $850.00. KA6EGX. 
(916) 694-2374. 

IBM-PC RTPl  6 ASCII. SASE for full details. E. Alline, 
NE5S. 773 Rosa. Metalrle. LA 70005. 
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NOW FOR 
f ATARI* 4001800 I 

1 SEND & RECEIVE CW & RlTY I 
T t H M # ' . ' < I  I i d  .. ,+ I,,,, $nnll. 8 1  ,: ..."r..l 1 

I"I,'."l . . , , < ! i < < , l , " r r l ~  " i i l l l  A!,,, 1 1111111111111 

lrilo a ~ l d l e  01 the dl! c c ~ l n n 1 i ~ n # i a t l o l ~ ~  11.1 

mlnal 
TERMINALL 8 %  sasr to u x  Plug !"to 
your recelrar headphone lack and copy 
Morse code 01 redmoleblyv Plug !"to 
IOU, CW hey tach and e n d  Mot= code 
AIIech B microphone EonnCClOl and 
send Baudot or ASCII ustng audao toner 
IAFSKI That's all there t 1  10 hook6ng 11 

"I) 
Fanlarttc Morse r ~ s p t t o n  No ad 
lurtments are necwmry to recswe 
Mosre code 11's lullv automsllct St. 
stags actwe Idler dernodulalor and aulo 
addpt~ve MOIY algorlthrn COW" the 
weak and rloopv one* 
Separate RTTY and CW derncdulators. 
bull! ~n c w t s l  con!#ollsd AFSK. CW and 
PTT hevlng. €4 mtl kmo ~nlarcannacr. 
RS232 IN and OUT, hand ksv anput and 
sde lone oulpur 
Cursor Edmng uut cursor control ksvs 

,, v.1. '1 ,,.,,..<. ,," 1 l,,!,. , . I  ,"I, 'I..' 

8 8 ,  dl8 ln~t~s:r~ lbredh 81w>saue and 
11,stc>ry l . Snur lo Oak - lull s v e  lo dnk ot 
cnsrelte c+pabl~lles TERMINALL I d a  
~ I C  compallble wnrh man? word pro 
celsols ~ncludmg Text Wllard' . But11 ~n pa7sllel prlncer drlvar Mftwarc . Mul l~ph  user deftnFd WRU funcl~anr 
YUU 3 e k 1  nn818al1) Y ~ U F ~ C ~ .  Ierm#nsle 
xquancs, whal lo  tranrrnll back and 
whethel 10 mve on l a m  or dnrll 
Word rrrapplng. word mode edltlng, 
dtddle. qgnora Latrlagc returns, user plo 
grammaDlr em ol Ihnc regusnce. ad 
lustdble calrlage wtdlh, auto ildllpllve 
lrnnrmll delay, break mode and mwe 
Cornples wllh rolrwsrs on dtskstte. and 
~assetle. assembled and lsrled hard 
ware, am extenswe Instructton manual 
I 5  day money back lrlsl p l t o d  on lac 
rr,rv d q r ~ t  oxiets One year lhm>rsd parts 
and labor warranty 

Call or write for details. 
(209) 867-2888 

'A ~ ~ C W T R O N I C S .  inc. ..........-_.-. ,... -.A, I "'." '. . 'w..'s.w ..--..-.- r. 

1125 N. Golden State Blvd. = AI.,,, ,nc and T ~ S I  W m r d  IS s 
\wTYrbck. CA - COD, Iskstmd Daladl/ 

F 3 r  s u p e r l o r  perforniarizc' d l  lower c.cisl, use 
top.raled 8-pole Fox Tango crystal l~lters lo 1111 
the opt~onal spots in your rlg. For example, 
our 1800 Hz FT2108 equ~valenl of the YK88SN 
has a 6016dB shape factor of 1.7 compared 
w ~ t h  2.0, a price of $55 vs $63, and squarer 
shoulders at the top w ~ t h  steeper skirts all the 
way down to more than - 80dB. 
For more pleasant audio use our 2100 Hz for 
SSB andlor our 6000 Hz for AM. For CW, our 
400 Hz unit is better than the YK88C, while our 
250 Hz is sharper than the YK88CN. The more 
you buy, the more you save! 

BIGGER IS BETTER! 
Fox Tango filters are better because of their 
discrete crystal (not monolithic) construction. 
This makes them slightly larger than YK filters 
so they are patched ~ n t o  the circuit with short 
lengths of coax. Installation is easy - no drill- 
ing or circuit changes. Order with confidence. 

INTRODUCTORY PRICES - Complete Kit 
Any ONE filter.. . . . . . . . . . . . . . . . . $55 
Any TWO filters.. . . . . .$I00 (Save $10) 
Any THREE filters.. . . . Sl45(SavsS20) 

Includes all needed cables, parts, detailed in. 
structions. Specify the type@) desired. 
AM - FT2111 (6000 Hz Bandwidth) 
CW - FT2101(250 Hz); FT2102 (400 Hz) 
SSB - FT2108(1800 HZ); FT2109 (2100 HZ) 
Sh~pping $3 per order. ($5 air) FL Sales Tax 5% 

ONE YEAR WARRANTY 
GO FOX.TANG0-TO BE SURE! 

F&q 
Order by Mail or Telephone. 

AUTHORIZED EUROPEAN AGENTS 
&T J c a n d t n a v ~ a  M I C R O T E C  M a k e d i e n  26 

3200. S a n d e f l o r d .  N O R W A Y  

O t h e r  I N G O I M P E X .  P o s l l a c h  2449 
fl 136 D.8070. I n g o l s t a d t .  W. G E R M A N Y  

SATELLITE 
TELEVISION 

SYSTEMS 
WE WILL NOT BE UNDERSOLD!! 

Complete Systems, Antennas, 
Receivers, LNA's & Accessories 

CALL US TODAY! 
81 2-238-1 456 

" N a t ~ o n ' s  Largest Total  C o m m u n ~ c a t r o n s  D ls t r l bu to r "  

P.O. BOX 3300 TERRE HAUTE, INDIANA 47803 

I BUY DIRECT 8 SAVE I 
CONVERTER 

$3 8 Regular $69 I 
Advanced Solid State design and cir- 
cuitry allows you to receive mid & 
super band channels. Restores pro- 
gramming to Video Recorders. 

36 CHANNEL 
REMOTE CONTROL 
CABLE CONVERTER 

$88.00 
DIAMOND D-56 WIRELESS 
THE ULTIMATE CABLE T.V. 
CONVERTER 

56 CHANNEL 
INFRARED 

REMOTE CONTROL 
$139.00 

I Send II for C a ~ l e t e  Cataloa 
132 1 

I CONTAINS. .,NGLE POLE 
NORMALLY OPkN SWITCHESI 

MEASURES 3 3 4 LONG 

6 KEY ASSEMBLY 

6 VDC RELAY 
501 t R  <MALL 

GOLD COBALT 
CONTACTS 

RATED 1 AMP AT 30 VOC 
HIGHLY SENSITIVE TTL 
DIRECT DRIVE POSSIBLE 
OPERATES FROM 4 3  TO 
6 V COIL RE9 220 OHM 

10 FOR e ' " L "  I 
120 v 1 3  W MOUNTS IN  
5 16 HOLE RE0 LENS 

AVAILABLE IN EITHER P C .  OR SOLDER LUG 

PLEASE SPECIFY TERMINAL STYLE DESIRED 
ALL ARE RATED 5 AMPS @ 125 VAC 

SPDT DPDT SPDT 
CENTER OFF 

$900 

100 FOR 
$80 00 $175 00 $8000 Y H Y  

CALL FOR U R G E R  QUANTITV QUOTES 

More  Details? CHECK-OFF Page 103 

J 103 
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products 

community repeater panel 
Ferritronics Inc . has introduced a new Com- 

munity Repeater Panel. the FT124C . The 
FT124C is compatible with digital-coded 
squelch schemes. such as Digital Private Line. 
Digital qhannel Guard. etc., in addition to the 
conventional EIA CTCSS tones . Up to eight- 
een users may be accommodated by the new 
panel. which includes complete audio process- 
ing. drop-out delay and time-out timer circuits 
on plug-in boards in a sturdy rf-shielded en- 
closure . 

Only six connections. including power and 
ground. are required to interface the panel to 
any full duplux station. to create a very cost-ef- 
fective shared repeater . For more information. 
contact Ferritronics. Inc., 1319 Pine Avenue. 
Niagara Falls. New York 14301 . RSK301 

antenna rotator control 
The DRC-1 rotator control incorporates a 

crystal-controlled modem allowing all control 
signals to pass over standard two-wire tele- 
phone lines up to distances of five miles . With 
leased phone lines this distance can be in- 
creased indefinitely . 

The DRC-1 control offers high versatility in 
azimuth control of larger antennas with short- 
est path-continuous rotation. or north-center 
360-degree rotation. verified by a digital azi- 
muth readout . Switch-selectable 1101220-volt 
operation and line-fault indicator are standard . 
The DRC-1 is housed for tabletop operation or 
can be rack mounted . The DRC-1 controls any 
one of three heavy-duty Hy-Gain antenna rota- 
tors with torques of 9.000. 16.000. and 23. 700 

"To Win The World" film 
"To Win The World" is a 29-minute color 

film that follows the crew of the million-dollar 
K2GL mountaintop station in Tuxedo Park. 
New York. during a recent DX contest . The 
film highlights scenes from the contest. includ- 

ing the raising of a four-element 80-meter Yagi 
onto a 200-foot tower . It is directed and pro- 
duced by Peter Bizlewicz with Larry Miller. and 
narrated by Bill Leonard . This film is available 
in 16-mm print and videotape . 

"To Win The World" is a movie that will in- 
terest both ham and non-ham viewers . It's the 
story of a technological sport. presented in a 
way that captures the excitement and chal- 
lenge of contesting . Films are available in three 
formats: 112-inch VHS or Beta. $75; 314-inch 
video cassette. $300; and 16-mm print. $425 . 
The 16-mm prints are also available for rental . 
For more information. contact Peter Bizlewicz. 
1209 Pines Lake Dr . W., Wayne. New Jersey 
07470 . RSK302 

compact hf transceiver 
The FT-77 is an extremely compact HF trans- 

ceiver for active mobile or space-conscious op- 
erators . Using computer-aided design and 
automated insertion techniques. the FT-77 rep- 
resents an advance in manufacturing efficiency 
and reliability . Equipped for SSB and CW oper- 
ation (fm optional). the FT-77 includes digital 
frequency display. CW widelnarrow selection. 
selectable AGC. RIT. and a highly effective 
noise blanker . 

For more information. contact Yaesu Elec- 
tronics Corp., P.O. Box 49. Paramount. Cali- 
fornia 90723 . RS#303 

inch pounds supporting vertical loads of 1.000. 
7.000. and 20. 000 pounds respectively . 

For further information. please contact the 
CIM Department. Hy-Gain Division of Telex 
Communications. Inc., 8601 Northeast High- 
way 6. Lincoln. Nebraska 68505 . 
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PI3 RADIO 
1950 E. Park Row Arlington, Texas 76010 

+ SPECIALIZING IN: * 
MDS Receivers & UHF Decoders 

. . . . . . . . . . .  MDS COMPLETE COMMERCIAL UNIT. $149.95 
MDS SLOTTED ARRAY ANTENNA KIT. . . . . . . . . . . . .  $25.00 
MDS DOWN CONVERTER KIT. . . . . . . . . . . . . . . . . . .  $28.50 
MDS COMPLETE POWER SUPPLY . . . . . . . . . . . . . . .  $35.00 
*SPECIAL NE64535 TRANSISTORS . . . . . . . . . . . . . . .  $6.50 

UHF DECODERS: FV 3 INSTRUCTIONS.. . . . . . . . . . . .  $5.00 
FV 3 BOARD $30.00 FV 3 IC CHIP KIT $35.00 
ZENITH 9-1 51 -03 TUNER . . . . . . . . . . . . . . . . . . . . .  $79.95 
DELUXE BOX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $24.95 
POWER SUPPLY KIT. . . . . . . . . . . . . . . . . . . . . . . . .  $24.95 
EDGE CONNECTORS . . . . . . . . . . . . . . . . . . . . . . . . . .  $2.95 

SATELLITE T.V. SYSTEMS: PRODELIN DISHES, DEXCEL 
RECEIVERS, LNA'S & CHAPARRAL POLOROTORS. SEND $1 .OO 
FOR MORE INFORMATION. 

INFORMATION CALL 817-460-7071 
ORDERS ONLY CALL 800-433-5169 mI [=I 

169 

-. Office Hours: Mon-Thurs 8-5 MST. 

ANTECK, INC. 
STAINLESSSTEEL WHIP - FIBERGLASS LOADlNGCOll 

- PATENT APP-IED NO COILS TO CHANGE 
-LESS THAN 1 5 VSWRIE~T RE TLNING RANGE1 

TUNE 3 2 TO 30 MHz FROM THE OPERATORS POSITION 
1.1 

- FAST AND SLOW SCAN RATES 
\> 

The Model MT 1RT moblte antenna tunes 3 2 lo  30 MHz fncluslve 750 watts CW. 1500 watts PEP lor hams mllltafy 
MARS CAP and commercial servlce Centel loaded lor hlgh elflclency Enables tunlng to exact resonance to wanled 
frequency Allows lull oulput lrom sold Stale l~nals No worry about reduced output lrom shut down clrcults Output 1s un 
allecled by motsture and the elements Tuned by a control box at the operator s posltlon Masl sectlon contalns a double 
actlon hydraullc cyllnder drlven by two mlnlature hydraullc pumps and 12 volt DC motors lor poslttve control No creeplng 
dur~ng weratlon or mOblle motton Can be remoted up to 500 I t  lrom antenna 

MT.l RT (remote tuned) $279.95 1 1 M) UPS shlwing 
MT-IRTR (retro k1t1ohMT-1) $129.95 6 00 UPS shtwlng 
MT.1 (manual tuned) $149 95 9 00 UPS shlpplng 
MT.1A (marone manual luned) $199 95 9 00 UPS shlpplng 

ANTECK, INC. Route 1, Box 415 
Hansen, Idaho 83334 208-423-4100 

DEALER INQUIRIES INVITED 

Panel Mount 

NUTS & VOLTS MAGAZINE 

ONE YEAR U.S. SUBSCRITnONS 

products 

high towers 
Towers up to 200 feet high can be construct- 

ed using Aluma Tower Company's all steel 
stack-up sections. Either 10- or 20-foot sec- 
tions are fitted with connecting hardware at 
the factory for building-block assembly on site. 
All sections are welded with diagonal cross- 
bracing for maximum strength and minimum 
wind drag. The steel stacking towers are de- 
signed for permanent installation for business, 
civil defense, or private communications 
needs. Aluma Tower Company also manufac- 
tures all-steel and aluminum telescoping 
towers which require minimum or no extra 
guying. 

For more information, contact Aluma Tower 
Company, P.O. Box 2806, 1639 Old Dixie High- 
way, Vero Beach, Florida 32960. RS#304 

2-meter amplifier 
THL's most economical new VHF linear am- 

plifier, the new 30-watt HL-30V, is designed for 
use with portable 2-meter radios. The HL-30V 
is a high-quality, easy-to-use, 30-wan VHF am- 
plifier. It is designed to be driven to maximum 
output power with only 3 watts drive from 
handheld radios. It will take 1-5 watts drive, 
with 1 watt delivering about 10 watts output. 
This neat little amplifier is perfect for turning 
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your handheld 2-meter transceiver into a pow- 
erful mobile lor base station with appropriate 
power supply). 

The amplifier operates on 13.8 Vdc and 
draws approximately 4 amps maximum during 
transmit. It utilizes carrier operated switching 
(COX) with no delay and has SO-239 connec- 
tors. The HL-30V measures approximately 4 x 
6 x 1 inches (100 x 158 x 30 mm) and weighs 
520 grams. Suggested retail for the HL-30V is 
$69.95. 

Also available fron Encomm is the HL-32V. 
This amplifier is similar to the HL-30V but has 
an FMISSB switch to allow SSBICW opera- 
tion. It also has a hightlow power switch which 
cuts output power by one half. Suggested re- 
tail price for the HL-32V is $89.95. 

For more information, write THL Sales De- 
partment, Encomm, Inc., 2000 Ave. G, Suite 
800, Plano, Texas 75074. RS#305 
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Ne om TEN-TEC el 
~011srant r e r u ~ l l ~ ~ g ,  parantees best mat~11, 
an )del4229 Only $199 
Here tteur radio! 

Tht esign, and the best value. 
Revers~o~e L clrcul1 guarantees wst possible match and widest bandwidth-you may 

need to tune only once to cover the higher bands and only two or three times on lower 
bands. Finest quality parts-ceramic insulators-ceramic inductor form-heavy duty 
ceramic switch with silver contacts-silver plated roller inductor-. Built-in SWR bridge 
shows ratios from 1 : l  to 5 : l  Built-in 2 kW dual-range watt meter shows power levels 
from 10 to 2000 watts Handles 2 kW PEP, 1 kW CW Frequency range 1.8-30 MHz 
continuous coverage Built-in balun-matches variety of antennas, balanced or unbal- 
anced, to 50 ohm unbalanced outputs Built-in bypass switch 4-position antenna selec- 
tor Coax connectors plus post terminals Lighted linear dial scale for easy tuning Black 
finished aluminum cabinet with stainless steel bail (5Vi'h ~ 1 2 % " ~  x13?hmd) Also available 
assembled as Model 229 in  slightly different styling at $279. 

ee our TEN-TEC dealer or write for details: 
E ~ T E C .  Inc.. Highway 411 East. Sevierville. TN 37862. 

24-hour quartz wall clock 
MFJ introduces its new 24-hour quartz-con- 

trolled wall clock. Its large 12-inch-diameter 
face gives excellent visibility, even across the 
room. This new clock is quartz controlled for 
accuracy to within 15 seconds a month. A 
sweep second hand makes precise reading 
easy. 

A single AA battery provides over one year's 
operation and immunity from power line fail- 
ure, and eliminates a power cord. The battery 
is not included. 

tcs CADDELL COIL CORP. 
POI 1,TVEY. V T .  05761 *I12 ?U7.lll;,; 

wr ro WINO C O I L S - r ~ r  U) 

COILS FOR MOMCBILT 
Wh* Slld.r D M R n  ORP RIo 

OSTOO'79plI . .  . . . . . . . . . . . . . . . . . . . . . . . . .  .S.W 
ORP T r m u n m m . l  W m  M a x  

ARRL H m a D o k  p UO.. . . . . . . . . . . . . . . . . . . . . . . . .  .7.m 
TUI~ Tin 1 WAS 4 MRU T r m m l n u  

QST M O Y  '76 P 11 . . . . . . . . . . . . . . . . . . . . . . . . . . .  .).I 
Mlni Mlrcr's Dream Rec*lvu 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  QST Se0'7bp11.. 13.U 
lO MOW O I r M  Conrrskm Recelvu 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  QST A p  '70 p 11. . I .@ 
Arnpl l l ln (or H W I  ORP T r m x e l v u  

QST Apr 'm p ll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .13.10 
Uarm~ntc  F l l t n  I C r  aDv*)  Wrbmd.. . . . . . . . . . . . . .  4.50 
LDw F r q u l l c y  T r m r r n l w u  

59 SOP '79 P n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r.w 
P r l c m  hCIU0. pon.9.. 

.ALU*S 
0.1 POWER Inlo your m t m n a .  See ARRL Wwldbook p. S U  Or 
Iv.90r ClO. 
1uw+:1 1mp.dmc.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  s11.m 
1 K W 4 : l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1l.W 

. . . . . . . . . . . . . . . . . .  luW4.1,9:1,0r 1: l  (p lckm* l . .  13.50 

. . . . . . . . . . . . . . . . . .  PuW4: l , I : l ,0 r  1: l  (pickonel. .  1b.W 
. . . . . . . . . . . . . . . .  l m w ~ : l , b : l . ~ : l . ~ r  1: l  l p l c k ~ ~ )  l m  

M m y o t h u  l n t u n t k g ~ 1 1  k ~ t r  h o u r  NEW LIST SC. Yw musf 
send Ramped mrclooe to rue lveour  011 kH I lr t  ,, 24 

MODEL 
SGlOOD 

MADE IN $349 95 
USA plus shlpp~ng 

Covers100 to  I t i d ,  MHz 111 I k t i ?  5teps wl th  thumb-  

wheel d ~ a l  * Accuracy 1 part per 10 m ~ l l ~ o n  at all f re- 

quencles Internal FM adjustable trom 0 to  100 kHz 
at a 1 kHz rate Spurs and nolse at least 60 dB be- 

low carrler . RF output adlustable l rom 5-500 m V  at 

5 0  ohms Operates on 12 Vdc @ 112 Amp A v a ~ l -  

able lor ~mmedla te  dellvery $349 95 plus s h ~ p p l n g  

Add-on Accessor~es available to  extend l r e q  

range. add ~ n t l n ~ t e  resolut~on volce and sub-aud~ble  

tones. AM. preclslon 120 dB callbrafed attenuator 

Call lo r  deta~ ls  Dealers wanted wor ldw~de 

VANGUARD LABS 
196.23 Jamaica Ave.. Holllr, NY 11423 

Phone: 12121 488.2720 P' 1Rd 



A Mini-Magazine offering timely 
material on a professional basis for all 
active Radio Amateurs. A.R.T. is six 
full-size pages, produced bi-weekly on 
high quality stock using magazine pro- 
duction techniques. Money back guar- 

, antee for your S26/yr. subscription or a 
quarterly trial (six issues) for S5. Check 

' what we've covered recently: 
r* 10.1 MHz opens for Amateurs r* How low 

!should your transmitted wave angle be? r* 
I CQWW phone and cw contests r* Sweepstakes 
H Cordless telephones r* FCC ideas on 1500 
watts output r* Manufacturer responses to 10.1 
MHz equip. mods. H Six-meter openings r* 

How to calculate your system noise figure rr 
Worldwide network of 20-meter beacons r* 900 
MHz ssb r* l amete r  DXing r* Big antennas at 1 KZCL r* Antenna heading calculations r* 
Review of Yaesu FT-102, ICOM-740, and others 
H How Packet Radio works r* Meteor scatter 
r* The Satellite Program r* Interview with 
Madison Electronics r* and much, much more! 

Amateur Radio Today H 107 
;Post Office Box 62431-1, Wolcott, CT 06716 

NEW - - -  - -  

PROGRAM MANUAL 
BRS" FOR AMATEURS 
Programs Design: Antennas. Op-amps. Smith- 
charts. R.F. Colls. Pads. Filters. Striplines. 
M~crowave and more. 

All FOR $9.95 (INCLUDES SfflPPlNG 
AND HANDLING1 

YAESU FT-207R OWNERS 
AUTOMATIC 

I SCAN MODULE 
15 minutes to install; scan r e  
starts when carrier drops off; 
busy switch controls auto- 

on-off; includes 
Instructions. 

$25.00 
ERY SAVER KIT 

e l  BS-1 $1 4.95 
.NO mcredeadbalter~es due to memory backup 

30% less Dower dram when squelched 
I Slmple to ~nstall, step.by-step lnstructlons and 

parts ~ncluded 
4 mA memof y backup reduced l o  500 
45 mA receiver draln reduced to 30 mA 
lmoroved audlo fidellty and loudness f l  134 

......................... 
QUALITY MICROWAVE TV SYSTEMS ......................... 

2 Complete Systems From s6995 z 
j 1.9 to 2.5 
* GHz ; Antennas 

3 Galaxy 
* Electronics z 6007 N. 61 st Ave. * Glendale. Az. 

85301 
* 1-602-247-1 151 
1 1-800-247-1 151 

It. 

* COD'S / Dealers Wantad * 

products 

MFJ provides a thirty-day money back trial 
period. If you are not satisfied, you may return 
the clock for a full refund (less shipping). MFJ 
also provides a one-year limited warranty. 

The MFJ-105 clock is available from MFJ En- 
terprises, Inc., for $49.95 plus shipping and 
handling. For more information, contact MFJ 
Enterprises, Inc., P.O. Box 494, Mississippi 
State, Mississippi 39762. RS#306 

radio direction finder 
BMG Engineering announces a new radio di- 

rection finder, the Super DF. Hams can use the 
system for sport transmitter hunts, finding 
stuck microphones, and hunting jammers. It's 
also useful for finding stuck or stolen transmit- 
ters, and search and rescue teams can use it to 
triangulate on boats at sea or downed aircraft. 

This easy to use unit connects to any un- 
modified NBFM receiver (such as a scanner, 
hand-held, or transceiver) at the antenna input 
and external speaker jack. It will work on any 
frequency between 100 and 260 MHz with one 
antenna, and between 200 and 550 MHz with 
another antenna. This non-ambiguous system 
resists overloading, and neither an S-meter nor 
attenuator is required. All strengths of signals 
can be hunted. One control unit can be used 
with any antenna unit: base station, mobile, or 

hand-held. When used in mobile-in-motion. 
the electronics do an excellent job of averaging 
out reflections from nearby objects, permitting 
stable, accurate bearings to be taken. Not hav- 
ing to stop to take bearings cuts down the time 
required to reach the transmitter. 

The SuperDF is available in kit form or as- 
sembled. Kits include plated and drilled box, 
drilled antenna boom, and antenna elements. 
The instructions include figures, diagrams, 
theory of operation, operating instructions, 
check-out and troubleshooting section, and 
extensive hints on hunting with the system. 
Construction and adjustment requires only 
simple hand tools, epoxy glue, and a VOM. For 
more information, send an SASE to: BMG En- 
gineering, 9935 Garibaldi Avenue, Temple City, 
California 91780. RS#307 

off-the-shelf enclosures 
PacTec Corporation has released a new four- 

page color brochure outlining its off-the-shelf 
line of enclosures for the electronics and re- 
lated industries. The brochure includes dimen- 
sions and prices for all injection-molded ABS 
enclosures, from the small, hand-held Series H 
enclosures to the large Series CL enclosures, 
measuring 12.5 x 11.6 x 8.8 inches. Enclo- 
sures for desktop and computer systems are 
also described. 

Standard accessories such as tilt stands. 
wrist and shoulder straps, and cord wraps are 
presented, as well as a list of available design 
options including speaker grills, ventilation 
slots, and EMIIRFI shielding. 

For more information, contact PacTec Cor- 
poration, Enterprise and Executive Avenues, 
Philadelphia, Pennsylvania 19153. RS#308 

scientific instrument 
interference control 

A new forty-page catalog (Number 831) 
from Electronic Specialists presents their line 
of instrument and computer interference con- 
trol products. Protective devices for smooth in- 
strumentation operation include equipment 
isolators, ac power line filterlsuppressors, line 
voltage regulators, and ac power interrupters. 

Sections describing particular scientific and 
computer problems and suggested solutions 
are included. Typical applications and uses are 
highlighted. 

For a copy of the catalog or further informa- 
tion, contact Electronic Specialists, Inc., 171 
South Main Street, Natick, Massachusetts 
01760. RS#309 



new antenna 
Bilal Company has introduced a new anten- 

na to its product line, the lsotron 15. Designed 
to operate on the 15-meter band, this antenna 
will give performance comparable to a full-size 
dipole in just a fraction of the space. The Iso- 
tron 15 will handle full legal power and has a 
bandwidth of 450 kHz, with less than 2-1 
VSWR. Center frequency is adjustable for opti- 
mum performance on your favorite frequency. 
The antenna weighs less than 2 pounds and is 
just 21 inches in length. The lsotron 15 can be 
mounte!on any 1-318 inch or smaller mast and 
in the vicinity of other lsotron antennas for a 
compact and unobtrusive multiband installa- 
tion. 

For more information, contact Bilal Anten- 
nas, Star Route 2, Eucha, Oklahoma 74342. 
RS#310 

rf wattmeter 
The new Thruline" directional wattmeter 

model 4410 expands the usual single full-scale 
power level of its plug-in element to seven 
overlapping power ranges. 

Designed for CW and fm systems from 200 
kHz to 1OOO MHz and 114 watt to 10,000 watts, 
the new precision instrument uses special ele- 
ments providing seven levels instead of one. 
The 37-dB power range covers 1/3/10130/ 
100/300/1000 or 10/30/100/300110001 
3000110,000 watts with k 5  percent accuracy. 
Range is selected by a front-panel rotary 
switch which also includes a battery-level posi- 
tion. Elements are simply rotated for either for- 
ward or reflected power measurement. 

Model 4410 Thruline" wattmeters feature 

v) V.S.W.R 

3 dB BEAMWlDTH 

m L W G T H  
LONGEST ELEMENT 16.5" 
TURNING RADIUS 

~ ~ X )  
DESIGN IMPEDANCE 500hna 50Ohm 500hmr 
POWER RATING (PEA)() 1 k~ PEP. 1 W P.EP. 1 W P.EP 
WlNDLOADlNG AT 14.1 Wf PS.1 Wf 47.9 Wf 

80MW 

I N E R N A T l O N A L  INC. OPW of t k  8~thorbrd 
P . 0  Box 29184 

dealers listed below, 
Lnncoln. Nehrnska 6629 6.1.1.1.0. (01111. I=. COIIM. CENTER ALI'S CLCCIIONICS 

1-800-845-61 83 1-800-228-4097 (305) 997-5324 
Rock HIII, SC Lincoln, NE Boca Raton, FL 

low-insertion VSWR of 1.05 or less, tempera- 
ture compensation to maintain full rated accu- 
racy from 0 to 50 degrees C, 120-percent over- 
range protection regardless of the selector 
switch position, and a choice of eighteen com- 
mon rf connectors interchangeable in the field. 

For additional information, contact Bird 
Electronic Corporation, 30303 Aurora Road, 
Cleveland (Solon), Ohio 44139. RS#311 

ITC-32 TT control board 
Advanced Computer Controls is proud to in- 

troduce its new ITC-32 Intelligent Touch- 
Tonem Control Board. The ITC-32 addresses 
the need for TouchTone@ control in Amateur 
Radio, commercial, and industrial applications 
with microcomputer-based flexibility and state- 
of-the-art Mitel tone decoding (No PLLslJ. 
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11 "HAMS SERVING HAMS" I /  t 

11 Lowest Prices in TVRO I/ 
I 1 INTRODUCING 11 

The HAWKEYE 7.5' Dish 
.3 F/D - 1  piece fiberglass, 

weighs only 80#. True polar- 
mount, buttonhook feed. 

SYSTEM PRICES 
SA~=TEK R5000.. ........ $1 550 
AUTO.TECH GLR 500,.S1650 
KLM Sky Eye IV .......... S1750 
DRAKE ESR 24 ........... $1 850 
Ail packages include: 7.5' dish, 
Polormount, Polorotor I f  
Polarizer,  100° K LNA, 
modulator ond cables. 

11 Other receivers available 
upon request. 

PRODELIN 10' Dish . .37 F/D, 
8 panels, fiberglass. The 
ultimate in 4 GHZ dishes. 

SYSTEM PRICES 
DEXCEL DXR 1 100 
with LNC - stereo ....... S2350 
DRAKE ESR 24 ........... S2094 
AUTO-TECH GLR 560. .S2360 
AUT 0-TECH GLR 520..$2 1 65 
AUTO-TECH- G ~ R  50o..S1994 
LUXOR STEREO, Infra-Red 
remote control .......... $2395 
UNIVERSAL COMMUN1CA- 
TIONS 

DL2000 .................... $1 999 
All packages include 100' K 
LNA or L N C ,  Cab les ,  
Modula tor ,  Dish, Polar-  
mount, Polatron il Polarirer. 

FOR FREE CATALOG OR 
ANYTHING IN TVRO, CALL: 

(208) 466-6727 
31 2 121 h Avenue South 
Nompo, Idaho 83651 

WMTOC K17D 
1-800-654-0795 
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products 
The ITC-32 provides twenty-eight remotely 

controllable logic outputs and four remotely 
sensed inputs. Morse code or tone encoded re- 
sponse messages verify command entry, and 
enable remote interrogation of output and in- 
put logic states. Eight of the twenty-eight out- 
puts are buffered for high currentlhigh volt- 
age-drive capability, such as for direct relay 
drive. The other twenty outputs are TTL com- 
patible levels. The outputs may be commanded 
singly, or in groups, allowing a variety of con- 
trol possibilities, such as antenna direction, PL 
frequency, and gain controls. An additional 
command allows BCD programming for con- 
trol of remote base frequency synthesizers. 

The logic inputs may be interrogated, or may 
function as alarm inputs. such as for intrusion 
detection, over-temperature, or flood indica- 
tion with external sensors. Optional connection 
to our telephone interface board allows land- 
line control, and auto-dial out on alarm condi- 
tions. 

For more information, contact Ed Ingber, 
WAGAXX, Advanced Computer Controls, 
10816 Northridge Square, Cupertino, California 
95014. RS#312 

plastic cable wrap 
The M.M. Newman Corporation introduces 

a multi-purpose plastic cable wrap that comes 
in handy packaged lengths for organizing and 
protecting wires, tubing, and hoses. M.M. 
Newman cable wrap is an expandable polyeth- 
ylene cable harness that snugly grips, organ- 
izes, and protects. It is as easy to apply as tape 
and stays in place without adhesives or glue. 

M.M. Newman cable wrap comes in three 
standard sizes: 1-318-inch diameter x 10-foot 
black UV resistant; a 114-inch diameter x 10- 
foot black; and an assortment pack of 118- 
inch, 114-inch, and 318-inch sizes in 5-foot 

lengths. Private labeling with two-color head- 
ers is also available. 

For additional information, contact M.M. 
Newman Corporation, 7 Hawkes Street, Mar- 
blehead, Massachusetts 01945. RS#313 

high-band and UHF RF 
amplifier 

A new line of fm RF amplifiers that increase 
the output of low-power high band or UHF 
portables and mobiles from as little as 2 watts 
to as much as 100 watts is now available from 
The Antenna Specialists Co. 

The compact, self-contained AIS RF ampli- 
fiers operate on 12 Vdc (negative ground) and 
are field-tunable across the range of 136-174 
MHz in high band models or 430-512 MHz in 
UHF. Six high band models accept nominal RF 
inputs of 2, 10, or 25 watts and produce a nom- 
inal output of 25, 50, or 100 watts. The four 
UHF models deliver a nominal 25, 50, or 80 
watt output with a nominal input of 4 watts, or 
80 watts RF out with 25 watts in. Unit size 
varies depending on the frequency range and 
power output. The smallest measures only 1.56 
inches high by 3.75 inches long (including con- 
nectors) and is supplied with an under-dash 
mounting bracket. The medium power models 
are 6.6 inches long by 4.6 inches wide by 2.5 
inches high (including connectors) and the 
high power models are 2 inches longer; both 
have mounting flanges with four bolt holes. 

For further information, contact The Anten- 
na Specialists Co., 12435 Euclid Avenue, 
Cleveland, Ohio44106. RS#314 

30-meter mobire antenna 
A new resonator has been added to the line 

of Hustler hf mobile antennas. Model RM-30 is 
designed for operation in the newly allocated 
10.100 to 10.150 MHz band when used with a 
MO-1 or MO-2 foldover mast. VSWR at reso- 
nance is 1.15:l (50 kHz under 2:1), and power 
handling capability is 250 watts. 

For more information, contact Hustler, Inc., 
3275 North B Avenue, Kissimmee, Florida 
32741. RS#315 

HT conversion 
VoCom announces its new HT conversion 

system, which makes possible the conversion 
of virtually any hand-held radio to full mobile 
operation through use of the VoCom Power 
Packet. The Power Packet gives 3 watts of 
audio output power to cover road noise, and its 
unique charging system keeps your HTcharged 
and ready for portable operation. Also included 
is a microphone preamp to accommodate near- 



ly any microphone and a hooded lamp to illumi- 
nate the HT at night. When the unit is dash- 
mounted, all front panel HT controls are con- 
veniently accessible. 

Smaller than many control heads, the Power 
Packet measures only 5 x 3-114 x 1-112 
inches, thereby simplifying mounting in auto- 
mobiles. The packet, external speaker, rf am- 
plifier and the HT can all be mounted in sepa- 
rate locations within the vehicle, making them 
less conspicuous from outside the car. The 
packet functions as a "control head" for the 
svstem. 

Suggested retail is $84.95; matching speak- 
er, $19.95; external rf amplifiers are priced from 
$84.95. For more information, contact VoCom 
Products Corporation, 65 E. Palatine Road, 
Prospect Heights, Illinois 60070. RS#316 

surge suppressor and noise 
filter 

Kalglo Electronics Co., Inc.. has added a 
new console-model Spike-Spiker to its existing 
line of voltage surge suppressors and noise fil- 

foot grounded heavy-duty cordset. 
Voltage spikes are suppressed in six different 

SAY 

YOU SAW 
IT IN 

ham radio! 

FULL 1 4 t h  WAVE . A11 Bmnd,! Autonl.!lc 5c8cct inn  rtrn 
o r o r r n  HI-0 T,.P. 3 MO~CIS-ALL s e l f  sccooorrtn.. cround 
or roof mount H I  STRENGTH FIBERGLASS TUBING 
OVER - A L L  N O  WOBBLY. LUMPY T R A P S .  N O  U N -  
S I G H T L Y  C L A M P S  ncensd - Size 1 114 ' .!I tha  r . 7  w - 
11.0s M d e n  h s u e  Y o u  ran use II In 1 I t  I.. 8.cky.d 
FOR APARTMENTS.  MOBILE H O M E S  - CONDOS r t c  
whars mhlmvm sp.~. and ne.l . o ~ s Y . n c e  I. M A N D -  
ATORY! Insl.nt "Dr1.a I n W w u n d  mount rlncludsdl U,C ~ n h  
or w n w m  ram. (hcbdadl  (A1 angle roof mounl - E x t r a )  
COMPLETELY PRETUNED-NO ADJUSTMENTS NEEO- 
E D  EVER1 N O  TUNER NEEDED FOR M O S T  T R A N S -  
CIEVERS I Usa - RGBU faadha. . n y  lan*h 1 2 0 0 0  W.8, 
PEP. lnevt ~ W C .  Shepsd - PREPAID I N  USA As.smDlas 
In 10  m h  who omlr scrsrrdrirsr WEATHERPROOF1 

11 s rm r u L L  PRICE FOR PP DEL IN USA 1c.w.. * 
510.00  0.1- for poa1.0.. elr*.L Cwcomm 1 or ordw u . h ~  

VISA M A S T E R  CARD or AMER-EXP. Ph  I - 3nA-  

dmy. AII Antan-. (iuar.ntaad fop 1 yew - 1 0  day 
money bcli trl.1 Floe lnf 

W E S T E R N  ELECTRONICS 

D-1. &R- 6 fl K.m.y N.. 68847 
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- PHOTOWAIT 
PHOTOVOLTAICS 

EQUIPMENT, 

STEREOS AND 

P.O. BOX 339 OEPT. HR 
REOWAY. CA  95560 (707) 923.2277 f l  104 

A 

CB TO TEN METER 
CONVERSION KlTS 

KITS for AM-SSB-FM 40Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in- 
stallation with minimum time and equip- 
ment 
BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 
PRICES Low cost prices range irom 
$8.00 to $50.00 

All kits are in stock including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 
Sandwich, Ma. 02563-0183 

(61 7) 888-4302 r/ 148 

J 179 
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. 
When it comes to 

QSL9s ... 

ONLY BOOK! 
US or Foreign Listings 

' ca 983 llbooks 
Here they are! The latest editions of the 
world-famous Radlo Amateur Callbook 
are available now. The U.S. edltlon 
features over 400,000 Ilstlngs, with over 
75,000 changes from last year. The 
Foreign edition has over 370,000 listing. 
over 50,000 changes. Each book l l s t s  calls 
and the address information you need to 
send QSL's. Special features Include call 
changes, census of amateur Ilcenses, 
world-wlde QSL bureaus. prefixes of the 
world, International postal rates. and 
much more. Place you order for the new 
1983 Radlo Amateur Callbooks, available 
now. 

Each Shipping Total 

- USCa'lbook $19.95 $3.05 $23.00 
C Fore~gn 

Callbmk $18.95 $3.05 $22.00 

Order both books at the same time for 
$41.95 including shlpplng. 
Order from your dealer or directly from 
the publisher. All direct orders add shipplng 
charge. Forelgn residents add $4.55 for 
shipplng. lllinolsres~dentsadd S%sales tax. 

SPECIAL OFFER! 
Amateur Radio 

bVh7EUR RhO10 
Emblem Patch 

only $2.50 postpaid 
Pegasus on blue field, red lettering. 3"wlde 
x 3" hlgh. Great on Jackets and caps. 

ORDER TODAY' 

RADIO AMATEUR 

Dept. F ...... 4$iC9~!k":. Lake Bluff. l L  60044, USA 

products 

stages on both the common and differential 
modes. Suppression starts at 131-volts and re- 
sponds in one picosecond with an absorption 
capacity of 174.5 joules. Noise filtering is pro- 
vided by using inductive/capacitive series - 
parallel lowpass networks in five stages on 
both common and differential modes. Sepa- 
rate status lights provide, at a glance, monitor- 
ing of the common and differential modes. 

For more information, contact Kalglo Elec- 
tronics Co., Inc.. 6584 Ruch Road, E. Allen 
Township/Bethlehem, Pennsylvania 18017. 
RS#317 

44-pound generator 
WINCO, a division of Dyna Technology, 

Inc.. announces the new Kg00 Dynamight 
Generator, which delivers 900 watts of ac 
power. The K900 weighs only 44 pounds and is 
UPS shippable. It features a USDA forestry- 
approved muffler for super-quiet running. In 
addition, the Kg00 offers automatic reset over- 
load protection, automatic throttle control, a 
76cc four-cycle Kawasaki engine and two 120- 
volt outlets. The Kg00 is manufactured in the 
U.S.A. 

For more information, contact Walt Bram- 
mer, Sales Administration, WINCO Division of 
Dyna Technology, Inc., 7850 Metro Parkway, 
Minneapolis, Minnesota 55420. RS#318 

code training programs 
Three new audio cassette training programs 

for operators who want to increase their copy- 
ing speed are available from Twin Oaks Associ- 
ates. 

Developed over a four-year period by Ama- 
teur Radio operators who are also mental 



health professionals, the programs employ the 
principles of the psychology of learning to 
teaching code and upgrading ham skills. 

The System 12 Alphabet BookrL introduces 
basic Morse through a series of six thrity-min- 
Ute cassettes.. Suitable for individual or class- 
room use, the Alphabet Book takes students 
up to and beyond 7 WPM. The cost for the set 
isS15. 

System 12 , consisting of five sixty-minute 
cassettes, is designed to help Novices and 
Technicians pass the 13 WPM FCC code test, 
with a speed range of 2% to 17 WPM. The set 
includes a study guide and is priced at $30. 

Operators already copying at 10 WPM and 
preparing for the Amateur Extra Class test can 
use System 24 to help increase their copying 
speed. Through a series of five one-hour cas- 
settes, System 24 ' takes the operator from six 
to well over 30 WPM. With a study guide, Sys- 
tem 24 sells for $30. 

For additional information, contact Twin 
Oaks Associates, Route 5, Box 37, Knoxville, 
Iowa 50138. RS#319 

DTMF receiver kit 
The new Teltone M-956 DTMF receiver is 

now available with all the parts necessary to 
breadboard a central-office-quality DTMF de- 
tection system. You supply only the power 
source. 

The features and performance of the M-956 
make it ideal for applications such as computer 
data entry, equipment remote control, tele- 
phone switching, and mobile radio. The unit's 
sensitivity, dynamic range, noise immunity, 
and low power consumption make it particular- 
ly well suited for use in communications prod- 
ucts, and it comes in a twenty-two-pin DIP in- 
dustry-standard pinout. 

For more information, contact Teltone Cor- 
poration, 10801 120th Avenue Northeast, Kirk- 
land, Washington 98033-0657. RS#320 
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FREE CATALOG OF NEW DEVICES 

GOLDSMITH mllnim , I , ,  . ."" 
CORPORATION 

P.O. BOX 3 1 s ~ .  COMMACK. NY i tns  
PWONE ORDFRS WELCOME-15161 9IP7W4 .. 

MASTER CARD INrl V I S A  ACCEPTEO - = M€W 10.. I I A 1 E  R T S r D I N r l  ADD SALES 11, 
WS7AOC-ADD 5. PLUS l l  lo W I U I I I H C f  C O D  LlmEXll l  

MODEL 6154 TERMALINEfA! 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTlON 

A m n l z r n  .- D I ~ I W T O I  

I\MPb6krl 
a s s o c i a t e s  

115 BELLARMINE 
ROCHESTER. MI 48063 

CALL TOLL FREE 

800-521 -2333 
IN MICHIGAN 313 - 375-0420 

J 188 
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Model HF6V Complclely autolnallr bnntl~w!lc hang 
80 thmugh 10 plus 30 rnrlers Oulpedorms a11 4 and 
5 band trap venocalsof comparable sve Thousands 
on use worldwbde sonre December 81 1 160 meter 
optaon sveoleble now relrolll kt15 for remanntng WARC 
bands commg soon Heaqlrt 26 W7 8 meters glrvlng 
not requtred In most lnslsllatlMS 

Model 2MCV "Trombone' ' -omn~d!rect~onet coll8near 
gem venlcal for 2 meters havlng the same galn as 
doubl~.YI.' types. but the patenled trombone 

phssbng sectoon allows the radiator to remain unbroken 
bv lnsulslors for maxbmum slrength In hogh w!Ms No 
~01s plumber's deltght" construcloon and adlustable 
gamma match for complele D C grounding end 
lowest psstble SWR Hetght 9 8 W2 98 meters 

as the bast= 2MCV but a 
laller wlttl addttlonal 

gann Henght 15 75 fb'4 8 meters 

All BUTTERNUT ANTENNAS use stamless steel 
herdware and arequarsnleedfor a lull year For funhet 
mfwmatmon on these and olher BUITERNUT products 
wrlle for our FREE CATALOG1 

BUTTERNUT 
ELECTRONICS 

GARY AlRPOHT I < O X  1511 1 R T t  2 
SAN MARCO'; TEXAS 78686 

Complete System (as p~ctured) 51 19 '35 

Down Converter Probe Style 
(Assembled and Tested) $49.95 

Power Supply (12V to 16V DC+) 
(Assembled and Tested) $39.95 

PETERSON 
ELECTRONICS 

I +j 
*! 4558 Auburn Blvd 

a Sacramento. CA 95841 I 
C.O.D.'s 
SPECIAL QUANTITY 
PRICING 
Dealers Wanted 

1 VEAR WARRANTV 
PARTS b LABOR 

energy-saving soldering 
irons 

Three new low-priced "consumer" soldering 
irons with advanced "Thermo-Duric" heaters 
were introduced by the Ungar Division of Eldon 
Industries, Inc., at the Electronic Distribution 
Show in Las Vegas. 

"Thermo-Duric" heating elements reach sol- 
dering temperature faster, use less energy, last 
longer, and take less space than earlier wire- 
wound heating elements. Since the heaters 
were developed for industrial soldering sys- 
tems, the new "consumer" line has soldering 
qualities and dependability appropriate for 

New DTMF Receiver Kit turns 
phones into control devices. 

With Teltone's TRK-956 kit, you get all the 
parts necessary to breadboard a central 
office quality DTMF detection system for 
only $22.75. That's the lowest installed 
cost for a DTMF system. All you provide 
is 5V dc. For decoding DTMF signals from 
telephone lines, radios, and tape players, 
use the TRK-956. To order call: 
(800) 227-3800 ext 1130. 
[In CA, (800) 792-0990 ext 1 130.1 

ma&QM€. 1/ 180 

F S N  - YmN - YSTV - UN 

FAX - UI UMYL - SATELLITES 

K M l A V €  - M)(I.UI€I1 

rAcKn - Dlanrr rrcnnwouE. 
12lSSUESPER VEAR 

AMATEUR TELEVISION 
MAGAZINE '" 

"OUR 16TH YEAR - SINCE 19(17-' 

Surtns. Sudmc. AIrm.11 Alrm.ll 
U S1C.n.d. . Al l  C.nlr.1 All O l h  

u r n r o  F- S. A m -  Fmlpn 
hV.., a rom a11m amm r n m  
lye., I i Q W  I X m  I4Om S46m 
zva.r s 3800 s ~ i m  a 18m a sow 
3vs.r a s m  s u m  a11sm r w m  

OCD Publlcatlons 
C/O Mike Stone W 

electronic technicians and serious hobbyists. 
The CM-25 ($8.50). has an integral nickel- 

plated cone tip suitable for small and large con- 
nections. The 25wan iron heats to 750 de- 
grees F. 

The 45-watt CM-45 and 80-watt CM-80 can 
use any of eleven standard Ungar screw-on 
tips, and have three-wice cords to prevent leak- 
age current damage. 

The CM-45 ($11.25). comes with an iron- 
plated pencil-tip point. Operating temperature 
is 700 degrees F. The large-capacity CM-80 
($17.50). comes with an iron-plated chisel tip 
and operates at 800 degrees F. 

Slimmer, cooler handles were made possible 
by the more efficient "Thermo-Duric" heaters. 

For further information, contact Ungar, 100 
West Manville Street, Compton, California 
90220. In Canada, contact Eldon Industries of 
Canada, Inc., 500 Esna Park Drive, Markham, 
Ontario L3R 1 H5. RS#321 

single chip repeater control 
Digital Microsystems, Inc., has announced 

the release of a single chip repeater control 
(SCRC) that features crystal-controlled timing 
accuracy for ID, tail, and timeout timers, with 
the period of each timer programmable by the 
user. Each chip features an audio generator for 
generating the repeater station's call sign as 
well as several useful control messages such as 
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NEW! sen and lgnostic Del 
Amp Supply Is now offering corn llifler repa vice on your projects. Senc 
service. For a total charge of $39.00 we will repair or plifier and for $39.00 we will expllcltly lns~ruct you 
diagnose the problem on any amateur amplifier. If it takes :ing) about any modification I 

10 minutes or 10 hours the Amp Supply service repair ~g your amp up to specs. 
ch,arge is $39.00. The only additional charge will be parts ts must be shipped prepaid ro Amp supply. AT 
need air. will res 
Hom take advt d with rep, 

ASP Halo1 nguis' 
ASP Halor ~afely extinguishes a guisher re1 the FAA 01 m- 

I Y ~ W S  of fires WILIIUUL IG~VIIIM I ~ J I U U ~ ,  is noncorrosive, cia1 airliner in the U.S. Shouldn't you protect y@lr 
times as effective as CO,, and will not cause damage 1 !stment with the safr 
sensitive electronic equipment, such as ham gear ( :tronic equipment? - computers. Halon 1301 was chosen by N.A.S.A. for its 01 or bench size, 1 pol 
board extinguishing system on the Space Shuttle, and r rdar factory warranty. . . . . . . . . . . . . . . . . . . . . . . ..--.- 

Building An Amplifier? 
Electrolytic Capacitor Plate Chokes Roller Inductor 

EC-125 125ul 500volt DC 1 3 95 PC.811.IA U s e w i t h 4 ~ R l  IAor Sweeplubes 5 6.25 RI.28 28uh ceram~c wlsrlerroller $39 50 
PC-500-2A Use wlth 3 500.4.400 etc $ 8 2 5  Trsnslormen - Fllament 

Dlodes PC.lOOO-2A Use w ~ t h  3 1000. 4-1000. X.5.15 5 VCT@ 15Amp $24.50 
D-3.A H ~ g h  voltage supply dlodes I KV. 3A $ 1 0 0  8777 etc $10.00 X-5-30 5VCT@30Amp $29 50 
DL-8 5.2 Zener 8 2 volt 50 wal l  $ 5.50 X.6.16 6 3 V C T g l 6 A m p  $24 50 

Flllment Choke 
Swltches X.7.5.21 7 .5VCTg2 lAmp $34 50 

fC-30.A 30ampchokeonferr1teCore 
SB.6 6 posltlon 4 sect~on 2KW PEP 

$ X.10.15 IOVCT@lSAmp S 29 50 

ceram~csw~tch $24.50 X-10-20 IOVCT@ZOAmp $39 50 
Plate Caps 

w ~ t h  tuned Input swttchlng voltage X.20.15 20 VCTa  l 5 A m p  $49 50 
PC.500-I Aluminum Heat Stnk 

use wlth 3.500. 4.400. 5728 use wlth 3-500elc $ 5 5 0  Comblnatlon Plate, FIIament, 
SB.5 5 pos~tron I sectlon use wlth PC.811-I UsewtthBl lA.  5728 $ 1.50 and Relay Control Voltage 

81 I 'sor  sweeplubes $ PC-8877.1 Alum~num Heal S~nk X-500 S~ngle 3 500 amplll~er XFMR $69.50 
BD.6 Planetary Ball Dr~ve lor var~able caps For 8874, 8875. 8877, 3-1000. X-500-2 Pa11 3-500 amp l~ t~e r  XFMR $ I 0 8 0 0  

6 l ratlo', shalt 8.25 572, specltv tube $ 7 50 X-8114 Four 81 IA ampl~tter XFMR $59.50 

Tuned Input X.5728 Four 720 amplllter XfMR $69.50 

171.6 Complete PC board tuned Input board wtth Sockets X6M16 Fourfweeplubeampl~t~er XFMR $52 50 

6 torotdal colls. 12 trlmmer capacitors 
SC.500.I Johnson l22.0275-001 use wl lh 3.500. X-8877 Slngle8877 ampl l l~er  XFMR $ 172 00 

6-DPDT relays and coax. lully assembled 
4.400 etc f 14 50 XH.4K Ul t~mate Hypers~l 

tuneable 1 8 - 30 mhz matches any 
SC-811.1 Socket lor 81IA. 5728 $ 1 0 0  4KW PEP PlateXFMR $230 MI 

amp l~ t~e r  6'a" x 3C".  12 VDC $ 79.50 SC-1000-I Socket 3-1000.4.1000 $ 35 00 
SAF.500 3.500 a ~ r  t l o w m k e t  $35 00  Replacement Translormep 

Tubes SC.8877 8877 racket $ 14 50 
Cl~pperton L $87.50 

3-5001 tlMAC $97.50 TR 8877 8877 tellon tuberlng $ 19 50 
CLA- 1000. IOOOB $57.50 

811A $14.50 
$48 50 

Ampllller Power Supply 
572B Antenna change over mlay 2KW 

$ 5.25 
APS-I 3000 volt power supply complete 

3-10002 ElMAC $365 00 RL ZP-I  2PDT I2VDC 3000 volt DC a I Amp and 12 VDC a 2 Amps - 
8877 ElMAC - $45500 RL-3P-I 3PDT I2VDC 1 7.50 includes power translormer 117/234 AC 
813 $40 00 50160 Hz. electrolyt~c capac~tors. d~odes, 

Colls Meten 
M-1000.P Dual scale 0-3000VDC. 0.1 amp 

bleadef reslstors. PC board Completely 
TIC- I Toro~dal tuned Input colls 

wishunt 6 voltage resistors S 17.95 
aswmbled, chass~s and cab~nef 

speclty trequency $ O0 M.2000-W Dual scale wattmeter not ~ncluded $149 50 $1995  
FTC.1 f ~ n a l  Tank Call lor 3-500's. 4.400's. 

8877.5728etc. ZKW 160-40 MTR $1650  0-200 watt Amplltler klts available trom 
n c 2  lankCo1l20-I0 MTR 0.2000 watt Amp Supply: 

B6W 850 A. 
s5 

M-5000-VN 5000-VDC Meter $1995  LK.8IIA 4 B l l A  IOROMeter $ 299.50 

or 852 TankCotlandSw~lch $72 00 :-5r 0-500 MA $17 95 LK.5720 4 5728 10 160 Meter 1 399 50 

86W3902.I Cyclometer Counter - tunlng 0-1 AMP $17 95 LK.5001-2 2 3-5002 10 160 Meter $ 444.50 

for roller ~nductor or vacuum M-2A 0-ZAMP $18 95 LK.8877 I 8 8 7 7  10-160 Meter $ I 2 0 0 0 0  

var~able ~~4 50 M.3000 0.3000 volt DC $1  7 95 LK.30M 4 6M16 30 Meter S 199 50 
LK-10001 3 10002 10-80 Meter $1260.00 

VARIABLE CAPACITORS Caramlc Loadlng 6 Econo-Amp 4 6M16 any bandmono band 
Plate Coupling Capacitors spec~ly frequency $ 200.00 

A.250-75 250pt 3 5.  KV s26.50 CC.lOOO 1 0 0 0 ~ 1  5KV 1 5 9 5  
A.225-I20 225pl 4.5. KV $28.50 CC. 500 500pl 5KV $ 5 95 K ~ t s  ~nclude all necessary parts to b u ~ l d  a t~near, tuned 
A.232-45 250pt 2.2 - KV $23.50 CC- 200 200pl 5KV $ 5 95 ~ n p u l ,  metering. power supply and lranslormer Cab~nets and 

CC. I 0 0  3 0 0 ~ 1  5KV $ 5 95 chass~s sold separately Loadlng 
A- 1100-53 1100p13 section 1 2KW $12.25 

or redesig 

.- . ~ . ~  . 

A-1000.32 1000pt 2 5KW U7.50 
A 800.32 800pt 2 5KW $28 00 

H Al l  parts brand new 
Y We carry just about any amplifier part needed 

including transformers and cabinets 

m 
Check or money orders under $25.00 add $1.75 postage 
and handlidg, order direct. 

n needed 

. 

A, 
2071 Midway Drive P.C 

Twinsburg, Ohio 44 
Phone # (216) 4251 
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A N N O U N C I N G  

HAM-PAK" 
The Multi-Purpose Program for 

Computer-Equipped Ham Shacks 

Throw away your dog-eared beam 
heading chart (if you can find it.) 
Stop tearing through your old logbooks to 
see if you verified that VU7 And what 
was that coil-winding formula again? 
HAM-PAK puts the answers at your 
fingertips with: 

Instant, accurate beam headings 
from your OTH to 300 countries 

Instant retrievalof past DX confirmations 

Instant prefix identification 

Math formulas for radio use 

Mln~rnurn System. TRS-80 Ill. 32K. 1 dlsk 

ONLY S2g95 and we pay the postage! 
(Check or money order, please. No C.O.D.3) 
HAM.PAK IS a trademark of Sunderland Sottware 
lnaulre about HAM-PAK lor Apple. Atarl, 8 VIC' 

B 
SUNDERLAND SOFTWARE 

38e56 Sunderland Dr ive 
Mt. Clarnanr, MI 48044 

J 178 

. . . . . . . . . . . . . . . . . . . . $69.95 

come complete 

00 Coax Cable 

lnstructlons 
90 Doy Warranty 

912 West Touhy Avenue 
Park Rldge, I l l ~no~s ,  60068 

out 01 State ~ a / /  1-800-323-1327 
/n State ~a11312-564-0104 

Dealers Want.-(1 

WARNING 
8lVE V@UB MBE OR AM OMJUBV 

Base plates, flat roof mount 
Intended to support the we1 
because lndlvlduals assume sltuatlons are safe when they are not 

lnstallat~on and dlsmantllng of towers 1s dangerous and temporav 
guys of sufftcl€?nt sfrength and slze should be used at all trrnes 
when lndlvlduals are cl~mblng towers durlnq all types of ~nstalla- 
tlons or dlsmantl~ngs Temporary guys should be used on the 
flrst 10' or tower durlng erectlon or dlsmantllng D~smantltng 
can even be more dangerous slnce the cond~tlon of the 
tower, guys, anchors, andlor roof In many cases IS 

unknown 

The dlsmantllng of some towers should be done 
with the use of a crane In order to m~nlmlze the 
poss~b~ltty of member, guy wlre, anchor, or base 
fa~lures Used towen in many cases are not as 
inexpensive as you may thlnk if you are Injured 
or k~lled. 

Get professlonal, exper~enced help and 
read your Rohn catalog or other tower 
manufacturers' catalogs bef 
or dlsmantllng any tower A 
wlth your local, professlonal tower 
erector would be very lnexpenslve 
Insurance 

Dtvlroon o l  UNR Inc 

6718 West Plank Road 
Peorla llllno$c 61601 
USA 

L 

"TEST" and "pF." The chips are equipped to 
interface directly with PL decoders and also in- 
clude a PL-enable input. 

Additional features include a tune input for 
holding the transmitter on while making adjust- 
ments, a force ID input for manual trigger of an 
ID sequence, user-selectable Morse code 
transmission rates, and compatibility with a 
planned autopatch controller. 

With the user's call sign programmed into 
the chip at the factnrv, the SCRC sells for 
$89.95. An optional manual - including a data 
sheet and applications ;,iformation - is avail- 
able for $5.00. 

For more information, contact Digital Micro- 
systems, Inc., 607 Sudbury Street, Marlboro, 
Massachusetts 01752. RS#322 

autopatch and DTMF 
decoder modules 

Hamtronics recently released two new mod- 
ules to  complement their line of VHF and UHF 
repeaters. The autopatch module provides full 
telephone patch and reverse autopatch func- 
tions for a repeater or duplex rural radio tele- 
phone installation. In addition, it allows both 
primary repeater control via phone line and 
secondary control via the repeater receiver; it 

also allows a control operator to monitor the 
repeater receiver by telephone even when the 
transmitter is off. The autopatch features a 
choice of either automatic answer or on-air 
tone ringing when a party calls the reverse 
patch function. It also features automatic level 
limiting, time-out timer, tape recorder relay for 
logging, and access code tone muting for se- 
curity. The price of the autopatch is $89.95 in 
kit form, $159.95 wired. 

The DTMF decoder/controller module can 
be used with the autopatch, or can be used 
alone for control of repeaters and other devices 
by radio link. It has outputs to control two 
onlof f  functions independently. Typically, i t  is 
used to control a repeater and autopatch, but 
there are many other remote control jobs it can 
perform in radio, industrial, mining, and scien- 
tific applications. The decoder uses a four-digit 
DTMF code, and several safety features are 
provided for security against falsing or tamper- 
ing. The unit is all solid-state (no relays) and 
uses commonly available ICs. The kit costs 
$89.95; the wired unit, $159.95. 

For more information and complete catalog, 
write Hamtronics, Inc., 65F Moul Road, Hilton, 
New York 14468-9535. (For overseas mailing, 
please enclose $1 or 4 IRCs.) RS#323 
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114 WAVELENGTH FCC changes make obtain~ng a High-level 
Radio Telephone L~cense much easier now. 
Elminate unneces 
cuts and easy to l o  
ing the General R i  

1 
be a snap! Sample exams, also section cover- 
ing Radar Endorsement. I 

Model No. 

196-200 
196-204 
196-214 
196-224 
196-814 

Freq. MHz Descrlptlon 

144-148 5/16-32 Stud W /  Spring 
" BNC connector w/sprlng 
" BNC connector 

144-UP BNC COnfl. ad). InglO 
220-225 BNC connector 

sary study with our short- 
tllow study material. Obtain- 
rdio Telephone License can 

A small investment for a high-paying career in I 
electronics. 

$19.33 - - 
Satisfaction Guaranteed I 

518 WAVELENGTH 

' '̂ ppd. 
144-148 5/16-32 for HT-220 

" 1/4-32 stud 
" 5/16-32 lor old TEMm 
" BNC connector 

PL-259 w/M-359 1dp1. 
5/16-32 lor old TEMPO 

SPI-RO 
n 

DISTRIBUTING 
191-814 " BNC connector 19.95 
191-940 440-450 5/16-32 lot HT-220 22.95 
191-941 " 1/4-32 stud 22.95 
191-944 " BNC connector 19.95 

Hendersonville, N. C.  28793 

Y 177 

I RF CIRCUIT DEm'-" 

Largest Selection of Telescopic 
Antennas. Wrlte f o r  Info. Prlce are 
postpaid vla UPS to 48 States. For air 
dellvery vla UPS Blue add $1.50. 
Florlda add 5% sales tax. Payment by 
M.O. or Cashlers Check only. , ,,, 

"FOLD-OVER" 

EASE OF INSTALLATION 
ROHN "Fold-Over" Towers are quickly and 

I BY CHRIS BOWICI(. wo 

~ , . ,  .,, , , <  . ... - , .,,., -. . , ,  ?. . ...L "",, 
" ! > , > r % , +  "a,,,*,, *..I 3 :.,: w .  "," " , , .  ...,'. W , " F G '  5 , . 6 " ' ~ C S  
. , , , , : : ,  , , , " , ? # " >  .- < >,,r .i, 

CONTENTS: 

I FREE! 
rn 

CABLE LOSS CHART 
I IN SPRING CATALOG I l i  

NEMAL ELECTRONICS I COAXIAL CABLE SALE 
POLYETHYLENE DIELECTRIC I 

HGI I LI qoo/. S ~ I P I ~ I  7 5  oh111 ~ I I  spec 25'/11 1 I s H I ; - R / I I  ntic. shteld MII Snec 1127 951100lor 31'11 

H I , ~ < ~ R ~  O O U ~ I P  ~ h ~ i d  i ~ i >  58 sue) 50 ohm 50'111 . .. . . . . . . - .. r .. . . I I I 1 easily lnsliilled. The "Fold-liver' 1s safe I * H,,5Hll nr~l qppc 5 h t ~ i b  ($9 951 1001 or 11*,11 1 I I -...I -I-.. 6.. servlce. 1 L O W  LOSS F O A M  DIELECTRIC I I 1 . l" 
RG.~X(M~~~I  819!;',: sll!elt 1514 Y',~IOOlor l7'111 * nti8u 8oi0 sh~r~o 1515 95/1[101or 19'111 I 

cnnts sowlcr, WDIC 

HC 8/11 ' 1 7 " ~  bllleld ll gauge lequtv Beloen 8?141 200 AeRI PLACE ADAPTABILITY 
31'/ll LILBURN. OA. SO247 (/ 120 ROHN has several s ins lo 1 your applia- 

RG58U 80% shteld 07'111 
II(;WJ g5% shleld I O ~ ~ I I  tions or you can purchase the "Fold-Over" 
H1,~,91lJ 100% loll shreld TV lype I S 7  00, I O O I  or 10'111 
H!AVV DUTY rolor Ldble 2.16 Od 6-18 gd 36'111 components to convert your ROHN tower 

nlpnl F /ANTFNNA PnNNFPTQR Inlo a "Fold-Owr". 

O..", I0 .r..j,. co.. I.rl,"g,"t~ l"rlru<tlonr ,n 

HOT DIP GALVANIZED 
I .-*,, Gu.lm,m A t  rvu. be.,.l, (,I ISM Al l  ROHN lowsrs are hot dip galvanized *,d ,.',c,.'.l.," ."wa,o,\, ,  I Y p  

I /  173 

1. PO Box 829. Ramona. CA 92W5 
Ca Res add fiOb Sales Tar ' I  REPUTATION 

F',9A(TV lypei 
UG 11 D/U  1 ype N Male tor RG8. Amphenol 

ROHN is one of the leading lower manulac- I UG88CiU RNC Male 10, Rs-58. Amohem $1  25 turers. with over 25 vears of exwrience. Cusrom Mai l fng L ~ s t s  on Labels! 

Amateur Radio Operator NAMES 
Custom ltsts cornp~led l o  your spec~l~cal lons 
-Geographic by  ZIP ;~nd/or State: by Age or 
Birthdate: by Llcence Issue or Explration 
Date-on labels o l  yotrr cho~ce. 
Tota l  List: 41 1,000 Price: SPSIThousand 

Cal l  203: 438-3433 f o r  mo re  in format ion  

Buckmaster  Pub l ish ing  Y 122 
70 Flor~cln Htll Rri . Ridqefleld. CT 06877 

UL 273 BNC P~25'1 Amphenol $3 00 
3 16 Inch M~ke Plug lor Colltns elc lculolll $1  25 

Call or write for Free Catalog 
shlpping 
Cable - $3.00 1st 100 ft.. $2.50 each add7 100 It. 
Connectors -add 10%. $3.00 mlnlmum. 
Orders under $20 edd $2 eddltlonel plus shlpplng. 
COD add $1.50. Florlda Residents add 5%. 

NEMAL ELECTRONICS 
Dept.H.7327N.E. 119St.,N.M1amr,FL33161 

Tnlsahone: 1305) 893.3924 

I W r l l l  lodav lor C o m ~ I e I e '  delalls. I 

-- 
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technical forum 
Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers to your questions, and 
to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have a question? Send i t  in! 

Each month our editors will select 
the best answer received to a 
question previously posed in 
Technical Forum. We'll send the 
writer a book from our Bookstore 
as a way of sa ying thanks. 

noise blanker 
I need a noise blanker circuit that 

could be used in a National HRO 500. 
Any suggestions? - Bill Blackwell, 
K8L 0 

pacemakers and rfi 
Some time ago I saw an article 

about the very poor shielding of pace- 
maker devices used to regulate the 
heartbeat. It was written by a doctor 
in Dallas, and it should have scared 
any Amateur who has had a pace- 
maker installed. I have no idea how 
many, if any, hams have died be- 
cause of rf getting inside a pace- 
maker, but recently in the cardiac 
section of a local hospital I was dis- 
turbed to overhear a conversation be- 
tween a pacemaker recipient (an 
Amateur) and his doctor. The doctor 
did not know what my Amateur 
friend was talking about when he 
asked about the effects of rfi on the 
pacemaker, nor did he understand 
the problem when it was explained. 

Here in Florida there are probably 
more retired hams with heart prob- 
lems than anywhere else, yet I have 
been unable to find out how many 
have died as a result of pacer failures 
caused by rf, nor have I been able to 
obtain specs on any of these devices. 
As I understand it, the pacemaker is 
simply a device that emits a con- 
trolled pulse to the heart. 

Do any of the readers of ham radio 
have any information on this impor- 
tant question? - Edwin M. Hollis, 
K4CN. 

98 June 1983 

making verticals quieter 
Bill Orr's article on vertical versus 

dipole antennas in the October, 1982, 
issue of ham radio verified what those 
of us who have used both types of 
antennas have found in their perform- 
ance. The noisy vertical antenna can 
be quieted, however, without chang- 
ing or modifying the vertical antenna 
in any way. 

In order to "tame" a vertical, one 
technique employs a transformer at 
the feed point of the vertical. My first 
experience was with a simple quarter- 
wave vertical designed for 40 meters. 
transformer was connected as a 1 : I  
ratio transformer (fig. 1). The same 
The transformer consisted of eleven 
bifilar turns wound on the core sup- 
plied for an Amidon balun kit. The 
transformer can be used to match a 

200-ohm load by connecting the 
windings as in fig. 2. 

I used this configuration on a non- 
resonant antenna I built. Since this 
antenna has about a 200-ohm impe- 
dance, I used a 4:l ratio transformer 
to bring it down to 50 ohms. 

Ace Collins, KGVV, suggested this 
idea a few years ago when he was do- 
ing some experimental work on 
ground-independent antennas. The 
first time I tried it I thought my feed 
line was not connected, the antenna 
was so quiet! I pass this suggestion 
along for what it may be worth to 
those who favor vertical antennas be- 
cause of their low radiation angle, 
omnidirectional characteristics, or the 
space limitations of small city lots. - 
Robert L. Crawford, WAGRYZ. 

ham radio 

PO0 OHM 

SO OHM 

TRANSMITTER 

fig. 2. Bifilar 4:l wound transformer reduces noise in 200ohm vertical. 

50 OHM 

50 OHM 

TRANSMITTER 

fig. 1. Bifilar 1:1 wound transformer reduces noise in 50ohm vertical. 



General Comrnun~cat~on 

Scanners 
Amateur Bands 

M~croprocessor 

Call or Write 
JAN CRYSTALS 
P 0 BOY 06017 

1 NEW! 

I Gain 6 DB 

N o w  a v a i l a b l e  f r o m  t h e  
o r i g i n a t o r  o f  7 5 - 1 0  m e t e r  
H a m  S t i c k  M o b i l e  W h i p s  
c o m e s  a p r o f e s s i o n a l  
q u a i r t y  2 m e t e r  a n d  220m 
H z  b a s e  s ta t ion  at a prke 
h a m s  c a n  a f f o r d .  

M o d e l  9 0 4 0  
2 2 0  M H z  27.95 

2 m e t e r  28.95 

WINTENNA, INC. 
91 1 AMITY ROAD 

ANDERSON, S.C. 29621 1 (800)  845-9724 ,, 190 1 
More D e t a i l s ?  CHECK-OFF Page 103 

. 3TH ORDER C W  FILTER IOOHZ WIDE AT 750HZ . TONE-TAG AT BINAURAL CROSS-OVER ON CW 
V O I C E  FILTLR - SUPPLIES FILTER BANDS AT 3W 

TO 4WHZ AND 1 5 0 0  TO 75WHZ FOR SUPERB 
SELECTIV ITY  c)r4 VOICE 
BINAURAL SYNTHESIS THAT SUPPLIES TWO OUT- 
PUT CHANNELS WITH CROSS-OVER AT 750HZ - 
OPERATIONAL WITH ALL FUNCTIONS - 
AUDIO WHITE-NOISE GENERATOR - SEE JAN'BO 
HR ARTICLE OR SEND SASE FOR COPY - 
BROCHURES ON CAP AND OTHER PRODUCTS -- 

Hildreth Engineering 
P.O. Box 60003 Sunnyvale.CA 94088 
0 

1/ 144 
0 

WANTED 
HIGHEST PRICES PAID FOR: 

HARRIS RF-301 
& 

ASSOCIATED EQUIPMENT 

CALL COLLECT: 

LIBERTY ELECTRONICS, INC, 

(21 2) 925-6048 . 155 

MORSE CODE, BREAKING 
THE BARRIER 

by Ph~l Anderson, WUXl 

Learning the Morse Code 
does not have to be the pain- 
ful experience many folks 
make it out to be. This little 
booklet is chockfull of help- 
ful and highly recommended 
hints and tips on how to 
learn the Morse Code. Uses 
the highllow method to elimi- 
nate the dreaded 10 wpm 
plateau. m1982, 1st edition. 

OPA-MC Softbound $1.50 each 
Please add $1 00 lor  sh lpp lng  and handl~ng 

HAM RADIO'S BOOKSTORE 
G r e e n v ~ l l e .  N H  03048 

I KENWOOD I 

1 TS430S - I 
New Gen. Cov. 

R2000 
New Gen. Cov. 

1 \ '. T;fjCBCMM 
~aur.1. ~ d .  

u .  ENTER 20810 I 
INC. 

MD. : 301-792-0600 

I / I I OPEN M O N . T H R O V O H S A T .  

CALL TOLL FRE d 
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Ham Radio's guide to help you find your local A%& 
California 

F i  AELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 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 
619-463-1886 San Diego 
800-882-1 343 Trades 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 
Habla Espanol 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Azden, lcom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shop. 
ping at prices you can afford. 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, DenTron, Yaesu, 
Azden, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

I Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 

AMATEUR RADlO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Your complete Amateur Radlo and 
Computer Store. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
- - 

THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kansas 
- - 

ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381-5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

-- 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20707 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, Microlog, AEA, Ameritron. 

Massachusetts 
TEL.cOM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3040 
617-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Minnesota 
MIDWEST AMATEUR RADlO SUPPLY 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521-4662 
It's service after the sale that counts. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO. NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu bealer 

New Jersey 
RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
800-526-0903 
New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used equipment. Full service shop. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201 -256-8555 
-- 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke & Beckman 
Instruments, etc. 

I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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ma teur Radio Dealer 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
21 2-599-2630 
Drake, Kenwood, Yaesu, 
Ten-Tec, DenTron, Hy-Gain, 
Mosley in stock. 

HARRISON RADIO CORP. 
20 SMITH STREET 
FARMINGDALE, NY 11735 
51 6-293-7990 
"Ham Headquarters USA" since 
1925. Call toll free 800-645-9187. 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (315) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K21XN or Bob WA2MSH. 

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 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featu r~ng  Kenwood and all other 
Ham gear. Authorized sales and ser- 
vice. Shortwave headquarters. Near 
1-270 and airport. 

Oklahoma 
DERRICK ELECTRONICS, INC. 
714 W. KENOSHA - P.O. BOX A 
BROKEN ARROW, OK 74012 
Your Discount Ham equipment dealer 
in Broken Arrow, Oklahoma 
1-800-331 -3688 or 
1-918-251-9923 

Pennsylvania 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, Beckman, 
Fluke, Larsen, Hustler, Astron, 
Antenna Specialists, W2AUIW2VS, 
AEA, B&W, CDE, Sony, 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 UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

Texas 

MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Virginia 
ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

Wisconsin 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 

SATURN V 
MICROWAVE TV ANTENNA 
FACTORY DIRECT 
SPECIAL SALE: 

$125.00 p lus  shipping.  
Calif. residents 
add  6% tax. 

TOP SELLING ANTENNA 
FACTORY DIRECT 
WARRANTY SERVICE 

Sorry - No Visa or  Mastercharge 
This Sale 

To Order Call (916) 454.2190 

JDL INDUSTRIES 
4558 Auburn Blvd. 
Sacramento, CA 95841 r /  150 

TRI-STACK Stacking Towers. 10' to  120' 
TSlO - 40' s ~ d e  supported package, all hardware 
complete $289. 

TRI-T$;ZJ Crank U p  Towers 
TT237 37' self support. 9 sq ft $499. 
TT354 - 54' self support. 8.5 sq f t  $799. 

FREE 2 Meter JAYBEAM - 
Choice of LW512M 5 el. yagi or UGP12M ground 
plane w ~ t h  Tower purchase, offer limlted. Our way 
of saylng "Thanks" 

.Tprmr Certlfled Check or M 0 with order Prlces FOB 
Shlnglc Sptlngs, CA 95682 Freight collect Allow 2 to 6 
weeks dellvery Cal~f Residents add 6% Tax 

Radio and Electronic Parts 

Retail Mail Order 

job' Th~s  guide catalogs radlo antenna computer electronlc 
rnlcrowave and rnechanlcal parts lrom 75 mall order cornpa 
nles wllllng to sell In small quantltkes lo YOU' The address 
phone number and orderlng Intormallon IS ~ncluded lor each 
suppiler Several sell mllhlary and surpius parts Order your 
copy today and put excltemenl back rnlo your clrcult bulldlng 
$6 95 postage pald Fdst Response Overseas orders PledSe add 

WALLWARD PRO 
39 Sunset Ct St Louls 
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HANDBOOK 
Another super edition of the standard manual of rf communica- 
tion! Each year, The Handbook is revised to reflect changes in 
the state-of-the-art and this 60th edition is no exception. 
Expanded emphasis is given to the use of amateur satellites 
including RS and Phase Ill information. You will find computer 
and calculator programs for satellite tracking. There is also a new 
TVI troubleshooting flow chart ahd more coverage of amateur 
television. New construction projects include power sup- 
plies, 160-meter kW amplifier, deluxe voice/cw audio filter. 
single-band superhets, UHF signal source and dip meter plus a 
universal logic translator for digital communications. In 640 
pages and 23 chapters, The Handbook presents everything from 
electrical laws and circuits to sophisticated communications 
techniques including packet radio and spread spectrum. Order 
your copy today! Paper edition: $12 in the U.S., $13 in Canada, 
and $14.50 elsewhere. Cloth edition: $17.75 in the U.S. and $20 
elsewhere. Payment must be in U.S. funds. 

ANTENNA 
14th B O O K EDITION 

Here is the most comprehensive and up-to-date antenna book 
available. It's chock-full of theory and practical information and 
includes proven designs for: Yagis, quads, wires, verticals or the 
more specialized designs: Beverage, curtain arrays and fish-bone 
antennas. It also has a chapter that covers UHF and VHF antenna 

ough discussion of the phenomena of radio wave propagation. 
328 Daaes 14th edition. Softbound Price $8.00 in the US. Else- 

design. You'll find antennas for any kind of real estate from the 
apartment dweller to the true antenna farm. The Antenna Book 

CO~' covers in complete, easy-to-understand language. antenna and 
transmission line theory and includes the most complete expla- 
nation available of the SMITH CHART? Finally there is a thor- 

- -  

where $8.50. Clothbound price $12.50. Elsewhere $13.50 (US 
FUNDS). Available from your local dealer or direct from ARRL. 

I Please include $1 .OO per title for shipping and handling. I 
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Adver'sers v' 
check-off 

for I~terature.  In a hurry w e ' l l  
rush your n a m e  to the  companies 
whose names  you "check-off" 
Place your  check  m a r k  in the space  e tween 
n a m e  a n d  n u m b e r  . Ex: tiam Rad io  A 3 4  

Adv . Computer Inter . Crystal - 149 
Controls - 312 JDL Industries - 150 

Alden Elec . - 101 Jan Crystals 151 
Algon - 102 Jasco In1 . - 152 
All Elec - 103 KCS Elec . - 153 
A . E . E - 1W Kalglo - 317 
Alpha Delta - 105 Kantronin - 154 
Aluma Tower - 106 . 304 ~ ~ ~ ~ ~ o d  ' 
Ama . Radio Today - 107 ~ ~ b e r t y  155 
Amateur-Wholesale - 108 Long's - 156 
ARRL - 109 Lunar Elm . - 157 . 158 
Amp Supply - 110 MFJ - 159 . 306 
Anleck 4 1  11 MHCo - 160 
Antenna Co . - 112 Macrotronics ' 
Antenna Dev b 

Manu - 113 
Antenna Spec~allsts - 314 
Atlant~c Surplus ' 
A N  Magazlne - 114 
BMG Eng - 115. 307 
Barker & 

Wlll8amson .- 116 
Barry ' 
Bauman Sales - 117 
B~lal - 118 310 
B~rd Elec - 311 
011 "0 Byte - 119 
Peter Blzlewlcz - 302 
Chra Bow~ck's RF Clrcu~t 

Des~gn - im 
Buckmaster - 121 . 122 
B U ~ W I ~  - in 
Butternut ' 
Caddell Coil - 124 
Cal~fwn~a Antenna 125 
Ceco - 126 
Centurmn - 127 
Co~n Inter - 128 
Comm Spec - 129 
Cushcrah - 130 
D~gltsl Micro 131 . 322 
Dtrect V~deo - 132 
Drake ' 
Elec Spec - 133 . 309 
Encornm - 305 
Eng Consultlng - 134 
Ferrnron~cs - 135. 301 
Fox Tango - 136 
GSM - 137 
Galaxy - 138 
Goldvnlth Sclent~f~c - 139 
Hallward - 140 
H R B - 141 
Hamtronlcs . 

N Y - 142 . 323 
Harvey Rad~o - 143 
Hlldreth - 144 
Hooster - 145 
Hustler - 315 
lcom 146 . 147 
Independent Crystal - 148 

Meshna - 161 
Mrrage - 162 
M~ssouri Radio - 153 
Mornlng Dist - 164 
NCG - 165 
Nampa Satell~te - 166 
Nemal - 167 
Newman Corp . - 313 
Nuts b Volts - 153 
Oak Hill Academy A . R . S . 
P 0 . Redlo - 168 
P C  . Elec . ' 
PacTec - r)8 
Palomar ' 
Peterson Elec . - 170 
Phillips-Tech - 195 
Pro-Search - 171 
RF Products - 172 
Callbook - 173 
Random Access - 174 
SEI 175 
Snyder ' 
Spectronics ' 
Spectrum Int . - 176 
SPI-RO A in 
Sunderland 

Software - 178 
Tayco A 179 
Telex ' 
Teltone - 180 . 90 
Ten-Tec ' 
The Comm Center 181 
Transleteronic - 182 
Trl.Ex - 183 
Twin Oaks - 319 
UNR-Rohn - 184 
Ungar - 321 
Valor - 185 
Vanguard Labs - 186 
Vanan - 187 
VoCom - 316 
Webster - 1SB 
Western Elec . - 189 
WlNCO - 318 
Wtntenna - 190 
Yaesu - 191 . 303 

'Please contact this adveniser directly . 

Limit 15 inquiries per request . 
June 1983 

Please use before July 31. 1983 

Tear off and mail l o  
H A M  RADIO MAGAZINE - "check oft" 
Grwnvil le . N . H . OJOUHYSB 

NAME ......................................... 

CALL .................. 

....................................... STREET 

Cl w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................... STATE . . . . . . . . . . . . . . . . . . .  ZIP 

Learn the truth about your 
antenna . 
Find its resonant frequency . 
Adjust it to your operating 
frequency quickly and 
easily . 

If there is one place in your station where 
you cannot risk uncertain results it is in 
your antenna . 

The Palomar Engineers R - X  Noise Bridge 
tells you if your antenna is resonant or 
not and. if it is n o t  . whether it is too long 
or too s h o r t  . Al l  this in one m e a s u r e m e n t  

reading . And ~t works just as well with 
ham-band-only receivers as with general 
coverage e q u i p m e n t  because it gives 
p e r f e c t  null readings even when the 
antenna is n o t  r e s o n a n t  . I t  gives 
resistance and r e a c t a n c e  readings on 
dipoles. inverted V e e s .  quads. beams . 
mu l t iband  trap dipoles and verticals . No 
s t a t ~ o n  is complete without this up-to- 
d a t e  ~nstrument . 

Why work in the dark?  Y o u r  SWR meter 
or your resistance noise bridge tells only 
hal f  t h e  story . Get t h e  instrument tha t  

really works. the Palomar Engineers R - X  

Nose Bridge . Use ~t t o  check your 
antennas f r o m  1 to 100 MHz . A n d  use it 
in your shack t o  adjust r e s o n a n t  f r e q u e n -  

cies o f  b o t h  series and parallel tuned cir- 
cuits . Works better than a dip m e t e r  and 
c o s t s  a lo t  less . 

The p r i c e  is $59.95 in the U.S. and 
Canada . A d d  $3.00 shippinglhandling . 
C a l i f o r n i a  r e s i d e n t s  add sales t a x  . 

Send for FREE catalog descrlbing the 
R-X Noise Bridge and our complete 
line of SWR Meters. Preamplifiers. 
Toroids. Baluns . Tuners. VLF Conver- 
ters . Loop A n t e n n a s  and K e y e r s  . 

Alden Electronics . . . . . . . . . . . . . . . . . . . .  5 
. . . . . . . . . . . . . . . . . . . .  . Algon Antenna AB 1 

All Electron~cs Corp . . . . . . . . . . . . . . . . . . . . . . .  83 
. . . . . . . . . . . . . .  Alternat~ve Energy Engtneerlng 92 

Alpha Delta Commun~cat~ons . . . . . . . . . . . . . . . .  84 
. . . . . . . . . . . . . . . . . . . . .  Aluma Tower Co 70 

. . . . . . . . . . . . . . . . . . .  Amateur Rad~o Today 88 
Amateur-Wholesale Electronics . . . . . . . . . . . . .  55 

. . . . . . . . . . . .  Arner~can Rad~o Relay League 102 
Amp Supply . . . . . . . . . . . . . . . . . . . . . . . .  95 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Anteck lnc 86 
. . . . . . . . . . . . . . . . .  Antenna Company of Amer~ca 67 

Antenna Development & Manufacturing . Inc . . . . . . .  16 
. . . . . . . . . . . . . . . . . . . . . . .  Atlant~c Surplus Sales 86 

ATV BMG Magalone Englneer~ng . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  94 84 

. . . . . . . . . . . . . . . . . . . .  Barker b W~ll!amson . lnc ... 21 
. . . . . . . . . . . . . . . . . . . . . . . . .  Barry Electron~cs -- . 7 

Bauman . R H Sales Co . . . . . . . . . . . . . . . . . . . . . . . .  86 
Bllal Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
Bn "0" Byte . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
Chris Bowlck's RF Circuit Design . . . . . . . . . . . . . . . . .  Y I  

. . . . . . . . . . . . . . . . . . .  Buckmaster Publishing 50.97 
Budwlg Manufactur~ng CO . . . . . . . . . . . . . . . . . . .  97 

. . . . . . . . . . . . . . . . . . . . . . . .  Butternut Electrontcs 94 
. . . . . . . . . . . . . . . . . . . . . . . . .  Caddell Cool Corp 87 

. . . . . . . . . . . . . . . . . . . .  Calltornla Antenna Systems 101 
. . . . . . . . . . . . . . . . . . . . .  Ceco Communtcat~ons 67 
. . . . . . . . . . . . . . . . . . . . .  Centur~on Internattonal 82 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Coln Internat~onal . Inc 70 
Commun~cat~ons Spec~alists. . . . . . . . . . . . . . . . . .  54 

. . . . . . . . . . . . . . . . . . . . . . . .  Cushcraft 50 
. . . . . . . . . . . . . . . . . . . . . . .  Dtgltal M~crosystems 71 

. . . . . . . . . . . . . . . . . . . . . . . . .  D~rect V~deo Sales 83 
R L Drake Co . . . . . . . . . . . . . . . . . . . . . . . . . .  49.56 

. . . . . . . . . . . . . . . . . . . . . . .  Electrontc Spec~alists 50 
Engtneer~ng Consulting . . . . . . . . . . . . . . . . . . . .  88 

. . . . . . . . . . . . . . . . . . . . . . . .  Ferr~tronlcs . Ltd 42 
FoxTangoCorp . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GSM 50 
Galaxy Electronics . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
Goldsmlth Sc~entrfic Corp . . . . . . . . . . . . . . . . .  93 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Hallward Products 101 
Ham Radio's Bookstore . . . . . . . . . . . . . .  30.80.99 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Hamtron~cs . N Y 60.61 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HarveyRadio 36 

H~ldreth Englneen . . . . . . . . . . . . . . . .  99 
Hoosser Electrones . . . . . . . . . . . . . . . . . . . . .  83 

. . . . . . . . . . . . . . . . . . . . . .  lcom Amer~ca. Inc Cover 11.51 
. . . . . . . . . . . .  lndepmdent Crystal Supply Company 92 
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. . . . . . . . . . . . . . . . . . . . . . .  JDL Industries 101 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Jan Crystals 99 
Jasco International . . . .  . . . . . . . . . . . .  89 

. . . . . . . . . . . . . . . . . . .  KCS Electron~cs Corp 72 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Kantronlcs. Inc 91 

. . . . . . . . . .  Trto-Kenwood Communicattons 2 . Cover lV 
Lsbeny Electrontcs . . . . . . . . . . . . . . . . . . . .  99 

. . . . . . . . . . . . . . . . . . . . . . .  Long's Electronics 22.23 
. . . . . . . . . . . . . . . . . . .  Lunar Electron~cs 21.64 

MFJ Enterprtses . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MHCo 21 

Macrotronics . . . . . . . . . . . . .  , . . . . . . . . . . . .  83 
John J . Meshna . Jr.. lnc . . . . . . . . . . . . . . . .  43 
Mlrage Communicat~ons Equopment . Inc . . . . . . . . . .  81 
Mssour~ Radio Center . . . . . . . . . . . . . . . . . . . . . .  56 
Motnvng Dtstributing lnc . . . . . . . . . . . . . . . . . . . . . . .  64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NCG 67 
. . . . . . . . . . . . .  Nampa Satellite Recaver Systems 90 

Nemal Electronics . . . . . . . .  --- . . . . . . . . . . . . . .  97 
Nuts b Volts Magaz~ne . . . . . . . . . . . . . . . . . . . . . .  86 
Oak Htll Academy Amatsur Radio Ssssion . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P.B.Radio 86 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  P.C. Electronics 80 

. . . . . . . . . . . . . . . . .  . . .  Palomar Engineers ... 103 
. . . . . . . . . . . . . . . . . . . . . . . . .  Peterson Electronics 94 

. . . . . . . . . . . . . . . . . . . . . .  Phillips-Tech Electron~cs 72 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Pro.Search 104 

RFProducts . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
. . . . . . . . . . . . . . . . . . . . . . . .  Radio Amateur Callbook 92 

. . . . . . . . . . . . . . . . . . . . . . . . .  Random Access. lnc 42 
. . . . .  . . .  SEl. Inc . . . . . . . . . . . . . . .  96 

Snyder Antennas . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spectronics 87 

. . . . . . . . . . . . . . . . . . . . . . . .  Spectrum Inlwnational . Inc 59 
SpkRo Distributtng . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Sunderland Software 96 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Teltorw Corp 94 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Trt-Ex Tower Corp 64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  UNR-Rohn 96.97 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Valor Enterprises 93 

Vsngusrdbbs . . . . . . . . . . . . . . . . .  87 
Vanan . Eimac Division . . . . . . . . . . . . . . . . . . . . .  13 
Webster Communications . Inc . . . . . . . . . . . . . . . . .  93 
Western Electronscs . . . . . . . . . . . . . . . . . . . . . . . .  91 
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MORE FROM PRO-SEARCHTM ELECTRONICS 

NOW THREE MODELS OF OUR 
DIGITAL ANTENNA CONTROL 

Your Choice Of Center, North Or South 

D 
I$ rn,' 
ii .. 0 ? . . 

. . 
The "CONTESTER" provides the least expensive 
DIGITAL CONTROL UNlT WITH COMPLETE COM. p - r v - *  

PUTERIZED CONTROL, BUT WlTH LESS - ,. , .- 

FEATURES, than the "DX'ER" and "DELUX". The "DX'ER" is the top of the line of the non-voice 
Thls unlt glves you the current posltfon of your synthesized units. and is for the ham who is in 
antenna d~gitally in 5 "  steps. It has 2 memorles need of more features on their controller. it has c.r(lT 

and the command mode, lus s~ngle button opera. "2" digital readouts, one to show the antenna's - .  .,-( . 
tlon. The PSE.1A. "CONTESTER.. comes wlth a current posltion, plus a storage readout whlch This is the ultimate In rotor controls. Nothing to 
7.0 amp cont~nuous duty motor supply. PSE-3A holds a heading or digitally displays your last posh this one. 
has a 12 amp power pack. tion. This is valuable for switch~ng between long It has all the features of the other models, plu: 
It is not capable of being modifled l o  talk or accept path or short path, or checking front to back, or lafks ... Yes, it talks. 
the computer interface or remote interface. working between two different statlons ... a real The "DELUX" has a voice synthesizer which cc 
It is completely shielded and made of the same time saver and just a nlce convenience. firms your entrles, plus tells you your heading 
quality components as the other models. The "DX'ER" also has "5" scan functions: 0-90, you enter it and when your antenna arrives. 
The warranty on our unit is one year on materials 90.180, 180.270. 270.360, and 0.360 This is a real All commands are spoken, plus as your anten 
and labor, and ninety days on parts. ald In lookrng for that dogleg openlng or peaking a turns you hear a 400HZ tone going in one directi 
Th~s un~t is a very inexpensive way to have the best weak signal. and a 80HZ tone In the other. This gives y 
of both worlds. A real t~me saver during contests. I t  can be expanded to talk, and does have the hard- T ositlve ver~ficat~on of movement. 
Hands off operation will save many hours of hang. ware necessary to use with the computer inter. hls un~t, as the others, will combine with t 
ing on the rotor. Just a few dollars more than the face. HAM IV. T2X, and HDR-300, giving you the bc 
manual control box, but worlds apart ~n stated- It can be remotely keyed. where verbal confirma- antenna rotor combination you could ever want 
the-art and operation. tlon Isn't required. , C .  . * any ,. . 

BNTDO9UCl'dG K Y  E ULTIMATE PACKAGE ... FROM PRO-SEARCHTM NINE COMBINATIONS OF 
OUR CONTROL UNlT AND THE TELEXIHYGAIN* ROTOR MOTORS ... 
FOR JUST A FEW DOLLARS MORE YOU CAN HAVE THE CONTROLLER OF THE FUTURE TODAY' 

I 1  m e  "Contester" Packag e...try one of these 
TELEXIHY.GAIN rotors with our PSE.lA13A. A 
syslem whlch is low In cost, high in performance. 

PSE.1A will save you lots of time in your favorite 
contests. No more hanging on the rotor 
control ... Gives you positive control with DIGITAL 
readout plus 10 memories, command positioning, 
and slngle button manual movement. 

The "DX'ER" Package ... Couple this unit with a 
rotor and you have the best non talking control we 
make. Expandable, plus has 5 scan functions, 2 
DIGITAL displays and RECILAST to check long 
path or short path. Has all internal hardware to 
plug into our computer interface. Can be remotely 
controlled from accessory jack. 
Try this with any of the TELEXIHYGAIN* Rotors! 
This will give you the broadest of functions with a 
mid-range price. 

PSE-1 + HAM IV  $508.95 
PSE-1 + T2X 548.95 
PSE-3 + HDR-300 677.95 

m e  "Dolux" is the most sophisticated antenl 
control unlt ever made. With the "Delux" you ha 
all the functions of our other units. plus 
talks ... Yes it talks. Not only do you have yo 
headlngs digitally displayed, but is also said I 
your antenna stops ... All commands are spoke 
plus as your antenna turns you hear a 400HZ to1 
in one direction and an BOHz in the other. givif 
you positive varificatlon of movement. This un 
when combined with the HAM IV, T2X or HDR-I 
gives you the best buy anywhere at any price ... 

PSE-2 + HAM IV 5608.95 
PSE-2 + T2X 655.00 
PSE-4 + HDR-300 784.00 

PSE-1A +HAM IV 5369.95 
Pam- m 7 ~ m m q p 0 ,  Controllers also available for other rotors 

PSE-1 A + T2X 415.95 RIC~S and specifications subject to change 
PSE-3A + HDR-300 544.95 w~thout nollce or obllgatlon 
' Prtnted with parmosslon of TELEXIHYGAIN 
Telex Commun~cal~ons. Inc ar u S and Foreogn Patents -. * For PSE. 3A 3 4 add 524 50 for 12 amp 

O Copyright 1983 power pack 

f l  171 Write or Call lor our Catalog Ra.Seuch Eleclmnics Co Sulle 305 1MIt Clayton Rd. St. Louis. Mo. 63131 1.314.994.7872 (Missouri) lUXJ32W16 



Answering the call for an HF rig that goes everywhere, sounds great, and is 
cost-effective, Yaesu proudly introduces the FT-77 Compact HF Transceiver System. 

Computerized Design and Manufacture 
The FT-77 design engineers utilized the latest computerized circuit board layout methods, resulting in a 
compact, reliable transceiver with maximum utilization of available space. Automated insertion techniques are 
used in assembly, providing improved reliability and quality control over earlier desiqns. 

Operating Versatility 
The FT-77 is equipped for operation on all amateur bands between 3.5 and 29.7 MHz, including the three new 
WARC bands. Fully operational on SSB and CW, the FT-77 includes a dual width noise blanker (designed to 
minimize the "Woodpecker" or ignition noise), full SWR metering, R.I.T., and optional CW filter with wide/ 
narrow selection. The optional FM-77 permits operation on the FM mode, with front panel squelch sensitivity 
control. 

Expandable Station Concept 
Ideal for mobile operation because of its compact size and light weight, the FT-77 forms the nucleus of a 
versatile base station. Available as options for the FT-77 are the FP-700 AC Power Supply, FV-700DM 
Synthesized External VFO and Memory System, FlV-707 VHF/UHF Transverter, and FC-700 Antenna 
Coupler, providing top performance at an extraordinarily low price. 

Best of All, It's a Yaesu! 
With the most experience in transceiver design and manufacture, the Yaesu trademark is your guarantee of 
quality and durability. We've got all-new technology and an all-new warranty policy to back it up. 

See the FT-77 and the all new line of Yaesu HF, VHF, and UHF transceivers, receivers 
and accessories at your Yaesu Dealer today! It's time you tried a Yaesu! 

Price And Specifications Subject TO 
Change Without Notice Or Obligation 

The radio. 'J 

YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 4501 1 (513) 874-3100 



:an, progr 
otch filter 
I speech p 

:rage, Superior dynamic range, 
8 memories, Scan, Notch.. . COMPACT! 

he TS-430s combines the ultimate in 
ompact stylin with advanced circuit P esign and per ormance. An all solid- 
:ate SSB. CW, and AM transceiver, with 
M optional, covering the 160-10 meter 
mateur bands, it also incorporates a 
$0 kHz-30 MHz general coverage re- 
eiver having a superior dynamic range. 
ual digital VFO's, 8 memories. memory 

band scan, IF shift. 
: squelch, and built- 

Opcratcs ( 
option;~l F 
constant a - 

ammable 
; all-mode 
Irocessor. 

160-10 meter opera1 general 
coverage receiver 
With 160-10 nietrr A nd cover- 
agr. including WAR( ~d 12 meter 
hands, it a l swf~~at r~res  a 1 x 1  ~ r l z - 3 0  MHz 
general coverage receiver. Innovative U1'- 
conversion digital PI,L circrrit. for superior 
frequency stability and accuracy. UP/ 
DOWN band switches for Amatcur hands 
or 1-MHz steps across entire 150 kHz- 
30 MHz range. Two digital VFO's rontin- 
uously tunr;~ble from band to band. Band 
information output on rear panel. 
USB. LSB, CW. AM. with optic-"' 

513. CW. ar 
Ilv installe 
Ily selerte 

tion, with 

mateur ba 
: 30. 17. a1 

.-n a-. 

Lompacr. ugnrwerght desbn 
M c ; ~ < ~ ~ r e s  011lv 10-5 
f l  x 10-718 (275) D. i 
only 14.3 Ibs. (6.5 kb 

8 (2701-w 
nchcs (nin 
[.I. 
ynamic ra 

,,&am. 1- I.. 

id AM. wit 
d. AGC tin 
d by niode 

x 3-314 (9 
1). weighs 

Superior receiver d 
Usc of 2SK125 junct~on-typr r I., I s In 
thr  Dyna-Mix high sensit~\~ity. balanced. 
direct mixer cirrr~it provides superior 

to the same frequency and mode a s  'A' 
VM). or vice-versa. VFO LOCK switch pro- 
vided. HIT control tunes VFO or  m(-mory. 
UI'/I)OWN manrr:tl sr;ln possible  sing 
optional micropl~one. 

Eight memories store frequency. mode, 
and band data 
h4(,rnoric.s storr frequency. mode. and 
I)i111d d ; ~ t ; ~ .  I:ighth memory stores receive 
; ~ n d  tr;~nsmit frtsquencies independently. 
M.<:H s\vileh l i ~ r  oprration of Inemow a s  
indeprntl(*nt VIW. or  fixed frequency. 
Lithium battery memory back-up 
I.:sti~n;~letl Sive-year lift.. 
Memory scan 
Scans niemorlcs in whlch data is stored. 
Programmable automatic band scan 
Sca~rs  progra1nn1c.d I~and width. Sran 
spertl adl~~.;table. HOI,I) sw~tcti intrrrupts 
b;tnd or  Inrnlory scan. 
IF shift circuit for minimum QRM. 
11' passband ni;lv be n~ovcd to pi;lc.e lnter- 
ferring signals outside the passhi~nd. for 
best interf'rrrnre rejection. 

Tuneable notch filter built-h 
Deep, sharp, 1une:ible. audio notch fllter. 

h inst; 
ne Spec 
:. Imp1 

't;lIE 

Narrow-wide filter selection 
NAH-Wlnl.:, switch for IF filter selection on 
SSrl. CW, or AM, when optional filters are 

illed. (2.4 ktlz IF filter built-in.) 
ech processor built-in 
roves intelligibility, increases a 
i-power: 
mescent tube digital display 

1..  .I c s kc-qucncy to 100 1 lz (10 Hz 
lill:~ble). 

All solid-state technology 
Input rirtrtl 250 W 1'El' 0 1 1  SSD. 200 1 
I)(: on C'W, 120 W ~ I I  Fm (optionall, 6~ .. 
on AM. I3~1ilt-in cooling fan. multi-circuit 
final prolc.ction. 0prr;ltes on 12 VDC. or 
120 VAC. or 220/240 VAC: with optional 
PS-430 AC power supply. 

All-mode squelch circuit. built-in 
Noise blanker. built-in 
RF attenuator (20  dB) 
Vox circuit, plus semi break-in with 
side-tone 

Optional accessories: 
1'5-430 compact AC pourer supply. 
PS-30 or  KPS-21 AC powrr supplies. 
SP-430 external speaker. 
MB-430 mobile mounting bracket. 
AT-130 compact antenna tuner. 
80-10 m incl. WAKC. 
AT-230 base antenna tuner. 
160-10 m incl. WARC. 
FM-430 FM unit. 
YK-88C 1500 Hz) o r  YK-88CN (270 Hz) 
CW fillers. 
YK-88SN (1.8 kHz) narrow SSR filter. 
YK-88A I6 kHz) AM filter. 
MC-42s UP/DOWN hand microphone. 
MC-6OA deluxe desk microphone. 
UP/DOWN switch. 

More Information on U1e TS-430s is 
available from all authorized dealers of 
Trio-Krnwood Communications. 1111 W 
Walnut Street. Compton. Califbmia 904 

est 
)on 
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