


REMOTE CONTROL HE 
I,lay be mounted on dash and can " 

be taken when you leave your car 
Large LCD readout dlsplays 
maln and sub band frequen- 

. cles, S RF unlts, volume 
and squelch settlngs /' . 

IC-901 FM Mobile 

C dn  ' 1 ~ ~  lnsta~ed In your trunk 
Opt~onal Band Units Include: 

10 WllO meters 25 WJ220MHz 
10 Wi6 meters 10 W 1.2GHz 
2 melerlSSB CW 440MHz1 

SSBICW Broadband Receiver 
Select band unds according to 

your ~nterests. Even work 
OSCAR satellile mobiles! 

L I I I I  

V lrsta s under seat 

THE WORLD'S MOST 
VERSATILE MOBILE 

ICOM'S NEW IC-901 OFFERS THREE 
EASY-TO-OPERATE TRANSCEMR 
CONFIGURATIONS 

'I'he IC !H 1 l can lw (1) fieldcombined a s  a 
fullv separated and f ~ k r  optic-linked system 
with multiple trunk-located band units, (2) a 
single-cabinet transceiver for dashmounting 
or (3) a remotecontrolled unit for underseat 
installation. 

Coitrol head ~s~nstalled dlrectly to the 
~nlerface u n ~ t ~  maklng one compact unlt. 

I mounted in dash. 

Dual ttdi~d C I W  

~ntertace unil I 
can be installed 

I on visor. I 

The IC-901 is supplied with 50 watts 2- 
meter and 3 5  watts 440MHz FM band units 
coverin 138-174MHz Rx and 140-150MHz T x  
plus 44 a -4jOMHz W T x .  Adding more band 
units is a snap. The install easily out-of- r sight in your trunk or security! 

Outstanding Features Include: Full 
duplex operation, simultaneous dual band 
reception, ten memories per band, program- 

mable band and memory scannin with skip t function, any T x  offset, and muc more. 
The IC-901 also features a clever new 

DTMF Calling System which silently 
monitors a busy frequenc or repeater for Y stations calling you. Sque ch automaticall 
opens when a signal with the same DTM 
code you present is received. 

F 
Optional Pa er Function. When 

activated, our 1 -901 transmits a sixdi 't J e 
identify you as the calling station. 

f DTMF c e to call others. Its last three ~ g i t s  

K X M  Am Inc. 2380-116m Ave N E. WA980W 
Customa ! 3 v b  Hotlim (206) 454-7619 
3150 Premlw Dnve, Sune 126. I M ~ .  TX 75063 
1777 Phoen~x Parkway. S u e  MI. Atlanta GA 30349 
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"X1200A7 
:he EIMAC: traditior 

of serving Ah A mrrT TK RADIC 
EIMAC was right there to meet 
Ham requirements of 1500 watts 
PEP with its 3CX1200A7 tube. 
Leading manufacturers count 
on its proven performance and 
reliability. 

1st power 
for small spaces 
The rugged 3CX1200A7 takes 
size into consideration and, by 
design, is recommended as a 
single, low-cost alternative for a 
pair of ElMAC 3-500 Z tubes for 
new amplifier designs. 

General --IIIG~~~IW I: 

The ElMAC 3CX1200A7 is a high- 
mu, compact, forced air cooled 
triode for zero-bias class AB2 
amplifiers. 

2.9" dia. x 6.0" long 
Plate dissipation: 1200 watts 
Glass chimney SK-436 
available 
Standard ElMAC SK-410 
socket available 

More information is available on 
the new ElMAC 3CX1200A7 tube 
from Varian EIMAC, or any Elec- 

tron Device Group work 
sales organization. 
Varlan ElMAC 
1678 S. Pioneer Road 
Salt Lake City, Utah 84104 
Telephone: 801 972-5000 

varian @ 
eimac salt lake division 



I * - e .- cov+~taqe rece~ver Rec~~ver  
' n r  9 - t ~ ~  ~ r r q  r ;a<. .. ' (CW) covers 150 kHz 30 MH7 All 

u r z  ' v ~ n q ~ c i v o r  
modes bull1 In AM FM. CW FSK 
LSB, USB 

TS-940s-the standard of SLII)PI~) human enqtnerred 
performance by which all front 11atiel layout tor the 
other transceivers are judged. 

CW VET SSB SLOPE TUNE DX rntnded or contest~r ig  
Pushing the state-of-the-art ham Large fluorescent lube 
in HF transceiver design and maln d~splay wlth d~mmer, d~rect 
construct~on, no one has been keyboard Input of frequency. 
able to match theTS-940s ~n r1gn.l mwh n~m flywheel type maln tunlng knob 
performance, value and reli- wlth opt~cal encoder mechan~sm 
abillty. The product reviews all conib~ne to make the TS 940s 
glow with superlatives, and 

AF sogn.1 spectrum a joy to operate 
the field-proven performance AF tune operatlon One touch frequency check 
shows that the TS-940s IS #The AF TUNE lunctlon rduces 

/ r 
( T  F SET) du r~nq  spltt 

"The Number One Rated HF ~nterfelonq stgnalq and whlte nolse oner,'ttons 
Transce~verl" aThts luncllon should only be used InM.nng .~gnd 18 In th. anhr 

01 ftm d..(lvd 8llpnU 
Cl: i iq~,~ LCD sub d~splay 1nd1- 

/ I .  t I , , .  
du18ng ocerallon on the CW mode c n t ~ \  VFO qraph~c ~ n d ~ c a t ~ o n  

Kenwood SPPCI~IPS transnitt duty 1) CWVarlable Bandwidth Tuning Vary the 3)SSBSlopeTun1ng Operattnq~ntheLSBand O f  "' 'Ind 'lope tL'nlng 
'yrlP time. The TS 940S Is q""r passband wtdth cont~nuous ly  ln the CW FSK USE modes thls lr0nl panel cont ro l  allows ""' 'lnr 

Operate al power and AM modes w~thout affecting thecenter Independent cont~nuouslyvar~ableadjust  ' S4rpl' ' one step mode c h a w  
Output for periods exceeding f requency Thts effectively mlnlmlzes ORM mentoftheh~ghorlowfrequencyslopesolthe tnc~ w i'i CW announcement 
one hour. (14 250 MHz CW 110 from nearby SSB and CW s~gnals IF passband The LCD sub d ~ s p l a y  ~llustfates O t h e ,  v~ ta l  operat~ng func 
watts ) Perfect for RTTY SSTV 2)AFTune.Enabledwlththepushofabutlon the flllerlng posltlon tlonc, Selectable semi or full 
and other long duratlon modes t h ~ s  cw Interference l~gh te r  Inserts a tun 4) IF Notch Filter The tunable notch !liter break In CW (OSK). RlTlXlT all 
- ' , I ;  > t i ,  I 1 1  able threepoleact~veftltefbetweentheSSBl sharply attenuates ~n te r le r~ng  s~gnals by as  mode squelch. RF attenuator filter 
' , , I *  , ,, ,*, I CWdemodulator and the aud~oampl~f~~r Dur- much as  40 dB Asshown here the lntrrferlng select switch, selectable AGC 
, ,,,, + , , , tng CW OSOs thls control can be wed l o  slgnal IS reduced w h ~ l e  the d e s ~ r e d  slgnal CWvarlable pitch control speech 

, , , , ~~f~~~~~~ 
reduce lnterferlng s~gnals and nolse and remalns unallected The notch fllter works In plOcesSor and RF power output 

frPqllpnCy aCCl,rdCY IS meaS,,red peaks audlo lrequency response for opt~mum all modes except FM control programmable band 
CW performance 

~n parts per million! scan or 40 channel memory scan 

1 ,  ( I &  crystal osc~llator MC-43s UPIDOWN hand 
AT 940 full rangp (160 lorn) ,wtomat~c mlc - MC-GOA, PAC 80. MC-85 deluxe base 

antenna tuner SP 940 ~xternal speaker stat~on mlcs PC 1A phone patch TL 922A 
with audlo fllterlnq + YG 4556 l (500  Hz) hear  ampl~f~er * SM-220 stat~on mon~tor 
YG 455CN l ( 250  Hr),YK 88C l ( 500  H7) CW Q BS 8 pan dlsplay a IF-232CllF 10B 
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More Cause for Thought 
Last November I talked about the potential health hazards of electromagnetic radiation. While there is good reason to be 

concerned, too little is known at this time to determine if there is a direct link between electromagnetic radiation and cancer, 
or other diseases. Within the last few months, however, the story has received broad coverage in a number of different sources. 

Paul Brodeur, author of The Zapping of America published in 1977, recently had a three-part series published in The New 
Yorker magazine on June 12th, 19th, and 26th that discusses the alleged hazards of electromagnetic (EM) radiation at length. 
Brodeur addresses a number of areas he feels are potential problems. They are: high voltage power lines, electrical wiring, 
radar, and video display terminals (VDTs). 

High voltage power lines are a threat due to the high level electromagnetic field that surrounds them. Brodeur quotes research 
that claims these electromagnetic fields could alter the body's intricate, disease-fighting immune system and weaken its ability 
to destroy cancer cells. 

Brodeur takes the Air Force to task for locating its PAVE PAWS radars near two major population areas - Cape Cod, 
Massachusetts and Sacramento, California - without having completed a study of the bioeffects of those radars. Finally, 
there is the ubiquitous computer VDT. Again, the threat is from various types of high level EM radiation. 

Brodeur's series will be published this fall by Simon and Schuster as Currents of Death: Power Lines, Computer Terminals 
and the Attempt to Cover Up Their Threat to Your Health. Unfortunately, the sensational title does little to enhance the stature 
of Brodeur's piece. 

Picking up on Brodeur's lead, both TlME and NEWSWEEK have run reports on EM radiation threats. The NEWSWEEK piece, 
published in its July 10th issue on page 77, was titled "An Electromagnetic Storm," with the subhead "Overblown charges 
about power lines and VDTs." Quoting from the article, "The reality is a bit more complicated. Scientists are only beginning 
to fathom the body's exquisite sensitivity to electromagnetic energy. The evidence linking exposure to disease is far less than 
Brodeur implies." Summing up, the article says: "Brodeur and many of those he criticizes seem to agree: we're not quite 
sure what we're up against, and we need urgently to find out." TIME'S piece ran in the July 17th issue and discusses many 
of the same points. The Department of Energy does not have enough information at this time to take any regulatory action 
regarding electromagnetic fields. If there is a link between certain illnesses, TlME asserts that appliances and electronic equip- 
ment will need to be redesigned, homes rewired, and the power distribution infrastructure completely rebuilt. 

The New York Times ran a long article in its Tuesday, July l l th, "Science Times" section. While shedding little new light 
on the subject, the Times piece gives the reader a better explanation of the potential risks, and includes suggestions on 
how to limit exposure to electromagnetic fields. The Times also emphasizes that "prudence over panic" is the best course 
of action to follow. 

I have also just received a press release from Congress's Office of Technology Assessment (OTA), dated Monday, June 
19th. that discusses possible biologic effects of electromagnetic radiation. The report states that a number of different studies 
have demonstrated that "under specific circumstances even weak electrlc and magnetlc fields can affect living cells and systems." 

The OTA points out, however, that the health r~sk is much more complex and uncertain than that from other hazards like 
toxic chemicals and other known carcinogenic (cancer-causing) substances. Researchers do not know what parameters are 
the most important - "field strength, change in field strength over time, currents induced in the body, exposure, duration, 
or some other variation." 

The OTA calls for careful work to establish, beyond a reasonable doubt, whether or not there is a relationship between 
certain illnesses and electromagnet~c frelds. The valuable 102-page OTA report is titled Biological Effects of Power Frequency 
Electric and Magnetic Fields. It is available from the U.S. Government Prlnting Office (GPO). Superintendent of Documents, 
Washington, DC 20402, stock #052-003-01152-2, for $4.75. Another important document, Health Effects of Transmlssion Lines, 
covers many types of EM radiation. The 393-page report is available from the GPO for $11. Ask for stock #052-070-06461-7, 
serial no. 100-22. 

Finally, the ARRL Southwestern Division Convention, scheduled for August 25th-27th in Los Angeles, California, will be 
holding the first-ever Physician's Panel on Radiation Hazards. Wayne Overbeck, Ph.D., NGNB, wrll be the moderator. The 
panel consists of: 

W. Ross Adey, M.D., K6UI, internationally respected scientist in bloeffects research. Dr. Adey is the recipient of prestigious 

(Continued on page 89.) 
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Documenting extraordi- 
nary accomplishments 
Dear HR 

Your article on the "Bloody Beams" 
was great - not only from its techni- 
cal perspective, but also knowing how 
one or two clear thinking individuals 
can win out over the "it's impossiblelwe 
can't do that" establishment. 

Perhaps with your encouragement 
United States hams who played a key 
role in World War I1 electronics could 
document their experiences. One sto- 
ry that hasn't been written is how we 
achieved the extraordinary quali- 
tylfunctionality of our electronic equip- 
ment? This is something that we have 
now lost to the Japanese. 

Dr. William H. Taubert 
V. I?, Beatrice/Hunt-Wesson, Inc. 

Fullerton, California 

The right formula 
Just a note to let you know I think you 
have hit upon the right mix in articles. 
Referring to May 1989 issue of HR, 
I see everything from soup to nuts in 
way of construction articles - from the 
complicated to the simple, which is the 
way it should be. Carry on. 

John L. McDonald, WGSDM, 
Camarilla, California 

Initiation rites 
Dear HR 

Is it possible that some of us do not 
have an aptitude for the code? 

Psychologists tell us that the two 
hemispheres of the brain serve differ- 
ent functions. The left hemisphere is 
supposed to deal with analytical 
processes while the right side deals 
with speech, music, art, and the like. 
As one who can't dance, find the beat 

in rock music, or copy code well, I 
believe that code, like music is a right- 
brain activity. The theory portion of the 
exam is a left-brain process. To be a 
'Qood" amateur, one must have talents 
that some of us were not born with. 

I started to try to learn the code in 
1948. By 1953, 1 got a Novice ticket. 
I built a working 8-tube superhet 
receiver and a 75-watt transmitter. Alas, 
I could not copy off-air code, and never 
made a Novice contact. In 1956, after 
getting my First-Class Radiotelephone 
ticket, I also passed my Technician 
exam. I worked 6-meter phone, but no 
CW. My Technician license expired in 
1961 and I became inactive. 

Over the years, I tried to increase my 
code speed, but gave up each time 
after weeks and weeks of practice. In 
1987, 1 practiced daily for about 10 
weeks. The theory wasn't a problem, 
so I passed my Advanced in July. 
Incentive licensing does work, so I 
studied code for an entire year and 
passed my Extra in 1988. 1 can copy 
the practice tapes, but I cannot copy 
CW off air. Most operators seem to 
send at about 30 to 35 WPM. I might 
as well try to copy RTTY by ear. I don't 
even own a key and have yet to make 
a CW contact. CW is too intimidating 
for this individual who must have a wal- 
nut for a right brain. 

Does CW make someone a better 
operator? Just listen to the antics of the 
idiots in the pile-ups or the grouches 
of 75 meters and tell me that knowing 
CW made them into better Amateurs. 

For me, the code requirement is 
analogous to a fraternity hazing. Forty 
years is a very long initiation. 

Donald J. Sinex, KIGYE, 
Huntington Beach, California 

A winner! 
Dear HR 

Many thanks for The Radio Hand- 
book by Bill Orr, W6SAI. It was a real 
surprise to win in the April drawing. 

Keep up the good work with the 
magazine. I have been a subscriber 
since the very first issue. 

Kenneth L. Frank, WB5AK1, 
Copperas Cove, Texas 

The old man's disease 
Dear HR 

Its not trying to work 100 countries, 
or sending out QSLs, or getting QSLs 
from the bureau. Its not running off at 
the mouth on 2 meters, or getting on 
the soap box on 75, and hitting the 
green keys day and night. Oh, no. We 
did all of that years ago. But you hear 
the old-timers say, "Packet radio is not 
for me. I am too old for that stuff." I can 
remember that same kind of talk when 
SSB first came on line. 

But, some old-timers are having a 
ball on packet radio now. They are 
chasing each other from one BBS to 
another. You must work DX to do this, 
and you don't spend your time talking 
because you have to find the BBS 
where your buddy left a message for 
you. Then you send your answer. 

I was one of those guys who be- 
came "uptight" when I was in a pack- 
et connect. Seems there are more BBS 
mail boxes then mail. So now we can 
do something we have not done 
before. 

You old has-beens should quit run- 
ning down packet radio and get with 
what's here (and not what's coming 
down the pipe). You are not too old; 
you are too bullheaded. You don't have 
to upgrade, just degrade. 

W. E. Huffman, KeCVT, 
Moravia, Iowa 
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Dual Band Mord-abilitv! 

Dual Bander 

Optional full-function remote 
controller (RC-20). 
A full-function remote controller using the 
Kenwood bus llne mav be easllv connected 

The TM-7OlA combines two radios to the TM-701A and mounted 1n>ny con- 

into one compact package. you get ven~ent locat~on The new controller 1s cap- 
able of operating all front panel funct~ons 25 watts on 2 meters and 70cm, 20 

dual digital VFO,s. memory channels, tone encoder a) Frequency step selection (5,10.15, built-in, multiple scanning, auto 20 12.5 25kHz) 
repeater offset Selection on 2 meters, b) PrAgra&mable VFO 
and a host of additional features! The user fr~endly programmable VFOs allow 

20  multi-funct~on memory channels. the operator to select and program var~able 
20 memory channels allow storage of fre- tUnlng ranges In MHz band Increments 

quency, repeater offset, CTCSS frequency. Programmable call channel function. 
frequency step, and Tone OnlOff status, The call channel key allows lpstant recall of 
CTCSS and REV, prov~dlng qulck and easy your most commonly used frequency data. 
access durlng moblle operatlon Programmable tone encoder built-in. 
25W on 2m and 70cm. Tone alert system-for true quiet 
Selectable full duplex-cross band monitoring. 
(Telephone style) operation. When act~vated thls funct~on w~ l l  cause a 

Easy-to-operate front panel layout. d~stlnct beeper tone to be em~tted from the 
transceiver for approximately 10 seconds to 

Multi-funct~on DTMF mic. suppiled. s~gnal the presence of an lncomlng s~gnal 
C~ntrolS are provided On the microphone . ~ ~ ~ ~ - t ~ - ~ p e ~ ~ t ~  multi-mode scanning. 
for CALL (Call Channel).VFO. MR (Memory a) VFO scan 
Call or to change the and Band scan, Programmable band scan. 
a programmable function key The program- b) Memory scan plus programmable 
mable key can be used to control one of the memory channel lock-out 
following functions on the rad~o MH2.T ALTO c) Dual scan 
TONE REV BAND, or LOW power Dual call channel scan 
Easy-to-operate illuminated keys. Dual memory scan 
A funct~onally des~gned control panel wlth Dual VFO scan 
~nd~v~dually backl~t keys Increases the con- d) Scan stop modes 
venlence and ease of operation durlng T~me operated scan (TO) 
n~ght-t~me use Carr~er operated scan (CO) 

Specrhcalrons and pnces subject lo change wrlhoul nObCe or oblrgalron 
Complere servrce manuals are avarlable tor all Kenwood lranscervers and most accessorres 

e) Scan direction 
f) Alert 
When the AL switch is depressed memory 
channel 1 is scanned for actlvlty at approxl- 
mately 5 second intervals. 
MHz switch. 

L o c k  function. 
Repeater reverse switch. 

Optional Accessories 
RC-20 Full-function remote controller 
RC-10 Multi-funct~on remote controller 
IF-20 Interface unit handset . MC-44 Multi- 

funct~on hand mlc.. MC-44DM Multi-function 
hand mic. with auto-patch . MC-48B 16-key 
DTMF hand mic. MC-55 8 -p~n  mobile mlc. 

MC-60A/80/85 Desk-top mlcs. MA-700 
Dual band (2m170cm) moblle antenna (mount 
not suppl~ed) SP-41 Compact moblle 
speaker SP-SOB Mobile speaker PS-430 
Power supply PS-50 Heavy-duty power 
supply MB-201 Mobile mount PG-2N 
Power cable PG-3B DC l~ne  noise fllter 

PG-4H Interface connecting cable PG-dl 
Extensron cable k ~ t  *TSU-6 CTCSS unlt 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745.2201 E. Dom~nguez Street 
Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075,959 Gana Court 
Mlsslssauga. Ontario, Canada L4T 4C2 
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MFJ, Bencher and Curtis team up to bring you America's most popular 
, keyer in a-compact package for smooth easy CW 

The best of an CW wodds - a deluxe MFJ Kever usino a Curtis R044ARM chin on a . - , . -. a - - - . - - - . . . . - . . . -. . , . . - 
compact package that 111s rlght on the Bencher iambic paddle! 

Thls MFJ Keyer 1s small in size but big in features. You get iambic keying, adjustable 
weight and tone and front panel volume and speed controls (8-56 W?M), dot-dash 
memories, speaker, sidetone and push button selection of automdtic or semi-automaticl 
tune modes. It's also totally RF proof and has ultra-reliable solid state outputs that key 
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ANTENNAS 
Methods to help 
you improve radiation 

By Robert Sherwood, NCOB, Sherwood Engineer- 
ing Inc., 7268 South Ogden Street, Denver; 
Colorado 80270 

I n these days of miniaturization, HF mobile operation is 
more practical than ever before. Rigs are smaller, and 
DC inverter power supplies are virtually nonexistent. Are 

popular, small, antenna resonators a good choice also, or 
is too much given up in this crictical area? 

Background 
My early days of low-band HF mobile go back to the early 

sixties when tube equipment was standard, and there was 
a mystique surrounding the hardware required to get a sta- 
tion to function from one's car. A typical installation consisted 
of an AF-67 transmitter with 6146 final, a dynamotor (motor 
generator) to supply 250 and 650 volts, and a converter 
to receive 160 meters on a standard AM radio. I noticed 
that mobile antennas seemed to bring out regional biases 
- hams running mobile in Northern Ohio favored base- 
loaded whips as long as possible, while those in the greater 
Cincinnati area worked the top band with center-loaded 
whips and capacitive hats. 

160-meter whip antenna 
Several Cincinnati hams pooled their resoures to create 

a community mobile of sorts; the equipment, car, and effort 
were supplied by K8CRJ, KSIBQ, K8RRH, and WA8ADB 
(now NCBB). Our antenna construction was based initially 
on a Master Mobile 75-meter 5-foot whip and its matching 
resonator, which was 6 inches long and 1-314 inches in 
diameter. We discarded this no. 18 wire coil and modified 
its phenolic insulator to hold a 5-inch diameter plastic tube 
wound with 100+ feet of no. 16 close-spaced wire to reso- 
nate on 160. We added a 6-inch diameter capacitive hat 
that let us make minor adjustments to the antenna system's 
resonant frequency. The frequency wasn't easily changed 
once we had tuned it by removing turns from the coil. No 
one knew how efficient the antenna actually was, but it per- 
formed satisfactorily with daytime groundwave ranges of 
50 to 75 miles to a base station. 

For the next 20 years, my homemade mobile antennas 
evolved around variations of this same design. Discussion 
of HF mobile operation in The ARRL Antenna Handbook 
referred to maintaining the Q of the coil high, so I eventu- 
ally abandoned the close-wound coil on a solid form. Even 
though the effect of plastic tubing on Q wasn't known, it 
was obvious that weather degraded coil operation severely. 
If the antenna coil got a little wet, the AF67 pi network started 
tuning backwards. The rig wouldn't load at all in a real down- 
pour. If today's broadband fixed-tuned PAS had existed 
then, the transmitter would have barely functioned given 
the slightest bit of inclement weather. 

40-meter system 
The original Master Mobile insulator was long enough 

to support half of a B&W 3033 10-inch coil made from six 
turns per inch of no. 12 wire. Because it was of ribbed con- 
struction rather than solid form design, this coil exhibited 
much less wind resistance than previous units. With a 3 to 
6-foot base section and a 5-foot whip, the system resonated 
without additional top loading on 40 meters. It seemed 
desirable, however, to continue to use a capacitive hat, since 
what was advantageous on 160 would be an asset on 
40 meters, too. Because my tendency was to assume that 
bigger was better, I built hats from 12 to 24 inches in 
diameter. The latter seemed to be the practical limit, espec- 
ially since the consensus was that a hat should be kept out 
of the coil field, and that meant mounting it up the whip 
as much as 2 feet above the coil. 

A side benefit of the open-air coil was a virtual lack of 
environmental effects. Rain didn't detune the coil, and it took 
a blinding snowstorm to pack it to the point where it wouldn't 
load. 

A 5-foot whip let 5 inches of B&W coil resonate easily on 
40 meters, even without a capacitive hat. This meant that 
I could make two resonators from one coil stock. Since res- 
onance of a short, loaded antenna isn't a 50-ohm imped- 
ance, I chose an L network to provide a 50-ohm match. 
The added coil was simply an extra turn or two in the reso- 
nator, with an appropriate capacitor on the high impedance 
side of the network (across the coax feedpoint). That value 
was typically 470 pF on 7.2 MHz, 1200 pF on 3.8 MHz, and 
2400 pF on 1.8 MHz, depending somewhat on the base 
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section length and mounting position (see Figure 1). 
From a mechanical standpoint, this enhanced antenna 

with its large center loading coil and capacitive hat 2 feet 
up the whip put quite a physical stress on the bumper or 
deck mount, so I used a nylon guy line to keep things sta- 
ble. However, I didn't use springs at the base because they 
allowed too much lateral sway. 

Onward and upward 
Once I had a well-developed 40-meter system using 

5 inches of coil, I decided it was time to improve my design 
for 75 and 160 meters. Because 3-inch diameter no. 12 wire 
co~ls worked so well on 40, 1 chose 10 inches for 75 meters. 
Because it takes four times the inductance to tune a given 
whip when the frequency is halved, I knew that 10 inches 
of coil would require a longer whip or top loading. A 2-foot 
capacitive hat let me tune the antenna with less than 75 
pH, even on the low end of the CW band at 3500 kHz. As 
with the 40-meter resonator, moisture had very little effect 
on the operation of the coil with six turns per inch spacing. 

In 1984, world class mobile DXer KD0U asked if I would 
make him reproducible 40 and 75-meter resonators. He had 
87 countries confirmed and was trying for mobile DXCC. 
His antenna had to be able to handle a solid-state Metron 
linear, which produced 600 watts output. Once the project 
was under way, we were asked by the Dayton HamventionTM 
Antenna Forum to present quantitative data on our findings 
on the 40-meter version in 1985, and the 75 and 160-meter 
designs in 1986. 

Although subjective evaluations of these antenna systems 
had been acceptable for over 20 years, we needed hard 
data to truly evaluate what progress had been made toward 
the goal of transmitting the strongest possible signal on low- 
band HF mobile. 

Comparative and absolute measurements 
There are two basic ways to measure antenna perfor- 

mance, comparative and absolute. On 7 MHz, the only 
method available was the comparative one; I didn't have 
access to a field-strength meter that would tune that high 
in frequency. Seventy-five meters was a different case 
because I could use a broadcast station's field-strength 
meter to measure absolute signal intensity. 

We performed initial 7-MHz measurements in Denver at 
a large city park with room to make comparisons, using 

two mobile systems. One mobile was the transmit reference. 
The other, parked half a mile away, was the receive site. The 
reference system was a commercial 40-meter antenna with 
a bumper-mounted &foot base section. We tuned it to 
7.2 MHz carefully, using a Bird wattmeter. Once it was 
adjusted for best possible match, we set the forward minus 
reflected power to 50 watts. We put a resonant antenna on 
the receiving end tuned for a perfect match at 7.2 MHz. 
We then inserted a laboratory-grade step attenuator into the 
receive coax line. Next, we set the received reference carrier 
from the commercial antenna for exactly S9, substituted a 
second commercial antenna for the first, and reset the 
receive S-meter to S9. Surprisingly, there was a difference 
of only 112 dB in favor of the second commercial antenna. 

We continued by mounting a homemade antenna (now 
called the SE-40) in place of the commercial reference, and 
tuning it to 7.2 MHz. We measured its radiated signal both 
with and without a 24-inch capacitive hat. Without the hat, 
the signal registered 5 dB greater than the reference. With 
the capacitive hat attached and coil requirements reduced 
by about 40 percent, the signal was 6 dB stronger than 
the reference. With this much more signal radiated, it wasn't 
surprising that its coil ran very cool - barely above ambient. 
We also noted that a 40-percent reduction in coil size (and 
therefore coil loss) increased the signal only an additional 
1 dB. 

This implies that ground losses were now predominant 
in limiting radiation efficiency. We also found that the usa- 
ble bandwidth of the antenna system with the hat was 
significantly greater than without; we investigated this later 
at the lab. 

Tests on 3.8 MHz 

We moved our testing to 3.8 MHz, again setting up a 
commercial antenna to radiate a signal with 50 watts of 
power. We adjusted the received carrier to S9 and recorded 
the attenuator setting. Then we removed the commercial 
antenna and substituted a homebrew antenna (SE-75) with 
10 inches of open-air coil, a 5-foot whip, and 2-foot diameter 
capacitive hat mounted 2 feet above the coil. Its measured 
signal was 4 dB above reference. In this case the hat was 
necessary to resonate a 5-foot whip with the inductance 
available. To resonate without a hat required an &foot whip, 
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which measured 5 dB above reference, but was an imprac- 
tical mechanical choice. As before. the B&W coil ran near 
ambient, while the commercial antenna got quite hot after 
a couple minutes of 50-watt carrier. 

We made all tests using the same base section, appropri- 
ate coil, and accompanying whip. Additional measurements 
were later made with K7AYC and N0EYK to determine the 
effect of increasing base section length. Though it may not 
be completely obvious, you can change the length below 
the coil of the center-loaded antenna without changing its 
resonant frequency significantly. Feed impedance changes 
somewhat, necessitating a modest change in the shunt 
capacitor for a 1:l match, but the length below the coil is 
rather removed from resonance effects. This is because the 
reactance of a short whip is very high, and the large induc- 
tance needed to cancel this reactance predominates. 

We assembled a test setup identical to that used earlier, 
and repeated our measurements. We varied base section 
length in increments of 16 inches with both the commer- 
cia1 antenna and open-air coil SE-40 and SE-75. All 
antennas showed the same 1-dB improvement in radiated 
signal with a 16-inch increase in base length. Compare this 
to switching from a 5-foot whip and hat to an 8-foot whip 
to pick up 1 dB, and it becomes obvious where to add addi- 
tional length. It was only practical to go to a second 16- 
inch extension; the system became unwieldy beyond that 
and would be practical only in a fixed mobilelportable 
environment. One thing became obvious: a 7-112 foot base 
section, 18-inch 75-meter coillinsulator assembly, and 5-foot 
whip with 24-inch capacitive hat looks impressive going 
down the highway! While I've never mobiled using more 
than a 6-foot base section and the aforementioned antenna 
assembly, a typical comment at gas stations is: "What you 
got there, satellite TV?" 

------- 
I 

Swept VSWR measurements 

- - 

1 :  

The next series of measurements we made on our 
antennas was swept VSWR. Because we're in the f~lter busi- 
ness, a tracking generatorlspectrum analyzer is usual 
laboratory equipment. By adding a Mini Circuits directional 
coupler and a length of RG-8, we could run a cable to a 
parked mobile (see Figure 2) and take large amounts of 

1 1  

I RETURN LOSS V S W R  I 
OdB 0: 

6 dB 3 :  1 

lOdB 1 . 9 : l  

l4dB 1.5:J 

20dB 1 . 2 : l  

26dE 1 . l : l  

32dB 1.OS:l 

4OdB 1.02:1 

SPECTRUM - %A MOBILE 
ANAL rzm 

Return loss as a functlon of VSWR. 

HP-1411 

X -  r 

data on antenna bandwidth quickly. We plotted the output 
with an XY recorder for analysis. 

With the test equipment set up to measure return loss, 
we attached a precision 50-ohm termination to the bridge 
output port, and measured a return loss of over 40 dB. An 
open circuit set the infinite VSWR reference line, and 25, 
75, and 100-ohm terminations were attached to verify oper- 
ation. All functioned as expected, so we connected the coax 
from the mobile. We also attached a 50-ohm termination 
on the car end, and measured over 35-dB return loss. We 
then attached the antennas, tuned them, and swept them 
for return loss. 

Since the homemade antenna could be adjusted to 
nearly 1:l by selecting the base shunt capacitor, it could 
always be adjusted for 25 to 30-dB return loss. We set the 
commercial antenna for the best match using its whip length 
tuning. On 40 meters it could be reduced to just a 15-dB 
return loss, or 1.4:l VSWR. The 75-meter match was simi- 
lar; it reached 14-dB return loss, or 1.53 VSWR. Of course 
you could add a capacitor across the coax with the com- 
mercial system, too. When we did this, the best match could 
be brought down to a 25-dB return loss and a VSWR bet- 
ter than 1.2:1, as shown in Figure 3. 

After observing bandwidth plots, we noted that the best 
match at one particular frequency didn't necessarily give 
the widest bandwidth at a specified VSWR limit of, say, 1.7:1. 
If you do a lot of frequency changing, you might want to 

RG-8 
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4 -  SECOND COMMERFIAL ANT 

0 -  SE-75 /40  W/tiAT 

E-  SE-40  W/t iAT 
F- SE-75 /40  

Bandwidth measurements for six antenna configurations. 

tune an antenna for the most power output over a meas- 
ured bandwidth. 8 : 

When tuned for lowest spot frequency VSWR, an SE-75 r i 

system showed a bandwidth of 10 kHz with a 1.7:1 VSWR 
limit. Retuning for a better average match increased this 
1.7:l bandwidth to 15 kHz, though the match at resonance 
was worse. The commercial antenna's 1.7:1 bandwidth 
(without added capacitor) was 7 kHz. 

Adding a capacitive hat on an SE-40 also improved the 
usable bandwidth. There was a typical increase on 40 
meters from 50 kHz to 75 kHz at 1.7:l. By comparison, the 
commercial unit showed about 35-kHz bandwidth. (See 
Figure 4.) 

In 1985, a ham at the Dayton Hamvention" bought one 
of these 40-meter antennas, and he and his friend rushed 
out to the parking lot to compare signals - one with a 
SE-40 and the other a commercial unit. They happened 
to have identical rigs, parked about 100 feet apart. About 
an hour later the gentleman returned to inform me that he 
and his friend had been on the air getting comparative 
reports, and the new antenna definitely was running about 
an S unit stronger. 

Additional measurements 
We took the next step in the measurement process in 

1986 with a field-strength meter. K7AYC and I made meas- 
urements in a remote area of Arapahoe County near Den- 
ver using increments of 114 to 1 mile. With 100 watts of power 
as reference, we calibrated the field-strength meter and 
adjusted it for maximum readings at 114-mile points. We 
recorded test data on both 75 and 160 meters because this 
instrument tuned from 500 kHz to 5 MHz. 

We used ground conductivity charts in the ITT Reference 
Data for Radio Engineers to calculate the theoretical 
groundwave signal for a 1000-watt broadcast station with 
a quarter-wave antenna and 120 quarter-wave radials. Then 
we compared this data with actual measurements made 
on 1600 kHz from a local broadcast station's construction 
permit proof of performance. Its measured signal strength 
in mvlmeter at 1 mile correlated well with theoretical calcu- 
lations for average terrain in Colorado. However, unlike the 

Signal strength as a function of frequency. 

Frequency (kHz) Signal strength (mV1M) 
Theoret~cal 186, 1 mile, 1 kW 
Typical reference-1600 165, good soil 
KRXY-1600 160 
N0SL-1800 110 
160 mobile-1841 31 
Typical reference 3800 112, good soil 
75 mobile-3868 66 

measurements of power and antenna current that a broad- 
cast station makes, field-strength readings are much more 
variable and inaccurate. We weren't looking for 2-percent 
accuracy in field-strength values, but a general idea of what 
level of efficiency was obtainable with an optimized mobile 
antenna. Field-strength measurements vary with the 
weather, the season, and the water table. One local station 
had such difficulty maintaining its pattern that it was forced 
to move its antenna towers farther away from a grove of 
cottonwood trees that ran along a creek. The trees' sap 
content would change periodically and distort the licensed 
pattern out of FCC specifications. So much for antenna 
operation being an exactly predictable science! 

The ITT book also gives data on groundwave field 
strengths for different vertical antennas. A quarter wave 
should give an E-field strength of 186 mVlM over perfectly 
conducting ground for 1 kW of RF. The correction factor 
for power is proportional to the square root of power in kW 
times the 186 mV1M figure. For our 100-watt test level, the 
correction factor is 3.16 times the measured values. 

In the real world, with good soil, a value of 165 mV/M is 
reasonable on the high end of the broadcast band. We also 
obtained test data from the chief engineer of KRXY, which 
is licensed on 1600 kHz in Denver, as well as field-strength 
measurements made by N0SL on a top-loaded 50-foot ver- 
tical on 1.8 MHz. Measurements are summarized in Table 1. 
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Characteristics of low-Q resonator. 

Distance from antenna (meters). (Taken from Radio Electronic 
Transmission Fundamentals, 6. Whitefield Grlfflth, McGraw Hill.) 

SMALL WIRE SIZE. 
CLOSE-SPACED WOUND. 
SMALL-DIAMETER FORM. 
END FITTING AND ANTENNA 
PROTRUDE INTO COlL FIELD. 
POOR DIELECTRIC CONFORMAL 
WEATHER COATING. 

NO MULTI-BAND OPERATION 
(CANNOT TAP COIL). 

I DISTANCE FROM ANTENNA (MILES) 

When you compare E-field values of mobile antennas with 
reference values obtainable over good soil and a full quar- 
ter wave with 120 radials, the figures don't look too bad. 
Referenced to an antenna over a theoretically perfect con- 
ductor, groundwave losses at 2 MHz over good soil are 
about 2 dB, and approximately 8 dB on 4 MHz due to die- 
lectric losses in the soil. When you compare the mobile sig- 
nal levels to a fixed antenna over real ground, the 160-meter 
level is 15 dB down from afull-sized system and the 75-meter 
level is only 5 dB down (see Figure 5). 

This means that groundwave range to a good base sta- 
tion is 100 to 125 miles for the prototype 160-meter coil used 
for these tests, and 200 watts of SSB. Compared with the 
50 to 75-mile range of the 50-watt AM mobile mentioned 
earlier, this is a reasonable range increase. It may be 
interesting to note that it takes a rather elaborate 2-meter 
operation to better those ranges - unless your repeater 
is on a mountaintop. 

Hardware hints 
Here are a few reasons why these lower loss mobile 

antennas perform better than their smaller counterparts. 
Coils need to be air wound with only polystyrene ribs for 
support. Spacing of less than six turns per inch makes the 
coil susceptible to detuning and degradation from mois- 
ture (see Figures 6 and 7). Also, when we tried tighter spac- 
ing coils on 75 meters to allow a larger inductance and the 
option of no capacity hat, we noted spurious resonances 
that fell in the Amateur bands when the coil was tapped 
down for higher frequencies. While our initial coil support 
insulators were made from linen phenolic, its high cost and 
difficult machining problems necessitated a change to 
LexanTM . 

This polycarbonate plastic is stronger, cheaper, and eas- 
ier to machine. I think it looks better, too. The insulator should 
be considerably longer than the coil itself to keep the 
threaded brass inserts out of the coil's immediate field. This 

LARGE WlRE fN0.12). 
SPACED TURNS. 
LARGE DIAMETER f J  INCHES). 
EN0 FITTINGS ARE OUT OF 
MOST OF COlL FIELD. 
NO WEATHER COATING. YET 
NOT RAIN DEGRADED. 

MULTI-BAND OPERATION. 

Antenna High = Q SE-40lSE75 antennas. 

will also keep stainless steel antenna parts out of the field. 
Making frequency adjustment and band changes by short- 
ing out turns with a clip lead may appear to be poor 
engineering, but so far any attempts at having multiple taps 
go to a switch have seriously detuned the coil. 

You could argue that 6 dB isn't too much to give up to 
get the advantage of a small and aesthetically pleasing 
mobile antenna. Most will find that a signal that's an S-unit 
stronger often makes the difference between enjoyable 
mobiling and spending most of the time trying to find some- 
one who can hear you. Add a good RF speech processor 
and a crisp microphone to this, and the difference is star- 
tling. Stations will start calling you! After you've done every- 
thing else, couple in a mobile kilowatt linear, and imagine 
that you're sitting in the passenger seat watching KD0U 
attack a pileup and come out with a contact and a new 
country against base station signals. The challenge is there 
waiting for you. 
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That's right, they are exactly the same. Your technician or higher class 
amateur radio license gives you the right to own and operate your own 

amateur television station. 

It's Easy. ... 
If you can operate a 

video camera, you can 
operate the new AEA Model 
FSTV-430. The FSTV-430 
transceiver connects to the 
video output of your camera 
and transmits and receives 
live or taped video. You can 
even use-two camera 
studio-like'operation 
your shack. 

Fast Scan 
Television with the 
new FSTV-430 
from AEA gives 
you live, color 
television that 
rivals broadcast 
quality. In fact, the 
AEA Vestigial 
Sideband (VSB) 

Inexpensive ... And Fun.... 
The video camera or cam- 

corder you bought is the 
most expensive part of a fast 
scan television system. The 
AEA Model FSTV-430 is 
the only transceiver you 
need. Connect the camera, a 
430 MHz antenna, (an 

Think about it. You can 
share more than just conver- 
sation with your amateur 
friends. Show your friends 
the new transceiver you 
bought, that special antenna 
project you're working on, 
or chew the fat. 

s for amplifier if you want 
from stronger signals) and you're For 

on the air. the F 
more information on 
STV-430 and other 
exiting amateur 
television products, 
please contact 
Advanced 
Electronic 
Applications,lnc. 
P.O.Box C-2 160 
Lynnwood, WA 9803 
206-775-7373 

AEA Retail $490.95 

Amateur Net $439.95 technique is similar 
to that used by 
broadcasters. 



We just struck gold with a miniature, high qual- 
ity and very reliable DTMF decoder at a rock 
bottom price of $59.95. Our DTD-I will decode 
5040, 4 digit codes with the security of wrong 
digit reset. It contains a crystal controlled, single 
chip DTMF decoder that works great in bad sig- 
nal to noise environments and provides latched 
and momentary outputs. Why carry that heavy 
gear when its size is only 1.25 x 2.0 x .4 inches 
and it comes with our etched in stone, legendary, 
one year warranty. 

Instead of sifting through the field.. .search- 
ing, use our super quick one day delivery and 
cash in on a rare find. 
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KEEPING AN EYE 

By John Fielden, GW4 NA H, Penthouse 1, 
Glyn Garth Court, Glyn Garth, Anglesey; LL59 5PB 
U. K. 

S ingle sideband is probably the most widely used 
mode on the Amateur bands today, yet few people 
can measure their peak output power. The quan- 

tity needs to be maximized for best reception at the other 
end, but at the same time limited to the "linear" capability 
of the RF power amplifier. Exceeding this may result in dis- 
tortion, splatter, and license violation. 

A modern SSB receiver's S-meter can "hold" signal 
peaks for comfortable observation, even if it is only of short 
duration. Unfortunately transmitters have no equivalent, and 
the only easy recourse for observing peak output on the 
RF-powerlSWR meters that most of us have is to whistle. 
This is the only noise humans can produce which 
approaches the sine wave with which our meters are 
calibrated. This gives acceptable readings on constant 
power modes (FM, CW, FSK) but is useless and even mis- 
leading on SSB, because our whistle is just not that pure. 

The error is down to the inability of a moving coil meter, 
and indeed our eyes, to follow the rapid transients of the 
voice. The transient voltages are, however, produced 
accurately by the SWR bridge, so the only modification 
required is to lengthen the response of the moving coil 
meter. The add-on module described here performs this 
function simply and accurately. 

Circuit description 
In Figure 1, the resistance of RV1+RV2 replaces the meter 

of an existing VSWR instrument; the voltage developed 
across these presets is fed via RlICl to the noninverting 
input of operational amplifier (op amp) Al. Its output, 
appearing at pin 1, charges C3 via CR2 and R6, with a rise 
time constant of 0.1 second, whereas C3 can discharge 
only through R7 with a decay time constant of 
10 seconds. The voltage across C3 is buffered by voltage 
follower A2 to pin 7 and via CR3 to the moving coil meter 
of the existing VSWR instrument, and also via R5 as 100- 
percent feedback to the inverting input of Al. The total cir- 
cuit has unity gain, causing the output voltage to rise quickly 
and exactly to the peak of an input voltage, but then holds 
the output for a few seconds after the input drops. C2 cre- 

ates a slight phase advance in the feedback loop to pre- 
vent overshoot on rapid transients. The small voltage across 
CRI of approximately 0 to 6 volts is used to balance out 
voltage and current offsets in the op amps via RV3, R3, and 
R4. The LM358 dual op amp was chosen because it can 
operate down to zero output on a single DC supply of 4 
to 25 volts. CR4 protects against supply reversal and C4 
provides a low supply impedance. CR5 and C5 protect the 
meter from overload and RF, respectively. 

Construction 
The module can be constructed from readily available 

components on a small pc board (the commercial version* 
measures 55 x 30 mm), which can be mounted inside an 
existing RF-power1VSWR instrument. It may be fixed there 
with BluTackTM or a bolt, spacer, and nut arrangement, but 
do so only after calibration. Placement is not critical, except 
where the SWR instrument is combined with an antenna 
tuner; in that case the module should be placed away from 
and shielded from the strong RF fields which exist around 
tuner coils, capacitors, and their leads. 

Interconnections 
Undo both leads from the moving coil meter (only from 

the forward power meter if there are two). Check that the 
negative lead is grounded; in most instruments it is, but you 
can find the odd one where the positive lead is grounded, 
and this has consequences when supplying power to the 
module. Now ascertain that the meter resistance falls within 
the range of RVI + RV2, which is 0 to 2200 ohms. All com- 
mercial VSWR meters I have encountered so far do, but 
some homebrew models using meters with 100 pA or less 
full scale deflection do not. In that case, make RV2 10 k. 

Next, connect the former meter leads to the input termi- 
nals of the module and the module's output to the meter, 
carefully preserving polarities. A DPDT switch or PTT 

'The PEP module a available from Techntcal Software. Fron. Upper LLanwrog. Caernarfon, at 
12 pounds, Incl. Vat, P & P The pc board alone can be ordered from the HAM RADIO Bookstore 
for $700 post patd 
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& ASTRON 9 ~ u t r y  
Irvine, CA 9271 8 

C 0 R PORAT I O N  [714) 458-7277 

HEAVY DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE 13.8 VDC 2 0.05 volts 
from excessive current 8 continuous shorted output (Internally Adjustable: 11-15 VDC) 

5',4 X 19 X 8% 
5'14 X 19 X 12'12 
5'14 X 19 X 12l12 

Volt and Amp Meters 

3% x 6% x 9 
4 x 7'1~ x 103h 
4 X 7'!7 X 10% 

4 %  x 8 x 9 



-- 

CR4 
U 
n o+v 

ALL RESISTORS: 1/4W -+5% 
CAPACITORS: CER ... CERAMIC P... POLYESTER + C4 
CRl-CR4 ... lN914/1N4148 CR5 ... lN4OOZ 
IC1 ... LM358 

$ Z c r R o L v i c  

TO METER 

METER 6 3 ~  100nF 
CER 6 3 ~  C3 

CER * R 7  - 1 p F  
R5 1OM fl. 
lOOk 63 V 

P - 
I 

Schematic of the PEP measuring add-In circuit. 

operated relay can be inserted to switch the PEP module 
in and out for SSB and other modes, respectively. Another 
method of reducing the peak holding feature of the module 
is to reduce R7, say by switching a 220-k resistor across it. 

Power, anywhere from 4 to 25 volts DC at little more than 
1 mA, must now be connected. If the negative meter lead 
was found to be grounded, a suitable voltage source, say 
9 or 13.8 volts that is "on" when transmitting, can be found 
on the back of most transceivers. Use a single wire to con- 
nect that voltage, preferably through a 2700-ohm current- 
limiting resistor, to the positive terminal on the module. The 
coax shield will take care of the negative return. 

In the rare case where the positive meter terminal is found 
to be grounded, a floating power supply must be used. In 
either case, three DuracellTM pen light cells would typically 
last nine months if left on continuously, or for years if 
switched on only when used. In all of the following adjust- 
ments, remember that the meter will travel upscale rapidly, 
but settle back slowly. Do wait for the meter to settle before 
reading. 

First, the op amp offsets must be balanced out. For the 
commercial module this was done at the factory and RV3 
was sealed. If you have built your own, or must replace the 
LM358 for any reason, a procedure is suggested below. 
A small positive meter reading with zero input is not an indi- 
cation of an offset error and upscale readings will be cor- 
rect. 

Next, a calibration level must be established. With the 
PEP module out of the circuit, your transmitter in a con- 
stant carrier mode (CW, FM), and your SWR meter between 
the transmitter and a dummy load, pass some RF power 
through the meter. Increase the output to where a stable 
forward power reading (preferably over half scale) is 
obtained. Make careful note of the power reading and do 
not change the transmitter power setting until calibration 
is complete. Now reconnect the PEP module, set RVl and 
RV2 to zero (fully CCW), apply DC power to it, and switch 
the transmitter back on at the power setting previously 
established as calibration level. Advance the "fine" preset 

Capacitors 
C1 1 nF, 63 volts ceramic 
C2,C5 100 nF, 63 volts ceramic 
C3 I#, 63 volts polyester 
C4 47fi, 16 volts DC electrolytic 
Diodes 
CRI-CR4 1N914tlN4148 
CR5 IN4002 
IC1 LM358 
Resistors 
Rl,R2,R5,R6 100 k, 5 percent, 114 watt 
R3, R4 1 meg, 5 percent, 1/4 watt 
R7 10 meg, 5 percent, 114 watt 
RV1 200 ohm Mouser Electronics Part no. 32RH202 
RV2 2 k Mouser Eiectronlcs Part no. 32RH302 
RV3 50 k Mouser Electronics Part no. 32RH405 

RVl. If, with RV1, you can exceed the calibration reading 
previously noted, adjust to this reading. If the meter does 
not rise far enough upscale, set RV1 to about mid-travel and 
slowly advance the "course" preset to the calibration read- 
ing. RV1 will now allow more precise adjustment. 

This calibration makes sure that RVI+RV2 presents the 
same load to the SWR instrument as the moving coil instru- 
ment previously did, so the input voltage to the module is 
unchanged. The module has exactly unity gain, so this volt- 
age is repeated at the output, i.e., across the meter. Con- 
sequently the original meter calibration, nonlinearities and 
all, remains unchanged. On fast peaks, however, such as 
are encountered when speaking on SSB, the module will 
hold a peak long enough for the meter to rise to it and for 
you to check it. 

Results 
The results will probably surprise you. Without the mod- 

ule, normal speech will show peak meter readings of, say 
30 percent of what an oscilloscope would indicate. With the 
module, it's 100 percent. A whistle, without the module, will 
show 80 or 90 percent, not 100 percent. Another interest- 
ing example is produced by tapping the mic with a pencil. 
The unmodified meter will show no reading, but with the 
module, full power will be indicated. Q 
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Ham Radio 
Techniaues 

Bill Orr, W6SAI 

THE LOG PERIODIC 
ANTENNA FAMILY 
Bill Orr, W6SAI 
In 1957, D. E. lsbell and R. H. 
DuHamel published papers on the 
design of log periodic (LP) 
antennas.',* There was a flurry of 
interest among Radio Amateurs, who 
adapted some interesting VHF LP 
antennas from the original design. But 
it wasn't until 1973, when the log peri- 
odic dipole (LPD) array was published 
by I? D. Rhodes,a that this class of 
antenna became practical for HF Ama- 
teur use. 

Now that two new ham bands are 
available at 18 and 24 MHz, interest in 
the log periodic antenna is growing. 
How else can an active Amateur cover 
five bands? (How about a center-fed 
Zepp? - NXlG). The log periodic 
antenna's principal virtue is that it can 
cover a frequency span of 2:1, or more, 
while maintaining good power gain 
and front-to-back ratio over the whole 
range. 

The log periodic dipole beam shown 
in Figure 1 is a popular configuration 
for VHF television antennas. It's also 
used on the VHF/UHF ham bands. 
The pattern is directed toward the 
apex. The bandwidth of operation can 
be roughly defined as the frequencies 
at which the outer dipole elements are 
about one-half wavelength long. The 
element lengths and the relative spac- 
ing 6 are arranged in a geometric 
progression with a taper factor 7: 

The dipoles are fed at their centers 
from a parallel wire transmission line 
transposed in such a way that succes- 
sive dipoles are 180 degrees out of 

A six-element LPD beam. Element spacing 
(6) and element length (X) are determined by 
design factors, the longest element (A) be- 
ing about a half wavelength at the lowest 
operating frequency (11). 

phase. A broadband structure is 
formed, with most of the radiation com- 
ing from those elements which are 
about a half wavelength long at the 
operating frequency. In a ten-element 
log periodic antenna that covers a 2:1 
frequency span; perhaps only four of 
the ten elements are active at a given 
frequency within the operating range 
(see Figure 2). The shorter than reso- 
nance elements tend to act as direc- 
tors and the longer than resonance 
elements as reflectors. The current dis- 
tribution in the structure is such that 
only a "cell" (active region) of elements 
is active on a given frequency. The cell 
of active elements moves back and 
forth along the array as the operatmg 
frequency is changed. The gain and 
bandwidth thus bear a definite relation- 
ship to the length and included angle 
of the structure. The smaller the 

Log periodic active region (cell) encompasses elements a half wave long and a few short- 
er elements. Other elements have small induced currents and are not major contributors 
to the radiated energy. Shortlng strap on longest element improves front-to-back ratio. 
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Increase in boom length and decrease in apex angle (a) mean more elements in a cell 
and increased gain. A greater frequency span also requires a longer boom (8). High gain 
on a short boom (A) restricts frequency span. 

Reproduction of graph showing corrected gain figures for LPD array. Graph is in Antenna 
Engineering Handbook, Johnson and Jasik, First Edition, pages 1428. (Illustration courtesy 
Gary Breed, KSAY, Editor, RF Design magazine.) 

included angle the more elements in power gains from 5.5 to 10.5 dBi (3.36 
a cell, the longer the antenna, and the to 8.36 dBd) are the minimum and 
higher the power gain. (See Figure 3.) maximum gain limits of practical HF 

The HF log periodic 
dipole antenna 

Antenna boom length is of secon- 
dary importance in the VHF region, 
where a high gain, wide bandwidth log 
periodic array can be constructed on 
a boom about one or two wavelengths 
long. But because of the large size of 
the antenna, things begin to get out of 
hand quickly when you consider HF 
operation. 

LPD array gain can be expressed in 
terms of the number of elements in the 
cell, the relative element spacing, and 
the scaling factor used. In general, 

log periodicdesigns. (The larger arrays 
produce the higher gain figures.) 

A re~resentation of LPD antenna 
gain is'expressed in Figure 4, Chap- 
ter 10 of The ARRL Antenna Book.4 
This chart was extracted from an early 
work of Carrel,s which was later found 
to provide inaccurate d~rective gain 
computations.6 My Figure 4 shows a 
corrected graph. 

High gain LPD arrays are defined in 
the relative spacing region of 0.12 to 
0.22 and large values of scaling factor 
(0.98 to 0.92). Unfortunately, these 
figures produce large array sizes that 
are almost impossible to achieve in an 

Amateur HF installation. One look at an 
HF LPD array at a military base quickly 
disproves the idea that a block-buster 
LPD rotary antenna can be placed in 
a typical backyard! 

Practical HF LPD beams 
However, all is not lost if those of us 

who use wideband LPD arrays are 
content to settle for a modest gain fig- 
ure, while still retaining good front-to- 
back ratio and reasonable boom 
length. Ace Collins, KGVV, has 
described three LPD arrays (summa- 
rized in Table 1). These arrays can be 
built on boom lengths that approxi- 
mate a single band Yagi beam.' 

ATN Antennas of Birchip, Australia 
makes two commercial LPD beams 
that cover 13 to 30 MHz.* One design 
is on a 28-foot boom and has eight ele- 
ments; another design covers the 
same range and has six elements on 
a 20-foot boom. The DJ2UT multiband 
antenna, built on a 20-foot boom, is a 
variation of the LPD design that covers 
13 to 30 MHz.** 

The ARRL Antenna Book (pages 
10-5 and 10-6) describes a very small 
LPD design with a 10-foot boom that 
covers 18.06 to 29.7 MHz. It has just 
five elements and (according to the 
graph in Figure 4) provides only 
3.2-dB gain over a dipole. It's doubtful 
that placing this amount of aluminum 
up in the air is worth the unspectacu- 
lar power gain. 

LPD power gain 
You can compute the power gain of 

a LPD antenna from the design for- 
mulas and Figure 4. This figure can be 
expressed in terms of boom length for 
Amateur use in the HF region - much 
in the way it's done for conventional 
Yagi antennas. When compared on a 
band-by-band basis with a Yagi, the 
tradeoff of gain for bandwidth 
becomes apparent. For example, a 
three-element Yagi for 14 MHz pro- 
vides about 6.5-dBd gain and is built 
on a 17-foot boom. At that boom length 
a typical 14 to 30-MHz LPD provides 
3.5-dBd gain. The Yagi wins by 3 dB! 

At 28 MHz, you can build an eight- 
element Yagi on a 45-foot boom which 
will provide nearly 10-dBd gain. An 
equivalent LPD on that boom provides 
only 7-dBd gain. The long Yagi wins by 
3 dB. 

ATN Antennas, 56 Campbell Street. Blrchtp 3486, Australia. 
" Sornrner GMBH, Kandelstrasse 35, 0-7809 Denzl~ngen, 

FR.G. Sornrner Antennas. W4/DJZUT. PO Box 847, Cowpens. 
SC 29330. 
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Three LPY designs by K6VV (QST; November 1988). Shorting strap on longest element is 8" long. Average feedpoint impedance 
is 64 ohms. Design constant (7) = 0.9, spacing constant (6) = 0.05, average gain (from Figure 4) = 4.61 dBd. 

11-element array Selement array 7-element array 
13.5-30 MHz 17.5-30 MHz 20-30 MHz 

Boom = 25 feet Boom = 16 feet Boom = 12 feet 

Element Length Spacing Length Spacing Length Spacing 
number feet feet feet feet feet feet 

1 36.44 3.64 28.94 2.78 24.53 2.45 
2 32.80 3.28 26.05 2.50 22.08 2.21 
3 29.52 2 95 23.44 2.25 19.87 1.99 
4 26.57 2.66 21.10 2.03 17.89 1.79 
5 23.91 2.39 19.00 1.82 16.10 1.61 
6 . 21.52 2.15 17.09 1.64 14.49 1.45 
7 19.37 1.94 15.38 1.48 13.04 
8 17.43 1.74 13.84 1.33 
9 15.69 1.57 12.46 

10 14.12 1.41 
11 72.71 

The LPD array swaps bandwidth for 
power gain at any frequency, when 
compared with a Yagi of equivalent 
boom length. While the power gain 
figures of both types of antennas are 
approximate, the examples shown are 
indicative of the relative gain perfor- 
mance of these interesting antennas. 

The LPD antenna has a couple of 
advantages. First, it allows a solid-state 
transmitter to operate efficiently over a 
wide frequency range without an 
antenna tuner. Second, it maintains its 
front-to-back characteristics over the 
complete operating range - some- 
thing many Yagi designs can't do. 

Is the tradeoff of power gain for 
bandwidth worth it? You'll have to 
answer that question yourself. 

The log periodic Yagi 
(LPY) array 

Peter Rhodes, K4EWG, and J. R. 
Painter, W4BBF1 have described an 
interesting hybrid antenna.8 It's 
designed for single band use, and 
combines an LPD cell with parasitic 
elements. The designers claim this 
conf~guration achieves higher gain and 
greater directivity over a single Ama- 
teur band than either an LPD or a Yagi 
array alone (see Figure 5). Best of all, 
these attributes are achieved with a 
boom comparable in length to that of 
a small Yagi. They claim a gain figure 
of 11.5 dBd for a 14-MHz LPY with a 
boom length of 26.5 feet. A four- 
element Yagi on the same boom would 
provide about 7.3-dBd gain. This gives 
an apparent signal advantage of about 
4 dB for the LPY array over the Yagi. 
It sounds almost too good to be true! 

-- 

The log periodic cell in the 
KQEWGlW4BBP LPY is designed for a 
single Amateur band, rather than a 
wide range of frequencies. A three- 
element log periodic cell provides a 
power gain of about 3 to 4 dBd over 
the design range. According to Leo 
Johnson, W3EB, adding a single 
reflector and a director provides 
another 4.5 dB.9 If the gain figures are 
added, the resulting overall gain for the 
array is about 8.5 dBd. A second direc- 
tor boosts the gain an additional 1.5 dB, 
for a grand total of 10 dBd. 

This agrees roughly with the gain fig- 

- - - - 

ure proposed by K4EWB. Personally, 
I can't verify the gain of an LPY 
antenna. I know of no computer pro- 
gram that considers this antenna type 
and I'II reserve my judgment until 
somebody comes up with one. (I look 
forward to hearing from a programmer 
who can combine the virtues of the 
Yagi with the LP cell in one program 
and arrive at meaningful results.) 

I must admit the LPY concept is 
tempting. I know that Burt, KV4AD, has 
a W3EB-type LPY beam on 12 meters, 
and I have heard his rock-crushing sig- 
nal. Photo A shows a seven-element 
10 to 30 MHz LP4 antenna. Perhaps 
I'II build one of these antennas and try 
it out on 10 meters. There's no substi- 
tute for experience! 
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A two band Yagi for 
18/24 MHz 

Brad Butcher, WSWPV, designed 
and built a two-band, interlaced, three- 
element array for 18 and 24 MHz. It's 
shown in Figure 6. The beams are built 
on an 18-foot boom and fed with sep- 
arate gamma matches and coax lines. 
The SWR on each band is about 1.1:1; 
the front-to-back ratio on either band 
is better than 20 dB. You make your 
band selection at the operating posi- 
tion with a coax switch. This array, plus 
a conventional tribander, can provide 
coverage of the five popular HF bands 
with a minimum of fuss. 

Did I hear someone ask about stack- 

G I  

The log periodic Yagi design of K4EWG and ing this beam over a tribander on one 
W48BP. Parasitic reflector and director(s) towe0 If I were to do this, I'd want at 
boost gain of LPY cell and improve front-to- least 6 feet - and preferably 10 - 
back ratio. between the antennas. Maybe some- 

IFFED - 

U 
LPOCELL 

R - (1 = 0085 TO 0.1 A 
h - o  = 0 1 5 1  
r = 0 947 
u = 0.05 



18 BOOM -4 

Dual Band (17112 meter) beam of WSWPV. See August column for gamma match data. 
17-meter gamma approximately 2'6" long. 12-meter gamma approximately 2'0" long. 

of 1.25-ohm resistors would also do 
the job. 

The April quiz dealing with coax 
lines was quickly solved by WSBTI, 
WB4HXE, W5DS, KC2KB, N3GDE. 
W2RJW, W4EIN, K7FC, W7FSP, 
KJGGR, VE4KZ, WBGBYU, and WX4D. 
They knew that the impedance 
between the shields was zero. Replies 
are still coming in. I'll try to list them in 
my next column. 

Thanks to all and 73! 5 
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Seven-element LPY beam on 30-toot boom covers 10 to 30 MHz. Six-element cell plus direc- 
tor provides good gain and FIB ratio. Longest element is 42'9"; shortest element is 12'6". 
Director is 13'6-112". (Type KLM-10-30-7LP.) 

one will try a stacking experiment to I appreciate your comments and regret 
see how it works out! that I don't have the time to write and 

The Dead Band Quiz 
thank you all individually. I also 
appreciate your suggestions for future 

What with all the ionos~heric fade- t o~ i cs  in this column! 
outs, solar storms, and summer lull in  he March quiz (the "black box") 
DX, there should have been plenty of has several solutions. The simplest is 
time to solve the latest quizes. Many a "star" of five 0.5-ohm resistors. Jack 
thanks to those who have written to me. Cleary, N2JHS, and Curt Anderson, 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rad~o France 
SM Electron~c 
20 bls. Ave des Clarlons 
F-89000 Auxerre 
France 

Ham Radlo Canada 
C A R F  
P 0 Box 356 
K~ngston. ON 
Canada K7L 4W2 
Pr~ces In Canadlan funds 
1 yr $38 00. 2 yrs $67 00 
3 yrs $90 DO 

Ham Radlo Japan 
Katsum~ Eleclronlc Co . Lld 
27-5 lkegaml 
4 Chome. Ota-Ku 
Tokyo 146. Japan 
Telephone (03) 753-2405 

Ham Radlo England 
c/o R S G B 

Lambda House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
England 

Ham Radio/September 1989 23 



NYE Takes the fear out of full power antenna tuners, 
and the guesswork out of PEP measurement 
with these two MUST SEE PRODUCTS!! 

M B-V-A RFM-003 

Discover this durably built, feature packed MB-V-A Antenna Get correct easy to read measurements of PEP for SSB, 
tuner. You'll find operating conveniences that make antenna AM,and Pulse along with full timecompletely automatic 
tuning a snap and value engineered to do the job over wide SWR display with this unique Power Monitor System. 
operating ranges. Compare quality, features and the NYE Two models to choose from: The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY. indication and The RFM-005 for 5KW. 

CHECK THE FEATURES: 
PI Network. Low Pass PI Network tunlng 1 8-30 MHz Heavy duty sllver plated 
contlnuo~rsly varlable tnductor w ~ t h  25 1 vernler dlal 7000 volt varlahte 
capacitor and 10 OOOv sw~tch selected f~xed capacitors on output slde Tunes 
40-2000 ohms loads Good Harmon~c suppress~ont 

Automatic SWR. Hands free metering of SWR No reset or cal~brat~on needed 
Separate power meter-300 or 3000 w I s  automatically swltched Easy to 
read 2 5" recessed and back-lighted taut band meters 

Antenna Switch. PUSH-BUTTON antenna switching to 141 antennas 12 coax. 
stngle wlre and twln leadl Coax bypassed on flrst coax output We designed 
thls swltch to take the power Rated at IOKV and 20 amps 

3 KW Balun. Trifler wound triple core torroid gives balanced output to twln 
feeder from 200 to 1000 ohms and unbalanced output down to 20 ohms 

Maxlmum Pmvm Transfer. Match your transmitter output impedence to almost 
ally antenna system for rnaxtmum power transfer Ampliflersonly run at their 
designed CJ when properly matched 

Model Optims. ME-IV-A1 Includes all ME-V-A features less antenna sw~tch and 
balun MB-IV-A2 1s ldentlcal lo ME-IV-A1 wlth the addlt~on of a t r l p l ~  core 
balun 

18 MHz will not tune on some antennas 

(3) Modes - Peak Average and Peak and Hold wlth a unique non-drift Sample& 
r Hold Analog memory clrcu~t 

121 Ranges - Automatically swltched power scales to 5 KW 

Fully Automatic SWR - Full time meter displays ratios directly without drlft 

Built-in ALO - Protecl your ampl~fier tube investment with thls fast acting 
lockout 

Remole Cwplws - Six feet rernotes the interchangeable calibrated couplers 

True RMS Conversion - H.F couplers use forward biased full wave detection 

Rugged Construction - Heavy gauge aluminum constrllcllon Top qualltv glass 
epoxy PCB Thls meter IS built to last 

Accuracy - Guaranteed to 5'0 F S 

Warranty - TWO FULL YEARS 

Added Features - Switchable reverse power all mode metering - Full status 
LED Display - Adjustable ALO IS switchable SWRIREFL power - Heavy 
duty Nicad batteries charged by the applied RF for the field and a charger 
is supplled for fast charglng and backltght~ng of the taut band meters for the 
ham shack. 

OTHER NYE VIKING PRODUCTS 
Phone Patches - Electronic and Memory Keyers - Squeeze Keys - Straight Keys - Code 

Practice Sets - SWR Wattmeter for the blind - Low Pass Filters - All Band Antennas and more. . . 
ASK FOR A FREE FULL LINE CATALOG. 

Amateur Electronic Supply C-Cornm 
Ham Radio Outlet Ross Distributing 
Henry Radio Quement Electronics 
Madison Electronics LaCue Communications 
FGF Ham Station 
R & i  Electronics 
ti enterprises In Europe: Kneisner & Doering, 

Barn, Electronics Braunschweig, W - G e r m a n y  

Wm. M. Nye Co. Inc. 
1614 130th Ave. N.E. 
Bellevue, WA 98005 
TEL: (206) 454-4524 
FAX: (206) 453-5704 
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PRmECT YOUR 
AMATEUR STATION 
FROM LIGHTNING 

By Richard Little, K YSL, Cellular Systems Group, 
Motorola, Inc., 1501 West Shure Drive, Arlington 
Heights, Illinois 60004 

ore lightning damage occurs to electronic equip- 
ment than is generally realized, because much 
of it is manifested in ~ost-stress failures weeks or 

months after the damaging surge. Even if you have light- 
ning insurance, these kinds of failures are rarely covered, 
nor is the lost time and aggravation. Surge damage is real, 
but it doesn't need to happen. 

Most books and articles on the subject of lightning pro- 
tection recommend extensive arbitrary cross bonding of 
grounds - often in ways that increase the flow of surge 
current through the equipment. I take exception to these 
practices. Thorough study of the problem as it relates to 
Amateur Radio shows that: 

Most Amateurs cannot afford the kind of installation that 
would permit them to operate safely with outside 
antennas during a thunderstorm. 
It is practical to ground an Amateur station in a way that 
can completely eliminate direct surging of the equipment 
while the shack is shut down. 
The techniques for eliminating surges during shutdown 
are consistent with providing at least modest protection 
if the operator is caught unaware of an impending storm. 
I'd like to share some information on an improved method 

of lightning control that can eliminate damage while your 
station is shut down and provide some degree of protec- 
tion if lightning strikes when you're operating. 

Do you carry lightning insurance on your ham equip- 
ment? Does it cover the decrease In reliability that so often 
follows a lightning strike? It would be better if your equip- 
ment never receives this kind of exposure. But short of pack- 
ing the equipment back in its shipping containers every time 
you leave the shack, what are your alternatives? 

When the static charge at the base of a cloud builds up 
to around a hundred million volts, it can jump ("step" is a 
better word) 150 feet or so as a small arc toward a pocket 
of opposite charge in the surrounding atmosphere. Within 
about 50 ps it may step again and again, extending the 

small arc farther and farther along the previously ionized 
trail. If such an arc ultimately establishes itself to something 
on the ground, a massive surge of current will rush through 
the ionized path to neutralize the charge. The extremely high 
voltage forces the surge of current to rise to a peak value 
of 10 to 100 kA in 0.1 to 10 ps. It then decays to half crest 
in 20 to 200 ps. Most strokes consist of several of these 
surges, each neutralizing more and more of the cloud, but 
the first one is the largest and the one that usually damages 
electronic equipment. The fast leading edge (20 kA/@ typi- 
cal, with 1 percent exceeding 100 kAIps) can result in the 
top of a tower momentarily "jumping" a million volts with 
respect to ~ts base. This is why lightning has no problem 
jumping across switch contacts and guy wire insulators, or 
even right through the wall of a house from an ungrounded 
exterior coax. 

What kinds of protection? 
Personal safety is your first concern. This means tying 

all grounded objects together to prevent side flashing 
between them, and perhaps augmenting the ground. Sec- 
ondly, Amateur antennas expose our homes to more and 
larger surges so you may wish to add some protection to 
your more expensive non-Amateur equipment like stereos, 
TVs and VCRs, and home computers. You can provide 
excellent shutdown protection for your Amateur equipment 
and perhaps, depending on your pocketbook, some toler- 
ance should you not shut down In time. 

For safety of people! 
I'm often asked if the antenna grounding should be kept 

separate from the house ground. Absolutely not! I strongly 
encourage integrating everything into a common 
ground. I don't think any lightning professional would dis- 
agree. The same reasoning is behind universal building 
codes which tie electrical ground, phone line protector 
ground, water pipes, and TV cable together. While bond- 
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modem, acqu~re a secondary phone line pro'tector and 
ground it directly to that strip with a short bonding strap. 

1 ONE ENSEMBLE 1 

Shutdown protection: surge isolation 
For simple shutdown protection, pick a central point 

where it's convenient to bond all of the shack ground items 
listed - including all the antenna coax braids - and call 
that point "shack ground." If you arrange these connec- 
tions into a neat, small, "ground window" (see Figure I),  
you will also have a degree of surge attenuation. In any 
case, the antennas, rotor, and other equipment each bear 
separate consideration. 
Equipment grounds 

You can organize your shack into one or more equipment 
ensembles, each having just one connection to shack 
ground in addition to antenna(s) and power cord(s). 
Figure 2 shows an example of a grouping with one con- 

1 1 nection to the shack ground. Most of you will prefer a sin- 
gle ensemble in which all of the equipment grounds are 

Installation showing the station (ensemble) in a shutdown condi- to a steel desk or a bar,t9 or otherwise cross 
tion. All grounds are located at a small ground window. 

bonded to one another and then grounded to shack 
ing them together may increase electrical surging in the ground a Of course, a tuner being 
house should the antenna get hit, it also makes the surge treated as as depicted in Figure 3, must not be 
path more predictable. Everything moves (electrically) more in conductive contact with any of the equipment of an 
Or less proving safer people as well as your ensemble (except via common shack ground when shut 
equipment. This ground should include: down, or coax when not shut down). 

Outs~de ground, made up of: Connections between different ensembles are not per- 
1. Tower ground (including guy anchors) mitted. If a power supply, a speaker, a microphone con- 
2. Radials sole, a keyer, or a computer interface connects to more than 
3. Ground stakes (several recommended) one transceiver, they must all be part of the same ensem- 
4. Step voltage protection (if used) ble. One word of caution: A more elaborate ensemble tends 

Chain link fence (if within 20 feet of other grounds) to be less surge tolerant, Each ensemble may incorporate 
6. Rain gutters its own multiple outlet power strip, which simplifies shut 
7. Well casing down. 
8. Connections to inside ground (at least two Antenna grounding and switching 

recommended) Bond the shields of all antenna coaxes to shack ground. 
Inside ground, made up of: A properly grounded coaxial switch will work. Including the '. Water pipes, power ground, cable TV feed and antenna switches and/or the tuner as part of the antennas 

phone line protector. flhese should already be ink- (as shown in Figure 3) minimizes the number of discon- 
grated, but ~f not, DO IT! Cross bond if in doubt!) 

2. Duct work 
3. Structural (like basement I beams) t 1 

4. Shack ground, including: 
a. connections to outside ground 
b. coaxes where they enter the shack 
c. open wire feedline shorting switch (if required) 
d. grounds of each of the power outlets feeding 

the equipment 
e. rotor control box (otherwise provide with a 

three-wire cord) 
f. all equipment that is provided with ground lugs 
g. equipment desk (if metal) 

I'll discuss the shack ground in more detail later. 

Protecting non-Amateur equipment 
Use three-way surge-protected power strips for any 

expensive electronic equipment; those strips housed in 
metal cases are more convenient for making auxiliary 
ground connections. Plug the N, VCR, and all video acces- 
sories into a common strip and ground the braid of the coax 
feed to that strip using a short bonding strap. For a home 

I I 
TRANSCEIVER AUTO- 

I I 

An ensemble uslng only one connectlon to the ground window. 
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ANTENNA COAXES 
UDDER 

/ ONE ENSEMBLE 1 

Antenna tuner is treated like an antenna and must be isolated from 
the rest of the ensemble, except for the common ground. 

nects required during shutdown. This also cuts down on 
HF "RF in the shack," particularly if the antenna isn't truly 
balanced or isolated by a feedline choke. 

Tuners, built in transceivers, and autotuners are treated 
as part of an ensemble, as shown in Figure 2. In these 
cases, if any of your antennas are not well balanced or iso- 
lated, reduce RF in the shack by defining the shack ground 
as close as practical behind the ensemble to minimize the 
length of the single wire between the ensemble (preferably 
the tuner) and shack ground. Counterpoise wires must 
attach to shack ground, not directly to the ensemble. 

Make sure antenna switches are the grounding type and 
able to ground all antennas at shutdown. Use a DPDT knife 
switch to disconnect and ground a ladder line if you use 
one. A remote coax switch that uses a separate control 
cable is best treated as a "rotor controller." Those switches 
using the coax for control and power are best treated as 
"equipment," thus the antenna coax will be disconnected 
and its center conductor grounded during shut down. 
Rotor controller 

The rotor can't avoid surging; neither can the controller, 
unless the rotor cable is disconnected and all its wires are 
grounded at shut down. Short of that, the rotor and its con- 
troller have an intrinsic degree of surge tolerance that the 
following procedure neither helps nor harms. You can 
modify them to improve this tolerance, but these modifica- 
tions are beyond the scope of this article. However, to pro- 
tect the rest of your equipment, and for your own safety: 

If it has a two-wire power cord, ground the controller to 
shack ground and pull the plug when you shut down. 
If it has a three-wire power cord, surge protect your 
grounded outlet box, and leave the rotor controller 
plugged in at all times. 

Shutdown performance 
This is a rudimentary ground scheme; it provides excel- 

lent surge isolation when shut down, but only modest surge 
attenuation otherwise. To shut down: 

Unscrew the antenna coaxes where they enter each 
equipment ensemble. Switches are unacceptable for this 
purpose. 
Pull the power plugs that feed each equipment ensem- 
ble from the shack-grounded outlet box. Again, switches 
are unacceptable. 
Ground the antennas, including all the center conductors. 
Disconnect the phone line from a phone patch or from 
a computer/modem that's part of an ensemble. 

Check your work! There should now be but one ground 
path from each ensemble to shack ground. 

Improving surge attenuation 
Few of us can afford the full surge protection that would 

permit us to operate with impunity during any storm. Surge 
damage to equipment can occur in the following ways: 

Coax differential voltage. The surge generates a differ- 
ence in potential between the sheath and center con- 
ductor. This can damage a receiver, a transmitter, or 
just the coax. 

Coax chassis surging. The sheath "whiplashes" the 
entire rig with respect to its other external connec- 
tions like keyers, computer interfaces, phone patches, 
shared speakers, and microphone consoles, damag- 
ing the interfacing circuitry in either the rig or a 
peripheral, or both. 

Coax chassis ground surging. The surge enters via the 
coax and leaves via either power or ground, caus- 
ing destructive internal voltages in the equipment. 

Power surging. A surge injected by an antenna stroke 
generates a large electric transient between AC hot, 
AC common, andlor the power panel ground. The 
three-way protector minimizes this. 

Telephone line surging. A surge injected by an antenna 
stroke generates large voltage spikes on the equip- 
ment with respect to the telephone lines. A secon- 
dary phone line protector minimizes this. 

The damage may be apparent immediately, or randomly 
after the fact. It could show up hours, days, or months later. 
Often a "zapped" rig exhibits poor reliability forever after. 

For surge attentuation, the first prerequisite is three-way 
surge protection on the AC outlet boxes, secondary tele- 
phone line protectors grounded at those outlet boxes, and 
coax arresters between the antennas and the equipment 
ensembles. After that, the protection depends upon: 

The magnitude of the stroke. 
How well shack ground is developed into a small ground 
window - including the lengths of the coax sheath 
bonds and the AC outlet box bond. Short is important! 
Fat (wide) also helps. This is because lightning 
propagates like RF - on the surface of a conductor more 
than within the conductor, i.e., skin effect. 
The quality of the outside ground. 
How well the coax sheaths are grounded at the tower 
base, thus diverting sheath surge current into outside 
ground. 
The surge tolerance of the specific radio equipment. 

The inside ground 
Figure 1 shows how I have developed a small ground 

window at a point directly behind my operating desk. Com- 
mercial installations often provide a heavy copper plate for 
mounting the surge-protected power panel, the phone line 
protectors, and the coax terminatorslarresters. A very low 
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All Hitachl scopes include probes, schematics 
and Hitachi's 3 year guaranty on parts and 
labor. Many accessories available for all 
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Setting priorities 
Your first priority is people protection. This means using 

1 * AUGER GUY ANCHOR 

10 GA WIRE 

318' COPPER TUBING 

SOLDER 

s 

Layout of a "good" outdoor grounding system. 

inductance between these items and careful ensemble iso- 
lation (except at the window) are essential for good surge 
attenuation. 

I've also cross bonded my water pipes, gas pipe, con- 
duit, boiler, and water heater extensively, using heavy braid 
(sheath from scraps of RG8lU) and stainless hose clamps, 
which may help reduce intermodulation N I .  The conduit 
that feeds the shack has braid jumpers across all of its joints 
and to the power panel. 
Outside ground 

In commercial work we use no. 2 gauge wire (no strands 
smaller than no. 17 gauge) for any conductor that must 
carry full strike current without vaporizing, and no. 6 gauge 
for miscellaneous grounds like rain gutters and chain link 
fence. At home I use 318" copper tubing between the tower 
legs and each of three ground stakes, between the stakes, 
and to inside ground (see Figure 4). 1 flatten the ends and 
either drill for bolts, or wrap around a stake and drill, bolt, 
and solder as in Figure 4. My stakes are 8 feet long, 
10 feet apart, and at least 6 feet from the house. They are 
driven so the tops are a foot below grade; the tubing is also 
about a foot deep. In addition, my guy anchors, well cas- 
ing, and power ground augment my shack ground. 

Experts recommend you put a no. 2 gauge perimeter 
wire around the house below the frost line several feet from 
the house, with ground stakes at the corners. This is primar- 
ily to equalize the slab step voltage, but it also augments 
outside ground. Without this wire around the foundation, 
any equipment (including insulated cables or a steel desk) 
within several inches of the slab may side flash to it. Use 
a wood desk on a slab and keep the cables off the floor! 

Experts also bury a grid of no. 6 gauge wires below 
places where people might walk during a storm. Without 
this grid, a stroke could produce a "step voltage" gradient 
in the ground such that the surge current would prefer to 
take a path through a body - from one foot to the other. 
Unless you have a fully developed outside ground, stay 
away from it during storms! 

increased grounding and taking care to ensure a good, 
well-integrated ground system. Next, you'll want to provide 
surge protection on the AC power lines of your expensive 
electric equipment so you needn't suffer the aggravation 
that follows surge damage. You'll want to hook up your Ama- 
teur gear in such a way that it's immune from surging if 
properly shut down. You may wish to provide a degree of 
surge attenuation for your radio equipment in case you are 
caught unaware of an approaching storm. This, in large 
measure, will depend on circumstance and, perhaps, your 
pocketbook. You can obtain the most protection for your 
money by adding a small ground window in your shack, 
combined with a modest outside ground. Thereafter, aug- 
menting the outside ground will add still more improvement. 

I hope the information I've presented here starts you off 
in the right direction. Check the bibliography at the end of 
the article for valuable source material. 

BIBLIOGRAPHY 
1 FCC Part 68. "Connecting to the Telephone Network:' 
2. IEEE Standards 587-1980. "Surge Voltages In AC Power Clrcu~ts" 
3 Eleclrrcal Profeclron Gurde lor Land-based Radro Facrlrles. Davfd Bodle. Joslyn Electronz SF- 
tems. Santa Barbara Research Park. PO Box 817, Goleta. Callforn~a 93017. March 1976. $3M) 
4. Fundamental Cons~deralrons 01 Lrghtnrng Proleclmn. Groundmg. Bondrng, andShiwldrng. FAA. 
Wash~ngton. DC, July 28. 1978. 
5 Surge Proleclron Test Handbook. Techn~cal Stan ol KeyTek Instrument Corp . I2  Cambridge 
Street. Burtlngton. Massachusens 01830. 1982 
6 The Grounds lor L~ghlnrng and EMP Proleclron, Roger R Block. Polyphaser Corporat~on. 
1425 lndustr~al Way. Gardnerv~lle. Nwada 89410-1237. 1987 (Ava~lable from the HAM RADIO 
Bookstore for $1995 plus $3 75 sh~pp~ng and handl~ng ) 

ceiver, you can easily transmit and receive live action 
color and sound video just like broadcast N. Use 
any home N camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on the air ... it's that easy! 
TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0 
o; 426.25 idHz & properly matcnes M~rage D15, 024, 
D l  00 amps for 15.50, or 70 watts. Hot GaAsfet downcon- 
verter varicap tunes whole 420-450 MHz band to your TV 

f l  176 
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Finding the source of 
compu ter-generated 
interference 
Using a computer system near an 
Amateur Radio receiver (operating a 
packet radio station, for example) is 
likely to cause receiver interference. To 
pinpoint the source of the interference, 
go through this quick check list while 
listening to the noise in the receiver: 
1. Disk drive: Does the noise appear 

only when the disk drive is trans- 
ferring data? Does the noise disap- 
pear when the drive is turned off? 
Does the noise change in intensity 
when you move the drive cables? 

2. Monitor: Does the noise stop when 
the monitor is turned OW, Does the 
noise stop if you move the cables? 

3. Printer: Does the interference 
occur onlv when the minter is run- 
njng a pri;lt job, and stop when the 
printer is turned OW, 

4. TNC: Does disconnecting the 
audio cable solve the problem? 
Does turning off the TNC solve it? 

5. Computer: Does turning off only 
the computer remove the interfer- 
ence? 

If this procedure fails to find your cul- 
prit, tune a portable AM radio to an 
unused portion of the band and use 
it to sniff out the source of the problem. 
You'll probably be surprised at the var- 
iety of different computer-generated 
noises the receiver picks up. Concen- 
trate on the type of noise affecting your 
radio receiver and ignore the rest, 
since it's not impairing your reception. 
Move the AM receiver near cables, 
power cords, and disk drives to find out 
where the noise originates. 

I used this technique and found that 
my interference problem occurred only 
when my Commodore 64 was on. The 
interference was in the form of RF com- 
ing from the computer itself. I wrapped 
a piece of brass window screen and 
cardboard insulation around the 
motherboard and soldered the screen 
to a ground connection. This solved 
the problem completely and took only 
about an hour to do. 

Dean F. Poeth II, K8TM 

HOMEBREW 
DIPLEXER 
There are now several good dual band 
(1441430 MHz) antennas available. 
Unfortunately, many of the dual band 
rigs have separate antenna input 
sockets for each band. How do you 
cope with the problem of getting one 
plug into two sockets? The answer is 
a simple bit of circuitry called a 
di~lexer. This device sorts out the vari- 
ous frequencies and routes them to 
the appropriate rig. They are available 
commercially at a rather high price. 
But those that I have measured, while 
safe to use, don't show up too well on 
separation and also tend to have an 
unacceptable loss when placed in 
circuit. 

The circuit 
The circuit of a homemade diplexer, 

which is well within the construction 
capabilities of the newcomer to 
homebrewing, is shown in Figure 1. It 

consists of three coaxial sockets and 
four series-resonant circuits. I hope 
you'll remember that a series-resonant 
circu~t has a very low impedance at 
resonance and a high impedance off 
resonance. How does the circuit work? 

Consider a 144-MHz (2 meter) sig- 
nal coming in on the antenna socket 
SK2. The tuned circuit L2/C2 is reso- 
nant at 144 MHz and, having a low 
impedance, passes the signal to the 
2-meter output SKI. The tuned circuit 
L3lC3, being resonant at 433 MHz, 
exhibits a high impedance at 2 meters 
and so stops the 144-MHz signal from 
reaching the 70-cm output socket SK3. 
On 433 MHz the opposite action takes 
place. 

More protection 
The action already described will do 

a fair job, but it can be improved upon. 

Capacltors 
Trlmmers 
C1,3 5 pF 
C2,4 15 pF 

inductors 
Alr spaced, sen-supporting 
L1,3 3 turns 22 a.w.g., 6 mm 

dlameter, 12.6 mm long 
L2,4 5 turns 22 a.w.g., 6 mm 

diameter, 20 mm long 
Miscellaneous 

Sockets, BNC, N, etc., as required 
(3 off); dle-cast box; nuts, bolts, 
washers, and solder tags. 

SK2 
ANTENNA 

Clrcuit diagram of the 144 MHr1430 MHz dlplexer. 
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The tuned circuit LlIC1, which is con- 
nected from the 2-meter output to 
earth, IS series resonant at 433 MHz 
and so any signal at that frequency 
which manages to find its way through 
L2/C2 is shorted to earth. As it has a 
h~gh impedance off resonance. LlIC1 
has no effect on the 144-MHz signals. 
The tuned circuit L4lC4 is series reso- 
nant at 144 MHz and removes any 
leakage which reaches the 70-cm out- 
put socket at that frequency. 

Specification 
How well does the circuit do its job? 

The' insertion or through loss was 
measured at less than 0.1 dB on 
144 MHz, and was slightly higher at 
0.17 dB on 433 MHz. When you con- 
sider that you need a loss of 3 dB to 
lose one S point of signal strength, 
these losses can be disregarded. The 
blocking of 144 MHz at the 70-cm out- 
put, and of 433 MHz at the 2-meter 
output, was greater than 60 dB. This 
means there's an unwanted output of 
1 pW for every watt of power applied. 
wh~ch is more than satisfactory. 

Construction 
The unit can be built in a small die- 

cast box; a suitable layout is shown in 
Figure 2. The trimmer capacitor types 

required will depend on the 
transmitter powers to be used. 
Ceramic piston and compression 
types are suitable for low powers; for 
higher powers air-spaced trimmers 
(e.g., Jackson C804 series) will be 
necessary Ed. 

I 1 Tun~ng the unit is s~mple. First con- 

EARTH MOUNTING LUGS I nect the rigs to the correct output 
MUST BE TIGHTLY BOLTED DOWN sockets. DO NOT TRANSMIT until all 

the follow~ng steps are completed. 
Tune the 144-MHz rig to a strong sig- 

nal and adjust C2 for the highest 
S-meter reading. Tune the 433-MHz rig 
to a strong signal and adjust C3 for the 
best S-meter reading. 

Now connect the 144-MHz rig to the 
70-cm output on the diplexer and the 
433-MHz rig to the 2-meter output. 
Tune to a strong 144-MHz signal and 
adjust C4 for minimum S meter read- 
ing. Tune to a strong 433-MHz signal 
and adjust C1 for minimum S-meter 
reading. For safety, run through all the 
above steps a second time, then 

A layout suitable for operation at fairly low reconnect the rigs to the correct out- 
powers. puts and the job IS completed. 

Glen Ross, G8MWR 
Reprinted w~th permlsslon from 

Practtcal Wireless, PW Publishing 
Ltd.. October 1988. Ed. 

MODEL 
SG-100F 

MADE IN 5429.95 
USA 1-1 delivarsd 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps w~th  thumbwheel dial 
Accuracy + /- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to I00 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ t/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARDLABS 
19623 Jamalca Ave.. Hollls. NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 

New Handsome Custom Albums To Collect, Protect & Oqanize Your Hard-Earned 
QSL Cards.. .Plus Special Albums for DXCC, WAS1 WAC, & WAZ Radio Awards 

Throw out Ihe shoe boxes Get your OSLs orqanlzed wllh Ih? FREE BONUS WITH TWO OR MORE ALBUMS! 

new klmulh Awards OSL Library The perfect way to display 
the Cards tor your prest~glous awards-lor easy vlewlnq SoHware tnr Ihe IRM-PC ISL'4 0 5 v a l u ~ 1  
Each padded vlnyl album comes complete wllh 20 heavy duly Free' l x c l u s ~ v e  n r w  proqrdm h ~ l p s  you 
crystal-clear. sllp-ln pocketed vinyl pages (each holds 6 slay on lop 01 conlacts by bdnd cards 
cards) sen1 and rece~ved and much. much 
Now available lor the most presllgious awards In amateur more to monltor your fadlo award prouf- 
rad~o order all and organize your cards tor each award 

DX Century Club Worked All Zones. Worked Al l  States 8 klmuth OSL Awards Library-Each lust S19 95 plus $2 50 
Conllnents . 8 a general OSL Album lor any purpose1 sh~pplng 8 handllng 
Looks great In your shack' Need more pages? Order extra SpeclfY 11 DXCC 2) W.42 3) WAS'WAC 4)  Standard Album 

pages (20 pack) Extra 20 Page Packs Just $12 95 ($2 50 SBH) 
Sallstactron Guaranteed' II not completely delighted return Enclose check or money order (Cal Res add 6 5% tax.) 
your purchase ~n 10 days lor a money-back refund VISA or MaslerCard. (Fore~gn orders trrple SBH) 

Call or Send For Your Azimuth Credit Card Orders Call Today Toll Free 
asL Award Library Today! a 01 ~ ~ ~ i ~ ~ ~ i d ~  1-800-882-7388 
SEN0 TO: Azimuth Awards L~brary. Dept. HR9A (9AM IIJ t1PM \",I I M , l , ,  
11845 W. Olyrnplc BI . Sulte 1100. Los Angeles. CA 90064 AIIOW 4 to 6 Weeks 01.11vl~rv III USA - 
1-213-473-1332 tor Information 

f l  175 t MCMLXXXIX ~\llrnulh Lc,n~nionmraltonr Corporalton = 



ANTENNA DESIGNS 
Simple antennas 
provide exceptional 
performance 

By Everett Brown, K4 EE 6710 Highway 329, 
Crestwood, Kentucky 40014 

y interest in long wires was sharpened in the mid- 
1970s when I acquired my first solid-state trans- 
ceiver that reauired no tuneu~. It seemed to me 

that transmitter technology had left antenna development 
behind. Wouldn't it be a great improvement to have a single 
high performance all band antenna fed with a single coaxial 
cable?Thinkof theconvenience! When operating in contests 
you could switch bands with no time lost. During a QSO, you 
could check quickly to see if another band was open. You'd 
befree tooperateon any Amateur HFfrequency, without the 
limitations imposed by antenna bandwidths and high SWR. 
You could explore every nook and cranny of our extensive fre- 
quency allocation and find new friends who rarely leave 
"home" frequencies. I felt long wiresoffered the best oppor- 
tunity to achieve that ideal. 

After many months of testing performance on the air and 
experimenting with numerous configurations, I came to the 
following conclusions: 

Under skipconditions, Vantennas werevastly superior to 
straight long wires or dipoles. This wasn't due to azimuth 
gain -they excelled in any direction. Ground wave meas- 
urements weren't at all similar to measurements taken 
during skip contacts. 
A resonant wire, approx~mately center fed and an odd num- 
ber of half waves in length, offered aconsistent impedance 
in the vicinity of 200 ohms. If additional wire legs resonant 
on other frequencies were added, the impedance varied 
onlyslightly. If the feedpoint wasmoved from thecenter of 
the element as much as 118 wavelength there was surpris- 
ingly little shift in impedance. 
These findings suggested a whole family of new antenna 

designs, but I concentrated on my ideal - all bands, one 
coax. My final design was highly successful and I published 
it with the associated test and measurement results in the 
Amateur literature.' The final design had one drawback. It 
occupied about ten acres; not many urban Amateurs could 
fit it into their backyards. Despite this, I received letters from 

TO ANTENNA 

B 

TO 
BALUN 

B 

CERAMIC 
STANDOFFS 

ANTENNA 
INSULATORS 

1 in. PIPE 14 1 
LEAD FILLED 
30 LBS. EACH 

Detall of the 4-wire 200-ohm feediine and grounding relay. 

rural users in many states, and from as far away as VK-land. 
The Australians were particularly pleased. The antenna per- 
formed flawlessly on the commercial frequencies they used 
in addition to Amateur bands for communications in remote 
areas. 

These antennas are also appealing because they don't 
require expensive hardware which would oxidize outdoors. 
I used a single 40-foot wooden mast and aluminum electric 
fencing wire, which I bought in quarter-mile rolls from com- 
mercial suppliers. Trees provided the only other supports. 
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Covers 5MHz to 2000MHz Total Prlce Frelghl Prepacd 
I ~ A M / F M / W ~ ~ ~  FM modes (ExpressShl~pln9 Opllanall 
Continuous coverage  

'Upgrades olAR2002 s 
1oAR25lSspecsAva~lable 

-2000 Channel Memory 
1984 Scan F r e q u e n c ~ e s  
& 16 Search Groups s695m00 . ScanlSearch s p e e d s u p  to 36 channelsor  lncre 
ments per  second 

Built In RS 232 computer interface 
25 Day Satlsfact~on Guarantee  Full Refund ~f not 
Satisfied 

. S ~ z e  31/"HxSVi'Wx7'/B"D WI 21b 1002 
Suoolled w ~ t h  AC & DC Dower cords  Telescooic 
antenna - = == - == - -- 

COMMUNICATION~ 
10101 E. 106th St. Indub.. IN 46256 

TOU h e e  800-&45-2212 
flsa and Mastercard a 
(CODsl~ghtly h ~ g h e r )  

In lndlana317-849-2570 Collect FAX (317) 849-8794 

RELY ON JAN 
FOR 3-WAY HELP: 
1. TECHNICALLY 

CORRECT CRYSTALS 
TO YOUR SPECS. 

2. QUICK TURNAROUND 
WITH HUGE 
INVENTORY, PROMPT 
SERVICE, AND OUR 
EMERGENCY ORDER 
PLAN. 

3. LOW PRICES. 

QUARTZ CRYSTALS FOR 
TWO-WAY - WDUSTRY 
MARINE - AMATEURS 

SCANNERS - CBS 
MICROPROCESSORS 

FOR FREE CATALOG, 
C A U  OR WRITE: 

PD. BOX 06017 
FORT MYERS R 33906 
(813) 936-2397 

1-800-237-3063 
IN FLORIDA: 1-800.226-XTAL 

FAX ORDERS: 1-813-936-3750 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
80 3 390 3.72 3 66- 3.77 3.70- 3.75 
40 3 204 7.11 7.00- 7.22 7.10- 7.15 
15 3 68.5 21.18 20.87-21.50 21.10-21.20 
10 3 5 1 28.46 28.03-28.88 28.10-28.50 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
15 5 115 21.18 20.86-21.50 21.10-21.20 
10 7 120 28.50 28.07-28.93 28.10-28.50 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
40 3 206 7 05 6.94- 7.15 7.10- 7.15 
15 9 206 21.38 21.05-21.70 21.10-21.20 
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If You Want the Most Advanced TNC Today ... 
I n  26 countries around the world, tens of 

thousands of amateurs know that Kantronics 
is the leader in bringing tomorrow's technology 
to their stations today. They also know they will 
always be among the first to incorporate just- 
introduced features and modes with Kantronics 
software and firmware updates. 

And, they know that Kantronics is unique in its 
ability to seek out, develop and incorporate the 
most advanced features into each of five 
different TNC models before anyone else. 
Why? Because every program Kantronics 

connect. So save your computer and monitor 
life by turning them off when you are away, and 
never miss a beat on the airwaves. 

Version 2.85 KAMs have increased Packet 
clusterm compatibility, KA-NODE" path pres- 
ervation, KA-NODE recognition of the "NET" 
nodes and H F  baud rates from 50 through 300! 
And there are three new mailbox commands: 
Lkt Mine, Read Mine and Kill Mine. 

and Tomorrow ... 
writes, and every unit~antronics designs and 
produces are b6rn right here at the factory in 
the U.S.A. 

Will the Real Dual-Port 
Please Stand Up? 

Meet Your Mailman R e a d  our lips. The KAM'~ is the only true 
dual- port when it comes to packet. Your 

T n  this age'of telco LANS, E-mail and FAX, Personal Packet  ailb box'" is accessible from 
both HF  and VHF! Version 2.85 has dual-port 
compatibility with RLIIMBL boards and KISS 
mode for both ports. You can monitor HF and 

i VHF packet operations at the same time. 

Kantronics AII- ode'" (KAM) has Packet, 
PRY WEFAX, ARQ, FEC, R T P l  and CW recep- 

PBBS is just one of the firsts Kantronics delivered. tion. But we have five models to suit your par- 
ticular taste. Ask your dealer for the best - 

you will know you have mail in your Personal choice today ... and tomorrow. 
Packet   ail box'" when your KAM "STA LED 
is blinking. New firmwaie level 2.85 has also 
added a handy automatic mailbox user- 

E1 Kantronics 
RF D a t a  C o m m u n ~ c a t t o n s  S p e c t a l ~ s t s  

Packet Cluster" is the copyrighted software of Pavillion Software 
KAM". AII.Mode", KA-NODE". and Personal Packet Mailbox ". 

are trademarks of Kantronlcs Company. Inc. 

1202 E. 23rd Street Lawrence. Kansas 66046 
(913) 842-7745 



YOUR HAM DOLLAR GOES 
FURTHER AT..  . 

CALL OR WRITE FOR SPECIAL QUOTE 

CALL US 
NOW! SELL-TRADE New & Reconditioned 

In 1937, Stan Burghardt (WQIT), because of his intense interest in 
HAM EQUIPMENT 

C a l l  (11- \ V r ~ l c  1 '5  Todn!. F o r  a Q u c ~ l t ' !  
amateur radio, began selling and servicing amateur radio equipment YOLI'II FIIICI L ' ~  ICI I>c- C'IJLI~~VCJ~I\, K n u \ v l ~ ~ ~ l ~ ~ n b l ~  
in conjunction with his radio parts business. We stand proud of this a n d  H o n r l l  

long-lasting tradition of Honest Dealing, Quality Products and 
Dependable "S-E-R-V-I-C-E "! PHONE (605) 886-73 14 

Above all, we fully intend to carry on this proud tradition with even 
FAX (605) 886-3444 

more new product lines plus the same "fair" treatment you've come 
to relv on. Our reconditioned eaui~ment is of the finest aualitv with 30. - -- 
60 and even 90-day parts and labor warranties on seiecteb pleces 
And always remember: 9 I P M ICSV 

MOWDIl th #@IDA1 
OPI* IAIUIDLlS 

- WE SERVICE WHAT WE SELL - I ron P CLmIo I p M (CsT) 

IUWDAIIlHOLlDAll 

AE A B & W  Daiwa Palomar 
Alinco Be1 den Hustler Radio Callbook 
Ameritron Bencher Kantronics Ritron 
Amphenol Bird Kenwood Rohn 
Arnpire Butternut Larsen TelexlHygain 
Antenna Centurion MFJ Ten-Tec 
Specialists CES MiragelKLM UnadillaIReyco -1 

Astron Cushcraft Mosley Yaesu I ~ ~ J  
182 N M a p l e  
P 0 B o x  73 

W a t e r t o w n .  SD 57201 

Get the most of HF Mobiling 

Yaesu FT-747GX 

SPECIAL OFFER! 

CALL TODAY 
FOR SPECIAL QUOTE 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3 EASYSTEPS: 

Copy circuit on TEC-200 film using 
any plain paper copier 
Iron film on to copper clad board 
Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 

add $1.25 poslage - NY res add sales lax 

The MEADOWLAKE Corp. 
DEPT. W. PO. Box 497 

I Northport, New York 11768 
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THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX 
hr( No. Dsuriptlon Rics 
321-11064-3 Bnc 2 PST 28 VOII coaalal n l t y .  

Amphenol 
Insertion loss: 0 lo 0.750R. 
0 lDd0 
Power nllng: 0 lo  O.SCL. 100 
walls CW. 2 trr peal 
Irolallon: 0.1 GHu4Mb. 0.2 OH21 U S  mad 
40db. 0 4 GHuJSdb tsslld 

83.822 I 'L  259 Teflon. Amphenol 1 75 
PL.259lST UHF Male S~lver Teflon. USA 1 50 
UG-2lDIU N Male RG-8.213.214. Amphenol 3 25 
UG-218IU N Male RG.8. 213.214. Klngs 4 00 
99131PIN N Male Pin for 9913.9086.8214 

111s UG.2lDIU S UG.2lBIU N's 1 50 
UG.21DI9913 N Male for RG-8 wllh 9913 Prn 3 95 
UG.21819913 N Male for RG-8 wllh9913 Ptn 5 75 
UG-146NU N Male loS0-239. Tenon USA 6 00 
UG-83AIU N Female to SO-239. Teflon USA 6 M) 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY' 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Ga~thersburg, MD 20877 

(301) 840-5477 
V I S A I M A S T E R C A R D  A d d  4010 

P r l c e s  Do N o t  I n c l u d e  Shlpplng 

A h 4  YGA ( i m m  Pbulu 

The best computer Fk.Y system just pl better! ( 
A corn k t c  Pacairnlle r s e  tlon system 
lor thePRh1 I T  or ~ o n l p m t ~ l e -  RecelvesI 

~ncludee:  

Soft- 
Freqnency Li@ Intcrpretntbn Cmlde 

Femturm: - .- 

I'rlnt on Epson, or HP Laser Jet 
I>& Snve, Zoo hm&a procedq 
U-ttsoded Imp%mpturs uad mu* am- I 



Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:1 SWR points MHz band MHz 
80 3 389 3.73 3.68-3 79 3.70-3.75 

4o . 5 342 7.12 7.01 -7 23 7.10-7 15 

147' 

10-15-40-80 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:1 SWR points MHz band MHz 
80 3 390 3.72 3.67- 3.78 3.70- 3.75 
40 5 .  345 7 06 695- 7.16 7 10- 7.15 
15 15 345 21.32 21 .OO-21.64 21 .lo-21.20 
10 21 363 28.40 27.97-28.82 28.10-28.50 

p' 
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Complete Monitoring of Video 
and Audio before and during 

14.# 12gl 
71'8" 29'1' - - - 
30 I? 12 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
30 3 143 3 10 12 9.97- 10 27 10 10-10 15 
17 3 80 18 14 17 87-18 41 18 06-18 16 
12 3 58.2 24.95 24.58-25 32 24 89-24 99 

FM, AM, or both Modes of 

use the main Control Unit. 

AGC in the MIC Amp. 
SMOOTH TOUCH Control on 
all Switches. 
EASY to Use 
Many More FEATURES. 

CALL or WRITE For Full 
Information. 

Arlington, Texas 76017 
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. Contains ent in question pool for each license 
class. New Novice and Technician pools a r r  
available now! 

Work with the entire pool, selected arras, or 
automatic selection of questions in your weak mas. 

Prints random written tesls and answers with 
Epson/lRM compatible printers. 

Call or - ~ c  l o  order: 

"ON WINDOW" Line 

VHF 
(140-175) 

No Hde 
a Easy to Mount 

W g e d  . superrw 
Pedonnance 

a Radrator Snaps 
On and OW 

a Cornpetrtively Pricec 

1 UHF 
(420-520) 

3 db garn 
a No Hole 
a Easy lo Mount . Superror 

Pedonnance 
a Radrator Snaps 

On ano On 
a Compehtrvely Pnced 

MODEL OW 3-1 50 
140-174 MHz 

MODEL OW 3-220 
21 0-250 MHz 

a 3 db garn 
a NO Hole 
a Easy to Mount 

Rugged 
a Superror Performance 
a Swrvel Verfrcal Amustmenf 
a Radrator Removal Wrmout 

LOSS 01 Vertcal Ad/ustrnent 
a Compet~frvely Prrced 

CMIUUNIU- ANTENNAS 1 
3900.8 R~ver Road 

Sch!llAr Park. IL 60176 
312-671-6690 

brings imagination and innovation to 
antennas . . . - . . and has been 

since 1948 !! 
h 
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capture area provide better performance, and they don't have 
the nullsof adipole. They are good performers in all directions. 

Dual band Novice 
This antenna IS tailored for the 10 and 15-meter Novice 

bands(see Figure 3). It'scompact and will fit into most back- 
yards. Use one band or the other, without any antenna tun- 
ing or switching; the SWR remains low. The cost IS also low. 
All you'll need IS under 200 feet of inexpensive wire, coaxial 
cable, and a balun. Total cost, including Insulatorsand rope, 
can run as little as $50. 

Figure 4 shows an antenna for 15 and 40-meter coverage 
that uses a little more wire for about the same cost as the 
preceding design. It's simple to install, and has just two legs. 
The antenna is resonated in both bands by 206 feet of wire. 
One antennadoesdoubleduty and, like all of these designs, 
it provides low SWR and excellent performance. If you can't 
fit the wiresonto your property with the 90-degreeapex angle, 
you can make ita straight, center-fed long wire. TheSWR will 
continue to be low; however, the antenna becomes directional 
and performance suffers on some headings. But this may be 
your best compromise. 

Unfortunately, there ~sn't a wire length of reasonable dimen- 
sions which will resonate on both 80 and 40. The solution is 
to revert to the three-leg design in Figure 5, which provides 
a different length for each band. The two resonances fall 
almost in thecenter of the Novlce segmentsand this. together 
with the large area of the array, makes tt a very efficient per- 
former. It's Ironic that resonances also fall ~n the 15 and 
10-meter bands, but the feedpoint IS far removed from the cur- 
rent loops resulting in hlgh SWR on these bands. 

All band Novice 
The antenna in Figure6 gives access to all four Novice HF 

bands. And, when you upgrade to General, it stands ready 
to serve in other segments. Though I haven't shown it here, 
the 363-foot element resonates at the high end of 80. Thls 
opens3.9 to4 MHz up toSSB. In addition: the345-foot length 
resonatesat the top of the 10-meter band, allowlng SSB oper- 
ation above 29 MHz. This antenna IS large, but don't let that 
deter you. If you have friendly neighbors, you may be able to 
run unobtrusive wires through the treesover their properties. 
I did this for a number of yearsusing inexpens~veelectr~cfenc- 
ing wire. 

WARC monobanders 
The monobanders ~n Figure 7 are for the ham who wants 

to add a WARC band. If you cut the wire lengthscarefully to 
the measurements shown, and your antenna is reasonably 
in the clear, the resonance will fall almost dead center in the 
band. Th~s will give you a low SWR from band edge to band 
edge. Theseelement lengths glve no resonanceson other HF 
Amateur bands, and shouldn't interfere with existing 
antennas. 

Dual band WARC 
Are you a General who hasn't trled 12 or 17? Here are two 

antennas which give you both 12 and 17. They are compact 
and can be erected in the average backyard. I've given two 
alternatives in Figures8Aand 6. Choose the one whlch best 
suits your layout. I f  you have a tower available, use ~t as the 
main support with the legs coming down like an inverted V. 
A flat top, however, is preferable. None of the element lengths 



Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
17 5 136 1 7.90 17.63-18.18 18.06-18 16 
12 7 136 25 14 24.76-25.52 24.89-24.99 

1 THE QSL BOOK! I 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
17 3 80 18 14 17.87-18 41 18.06-18.16 
12 3 58 25 02 24.65-25 40 24.89-24 99 

Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:l SWR points MHz band MHz 
30 3 143 5 10.1 1 9.96- 10.27 10 10-10 15 
17 5 136 17.90 17.63-18.18 18.06-18.16 
12 7 136 25.14 24.76-25.52 24.89-24.99 

Con t i nu ing  a 6 8  year t rad i t ion ,  we br ing 
y o u  three n e w  Cal lbooks f o r  1989,  bigger 
and bet ter  t han  ever!  

The N o r t h  Amer ican Cal lbook lists t he  calls. 
names. and  address i n fo rma t i on  f o r  495.000 
licensed rad io  amateurs i n  al l  count r ies  o f  
N o r t h  America, f r o m  Canada t o  Panama 
inc lud ing Greenland. Bermuda. and t he  
Caribbean islands Plus Hawai i  and t he  
U.S. possessions. 

The  ln ternat iona l  Ca l lbook lists 500.000 
licensed rad io  amateurs i n  count r ies  outside 
N o r t h  America. I ts  coverage includes Sou th  
America. Europe, Afr ica. Asia, and  t he  
Pacific area (exc lus~ve o f  Hawai i  and t he  
U.S. possessions). 

The  1 9 8 9  Cal lbook Supplement  i sa  n e w  idea 
i n  Cal lbook updates, l i s t ing  t he  ac t i v i t y  I n  
b o t h  t he  N o r t h  Amer ican a n d  ln ternat iona l  
Callbooks. Publ ished June 1.1989, th is  c o m -  
b lned  Supplement  w i l l  inc lude thousands o f  
n e w  licenses, address changes. and  call sign 
changes f o r  t he  precedlng 6 months.  

Every  act ive amateur needs t he  Cal lbook!  
The 1 9 8 9  Cal lbooks w i l l  be Publ ished 
December 1. 1988.  Order ear ly t o  avo id  
d isappoin tment  (last year's Cal lbooks so ld  
ou t ) .  See y o u r  dealer n o w  o r  order  d i rec t ly  
f r o m  the  publ isher.  

o ~ o r t h  Amer ican Cal lbook 
inc l .  sh ipp ing w i t h i n  U S A  $29.00 
incl .  sh ipp ing t o  foreign countr ies 35.00 

o in ternat iona l  Ca l lbook 
incl .  sh ipp ing w i t h i n  U S A  $32.00 
incl .  sh ipp ing t o  foreign count r ies  38.00 

n Cal lbook Supplement,  pub l ished June 1st 
incl .  sh ipp lng w i t h i n  U S A  $13.00 
incl .  sh ipp ing t o  foreign countr ies 14.00 

SPECIAL OFFER 
u B o t h  N.A. & ln ternat iona l  Cal lbooks 

incl .  sh ipp ing w i t h i n  U S A  $58.00 
incl .  sh ipp ing t o  foreign countr ies 68.00 

* * * * * * * * * + * *  
I l l ino is  residents Please a d d  61h% tax. 
A l l  payments  must  be i n  U.S. funds. 

RADIO b k  AMATEUR 1°C. 

Dept.  F 
9 2 5  Sherwood Dr., B o x  247 
Lake B lu f f .  IL60044, U S A  
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Length of element Resonant Bandwidth Amateur 
Band Half waves Feet frequency MHz 2:1 SWR points MHz band MHz 
10 3 51 5 28 18 27 76-29.76 28.00-29 70 

49 5 29 37 

Length of element 
Band Halfwaves Feet 
30 5 24 1 
20 7 24 1 
17 9 24 1 
15 1 1  254 

13 254 
15 254 

Resonant Bandwidth 
frequency MHz 2:l SWR points MHz 

10 10 9 95-1 0 26 
14.19 13.98-1 4.40 
18 27 18.00-1 8 54 
21 21 20 89-2 1.53 
25 08 24.71 -25.46 
28.95 28.52-29 30 

Amateur 
band MHz 
10 10-10 15 
14 00-14 35 
1806-18 16 
21 .oo-21 45 
24 89% 24 99 
28 00-29.70 

Length of element 
Band Half waves Feet 
80 5 613 

5 63 1 
5 666 
5 684 

40 9 613 
9 63 1 

30 13 63 1 
20 19 666 
17 23 613 

23 63 1 
12 3 1 613 
10 35 613 

37 63 1 
39 666 
39 684 

Resonant 
frequency MHz 

3.97 
3 86 
3.66 
3.56 
7 18 
6 98 
10.00 
14.00 
18.42 
17 89 
24.84 
28 05 
28 81 
28.77 
28.02 

Bandwidth 
2:1 SWR points MHz 

3 50- 4 03 

Amateur 
band MHz 
3 50 4 00 

700- 730 

10 10-10 15 
14 00-14 35 
1806 18 16 

24 89-24 99 
28 00-29 70 



\Il'hc11 1-ou need to command 

with only 80 to 100 watts of 

unique opportunity of knowing 
to  Taiwan, operators easily more output than even the your equipment inside and out. 
controlled pileups with the world-famous Heath SR-220! A top quality amplifier, cost 
SB-1000 and nothing more than savings, bragging rights, plus 
a dipole antenna. This means 

youknowyoucandependon ance from our licensed ham 
your SB-1000 to lift your signal consultants, should you ever 
above the rest. Whether need it. An offer that's hard 
you're using a dipole or  
stacked monoband beams. See the SR-1000 and our 
Proven output power complete line of amateur 

We don't play games by radio products in the Spring 
using old rating methods to Heathkit Catalog. Call today 
make you pay for input for your free copy. 
power you don't get at the 1-800-44-HEATH 

(1 -800-444-5284)  

Best to start with. 
Rest to stay with. 

nton Harbor, Michigan 49022 

IOH'). l lrarh ( i~mpany.  
Ilcarhkir ~ s a  r e g i ~ r c r d  

rradrmark of llcarh (:ampany. 
A subs~diary of Zcnith 

t;Irctn)n~rs (:orporntion. 



on the three-leg design resonate on or near other Amateur 
bands, so it shouldn't pose a problem for your Yagis or other 
antennas. The three-leg design also provides a somewhat 
lower SWR. On the other hand, the two-leg design will reso- 
nate on 40, 20, and 10 meters, and should be kept clear of 
other antennas on those bands. 

Triband WARC 
Here's your chance to put up one antenna with capabilities 

on all WARC bands! (See Figure 9.) While these designs will 
function satisfactorily when installed as inverted Vs, it's prefer- 
able to make them flat tops. Unlike a dipole, which has a sin- 
gle current loop at the center, these antennas have at least 
threecurrent loops(including one in thecenter). The current 
loops provide maximum radiation. 

Broadband 10-meter monobander 
for general coverage 

Because this band is so much wider, it poses problems of 
band coverage with narrowband antennas. The design 
shown in Figure 10 will cover the entire band. Don't use a 
coax~al balun; it will limit your bandwidth. If you wind your own, 
use the Amidon iron powder k ~ t  with eight bifilar turns instead 
of the usual ten. On this HF band, worry about coaxial cable 
losses. RG-58, with a run of 100 feet and transceiver output 
of 100 watts, will deliver only 56 watts to the antenna. By com- 
parison, Belden 9913 or equivalent will deliver 85 watts to the 
antenna in similar circumstances on 10 meters. 

Six band general coverage 
The simple antenna in Figure 11 will deliver six of the nine 

HF bands! It provides the traditional DX bands, plus all WARC 
frequencies. The resonances fall within all the bands but 17 
and 12, where they are slightlyon the high side. However, the 
antenna bandwidth amply covers these two WARC bands 
with an SWR of less than 2:1. A commercial balun will handle 
this design; but if you use a kit and wind your own, I suggest 
once again that you use eight turns instead of the usual ten. 
The fewer turns will slightly lower SWR on 10 and 12 meters. 

Eight band general coverage 
This is the "Monster." It covers about ten acres(see Figure 

12). Since the publication of the details of this design' it has 
been used in many states and DX locations. Nearly all users 
reported SWR readings on each band similar to those I had 
experienced. 

All of the preceding antennas require a4: l  balun to give a 
good match with RG-58 or RG-8 type 50-ohm coaxial cable. 
I have provided several options. 

Toroid balun 
There are a number of commercial baluns available from 

Amateur equipment distributors. Be sure you get a4:1, not a 
1:1 (see Figure 13). If you'd like to wind your own, you can 
order a kit from Amidon Associates or Radiokit.* They come 
with instructions suggesting they be packaged in PVC pipe. 
I recommend you wrap the core with ScotchB no. 27 glass 
electrical cloth tape. You can get epoxy potting material from 
your local electrical supply house and completely encapsu- 
late the unit. The final professional touch for the ultimate in 
reliability istodo the potting in a high school or collegescience 

'Am~don Associates 12033 Otsego Street, Norlh Hollywood. Calltornla 91607 
Radtoktt. Box 973 Pelham. New Hampshire 03076. (603) 633 2235 

TOROIDAL CORE 7 
fi 50 OHM COAX 

I 1  
ZOO OHM 
ANTENNA 

I I 
Detail for winding a 4:l balun. 

I 200 OHMS I 

Detail for making coaxlal balun. 

lab, and immediately place it in a vacuum jar. This removes 
all bubbles or moisture. 

Coaxial balun 
You can make your balun of coaxial cable for some of the 

monoband antenna designs I've described. Details are 
shown in Figure 14. The U section may be coiled and secured 
with tape; its length is as follows: 
Coaxial cable length U section 

Band 
80 Novice 
40 
30 
17 
15 
12 
10 Novice 

Solid 
87'2" 
45'7 " 
32'1" 
17'10" 
15 '4" 
13' 
11'5" 

Foam 
104'4" 
54'7 " 
38'5" 
21'6" 
18'5" 
15'7" 
13'8" 

Conclusion 
I hope you'll give one of these long wire antenna designs 

a try. Pick a band (or bands) that your existing antenna sys- 
tem doesn't cover, and put one to the test. I'll look for you on 
the air! Q 
REFERENCES 
1 E S Brown. K4EF. "AntennaDeslgn Using IheLong WlrePr~nc~ple. HarnRad~o. May 1977, page 10 
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NEW ENGLAND5 FACTORY- 
AUTHORIZED SALES & SERVICE 

FOR 

Also displaying the populcrr trcce.ssoric.s tlec~dc~d to  cot?tplc~rc~ tr HAM STATION . . . 
ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 

ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 
HELIIEN RENCHER R & W DAIWA ALINCO 

HUSTLER KLM LARSEN MIRAGE ROHN 
LIMITED TEI.EX/HY-GAIN TOKYO HY-POWER I,AHS 

SUPPLY ! 1 TRAC KEYERS VIHKOPLEX WELZ ETC. 

OPEN SIX DAYS A WEEK WELCOMED 

R-7000 Widespan Panadoptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 17-386-4032 

THE MULTIPLE RECEIVER SOLUTION 

1 4 Channel Signal-to-Noise Voter . Expandable tu 37 Ch,~rlrlel by Ju\t A~IIIII~I] Lards 
Conl~nuolrs Vollllq 
LED lnd~calors 01 COR and Voted Slqnalr 
Bu~lt-~n Callbrator . Remote Voled lndlcalors Pinned Oul 
4l.1 x 6 Double Srded Gold Plated 44 Pln Card 
Remote Drsahle Inpols 
MORE 

Built, tested and calibrated with manual 

$350.00 

I Telephone ~nterface now ava~lable 
For more ~nformatlon call or wrlte 

DOUG HALL ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus. Ohio 43211 

(614) 261-8871 

OR COLLECT OLD RADIOS, YOU NEED ... I 
ANTIQUE RADIO CLASSIFIED 

FREE SAMPLE COPY! 
Antique Radio's Largest Monthly Magazine 

Classifieds- Ads for Parts & Services 
Articles - Auction Prices-Flea Market Info. 

Also: Early TV, Ham Equip., Books, Telegraph, 
Art Deco, 40'9 & 50's Radios & more ... 

Free 20-word ad each month. Don't miss out! 

6-Month Trial - $11. 
1-Year: $20 ($30 by 1 st Class) 

Fore lgn by alr-Canada: $32; Mexico: $30; Other: 560. 

A.R.C., P.O. Box 802-A5, Carlisle, MA 01741 
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No other repeaters or controllers match 
Mark 4 in capability and features. That's 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message Masterm real speech voice 
readout of received signal strength, 
deviation, and frequency error 4- 
channel receiver voting clock time 
announcements and function control 7- 

Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 

Mark 4. 

alerts. Create unique ID and tail messages, and the 1 1 
ultimate in a real speech user mailbox - only 

helical filter receiver extensive phone 
patch functions. Unlike others. Mark 4 
even includes power supply and a 
handsome cabinet. 

NEW OPTION 
RS-232 for Repeater Control 
using MODEM or Packet TNC 

MICRO CONTROL SPE 
Division of Kendecom 

23 Elm Park, Groveland, MA 01834 
Inc. 

(508) 372 

Call or write for specifications on the 

-3442 
repeater, controller, and receiver winners. 

FAX 508-373-7304 



Practically 

Joseph J. Car6 K41PV 

VERTICALLY 
POLARIZED HF 
ANTENNAS: PART 2 
Last month I introduced a series on 
vertical antennas. I discussed the basic 
theory and configuration of the "stan- 
dard" quarter-wavelength vertical 
antenna. This month I'll take a look at 
some practical issues involving the 
much-needed ground system for the 
vertical, and vertical antenna construc- 
tion details. 

Vertical antenna ground 
systems 

The vertical antenna works well only 
when placed over a good ground sys- 
tem. The usual way to provide a good 
ground for a vertical is to use a system 
of radials like that shown in Figure 1. 
A view from above shows 16 quarter- 
wavelength radials arranged to cover 
a full circle around the antenna. Each 
radial is a quarter wavelength, so each 
will have a length (in feet) of 246/FM~z. 
All the radials are connected together 
at the base of the antenna, and the 
ground side of the transmission line is 
connected to this system. The radials 
may be placed on the surface or 
underground. A friend of mine placed 
an extensive radial system on the bare 
dirt when his house was being built. 
When the sod was laid down, he had 
a very high quality underground radial 
system. 

If you decide to use an above- 
ground radial system, be sure to make 
provisions to prevent people from trip- 
ping over it. You may be liable if peo- 
ple trip over your radials and injure 
themselves - even if the person is an 
intruder or trespasser! 

Some experts prefer to place a cop- 
per wire screen at the center of the 
radial system. The minimum screen 
size is about 2 meters (6 feet) square. 
Use solder to connect it to the radials 
at the points shown in Figure 1. Other 
experts drive ground stakes into the 
ground at these points. Still another 

Basic ground redial system. 

method is shown in Figure 2. Here you 
see a "spider web of conductors 
shorting the radials at points a meter 
or two from the antenna. Again, some 
authorities recommend that ground 
rods be driven into the earth at the 
points indicated. 

The exact number of radials you use 
depends in part on practical matters 
- like how much money you have to 
spend, or how many you can physi- 
cally install. Use at least two radials per 
band; four per band is preferred for 
simple, low cost systems. However, be 
aware that even four radials is consid- 
ered a compromise. The general rule 
is: the more radials, the better. But 

there's also a law of diminishing returns 
as the number of radials increases. 
Figure 3 shows the approximate field 
intensity (mvlmeter) as a function of the 
number of radials. Notice that the f~eld 
intensity doesn't increase as rapidly 
per extra radial when the total number 
of radials is above 20 or so. The Fed- 
eral Communications Commission 
requires AM band (550 to 1620 KHz) 
stations to use 120 radials, but that 
number isn't necessary for Amateur 
stations. A practical upper lim~t of 16 
radials is usually accepted for Amateur 
radio work, and your antenna can work 
well with fewer. 

For vertical antennas mounted 
above ground, there's an optimum 
height for the base of the antenna. This 
height is a quarter wavelength above 
the actual ground plane. Unfortunately, 
that distance may or may not be the 
actual physical height above the sur- 
face. Depending upon ground con- 
ductivity and ground water content, 
the height may be exactly a quarter 
wavelength above the surface or 

Spiderweb ground radial System. 
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Fnq. 1 dB 
Rocel*. Range N.F. Qaln Comp. 
Onlv IMHd (dB) (dB) (dBm) 

P28VD 
PSOVD 
P50VW 
P144VD 
P144VDA 
P144VDG 
P220VD 
P220VDA 
P220VDG 
P432VD 
P432VDA 
P432VDG 

lnllne ( d  awltchod) 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Bipolar 
Bipolar 

GaAsFET 

DOFIT 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Elpolar 
Blpolar 

GaAsFET 

Evwy p..mplMu h p m c l o h  rllgrwd on ARR'r lhuI0N P&wd H m P M 6 A  olrt..of-thod d w  flgum 
meter. RX only p n r m  llflera a n  for m x l v e  r p  llcrtlona only. lnllne p n r m p l l f l m  a n  d awl tchd (for use 
w ~ t h  transcelven) an8hand1e 25 watts tranamtter power. Mount lnllne reampllflers between trmscelver 
and power ampllller for hlgh power appllcatlons. Other amateur, commerclafand s ampllflen available 

In the 1.1000 MHz range. % t i c l u d e  $2 shl plng In 
U.S. and Canada. Connef Ilcul residents a d 1  7. ' /1% 

Rdvcrnced sales trles tax. add C.O.D. 10%. wden Order add your $2. ARR A I ~  mall R x  to only foreign or Inllne couw 

Receiver preempllfler today and atart henrlng like never beforel 
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BLACK DACRON@ POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRON" 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqulr~es lnv~ted 

2472EASTMAN AVE. BUILDING21 
synthetic VENTURA C A L I F O R N I A ~ ~ W ~  
textiles,inc. (8051 sse-7903 
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ALSO AVAILABLE 
FO-12-144. FO-16-220, FO-22-432. FO-25.432. FO-11-440 

POWER DIVIDERS STACKING FRAMES 
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Research 
Box 1242 Burlington, CT 06013 203 582-9409 EEm 

NO TUNERS! 
NO RADIALS! 

NO RESISTORS! 
NO COMPROMISE! 

FOUR EXCELLENT REVIEWS lUST 
DON'T HAPPEN BY CHANCE. 

CALL US FOR A FREE CATALOGUE. 
'See rcw8c.w In Ocl. 73, 1984 '5ept 73. I985 

'March i?, 19Rh 'Uec RR. CQ 

BlLAL COMPANY 
137 Manchester Dr. 

Florissant, Colo. 80816 
(719) 687-0650 

NEW! 
The clrsslc "Antenna Blhfe" 

now In r Ihorou~hly-revlwd, much-enlarged 
cdlllon 

ANTENNAS 
2nd edltlon 

by John Kraus, WSJK 
Ohln Slr lc Unlvcrrlly 

Coven both theory and 16 applicalions lo pad& 
systems. W~fh design formulas, tables and refer- 
ences. Over 1000 ~Ilusaanons. 
'Modern, complete, a classic'. Micnmave Journal. 

91 7 pages. hardcover. $51.95 
Add $2.50 per book (or sh~pping and handling U.S.. 
55.00 elsewhere. 

CYCSUS-QUASAR BOOKS 
P.O. nnx 85, P W ~ I ,  oh10 45065 

Tcl. 614-Wb71195 

> 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" for 30 years, no rig 

too old or new tor us. 

4033 Brownsville Road ei Trevose, Pa. 19047 

, 21 5-357-1400 
tm 
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NUMBER OF R A D I A L 9  

Effect of the number of radials on the effective radiation of the antenna. 

slightly lower: Find the optimum height Amateurs because of space restric- 
by experimenting; remember that it tions in many locations. 
will vary over the course of the year if Vertical dipole construction is rela- 
climatic changes are the norm in your tively straightforward. First, find or build 
location. a vertical support structure. In the sys- 
Vertical antenna variants tem shown in Figure 4, the support is 

a wooden or heavy wall PVC mast. 
So far, the vertical antennas I've con- Thin wall PVC pipe whips around too 

sidered have been standard quarter- much in the wind and requires more 
wavelength Let's take a look guy line support than is reasonable; so 
at several variations. Figure 4 shows avoid it for this application, Ropes and 
the vertical half-wavelength dipole. The insulators at either end support the 
vertical dipole is constructed in exactly wire elements from the ends and keep 
the same manner as the the antenna taut. If neighbors are a 
dipole, but is mounted in the vertical problem, try to some white thick 
plane. In general! the section of the wall PVC pipe that you can use to build 
radiator closest to the ground should a fine flagpole (be patriotic), and sim- 
be connected to the shield end of the ply hide a vertical dipole inside it, ~f 
coaxial cable transmission line. your home doesn't have metal siding 

Like the the and is tall enough, a support from the 
approximate length of the vertical roof structure (or soffits) will make a 
dipole is calculated from: 

468 
proper support. 

LJ = (1) One problem we liability-conscious 
FMHZ people need to consider when using 

Where: a vertical dipole is the high impedance 
Lfi is the length in feet, and voltage at the ends of a half- 
FMHz is the operating frequency in wavelength dipole. Anyone touching 

megahertz. the antenna is likely to receive a nasty 
Of course, each leg of the vertical RF burn or shock. 

dipole is one-half the calculated length. Coaxial vertical construction is simi- 
The vertical dipole antenna is used lar to that of the vertical dipole in that 

in many locations where it's impossi- it uses a pair of vertical radiator ele- 
ble to mount a horizontal dipole ments. It can even be argued that it's 
properly, or where a roof or mast- a form of vertical dipole. However, with 
mounted antenna is impossible to the coaxial vertical antenna, the radi- 
install because of logistics or a hostile ator that's closest to the ground is 
landlord and/or homeowners' associ- coaxial with the transmission line and 
ation. Some row and townhouse the main radiator element (see the 
dwellers, for example, have been suc- example in Figure 5A). An insulator at 
cessful with the vertical dipole. In the the feedpoint separates the two halves 
1950s and 1960s, the vertical dipole of the radiator. In most cases, the top 
was popular among European radiator is smaller in diameter than the 

coaxial sleeve (also called the "shield 
pipe" in some publications). For the 
most part, the reasons for this arrange- 
ment are mechanical rather than elec- 
trical. The coaxial cable transmission 
line passes through the sleeve and is 
itself coaxial to the sleeve. 

The overall length of the coaxial ver- 
tical antenna is one-half wavelength, 
consisting of two quarter-wavelength 
sections. Both the radiator and the 
sleeve are a quarter wavelength long. 
The starting length of each is found 
(approximately) from: 

Lj = 
246 

F M H ~  
(2) 

These equations are similar to the 
one used to calculate half-wavelength 
antennas, but they are reduced by a 
factor of 2. 

The coaxial vertical antenna was 
once popular with CB operators and 
was called the "colinear antenna." You 
can sometimes find hardware from 
these antennas at hamfests or surplus 

m 
Slmple half-wave vertical dipole. 
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Commercially used system for feeding a 
coaxial half-wave antenna. 

markets and modify the pieces for 
Amateur Radio use. If you're building 
a 10-meter band antenna, it's a simple 
matter to cut the ll-meter CB antenna 
for operation on a slightly higher fre- 
quency. But it's a little more difficult for 
the lower frequency bands, and it's 
likely that only the insulator and mount- 
ing assembly are salvageable. Keep in 
mind, however, that adjacent sizes of 
aluminum tubing are designed so that 
the inner diameter (ID) of the larger 
piece is a slip fit for the outer diameter 
(OD) of the smaller piece. This letsyou 
connectadjacentsizesofaluminumtub- 
ing together without special couplers. 
I find that salvaged insulator assem- 
blies with just 6 to 10 inches of the 
former radiator and sleeve can be cut 
off, and new radiators from "adjacent 
size" tubing can be installed. 

The configuration in Figure 5A is the 
construction technique used by com- 
mercial antenna manufacturers for 
VHF and CB colinear vertical dipoles. 

shop for making the center insulator. 
You'll need to find another construction 
method to rnake this antenna practical. 

Figure 58 shows a construction 
method that has been used by 
Amateurs with good results. The radi- 
ator and sh~eld pipe (sleeve) are joined 
together in an insulating piece of thick 
wall PVC plumbing pipe, LuciteTM, or 
PlexiglasTM tubing; 6 to 10 inches of 
tubing are needed. 

Leave a gap of about 2 inches 
between the bottom end of the radia- 
tor pipe and the top end of the shield 
pipe to keep them electrically insulated 
from each other, and to allow the coax- 
ial cable to be passed through to the 
outside world. Drill a hole in the insu- 
lator pipe for this purpose. 

Fasten the aluminum tubing pieces 
for the radiator and the sleeve to the 
insulator using at least two heavy 
machine screws for each. You can use 
one of the machine screws on each 
piece as the electrical connection 

RADIATOR 

GROMMET 

INSULATOR 

S L E E V E  

Homebrew method for feeding a coaxial half- 
wave vertlcai. 

INSULATOR 

I 
Antenna mounting scheme. 

between the coaxial cable and the 
pipes, as long as you cut a larger hole 
in the insulator at that point to admit 
the washer that provides the electrical 
pathway between the screw head and 
the aluminum pipe. If you omit the 
washer, and depend on the contact 
between the machine screw and the 
pipe, your connection will probably be 
intermittent and cause you quite a bit 
of aggravation. 

Mounting the homebrew coaxial ver- 
tical antenna can be a "pain in the 
neck." Normally this antenna is 
mounted high in the air, so some form 
of support is needed. Fortunately, you 
can use small area metal supports 
connected to the sleeve. Figure 5C 
shows one popular mounting method 
that uses a pair of television antenna 
standoff mounting brackets to support 
the sleeve. You can buy these brackets 
in sizes from 6 to 24 inches. Note that 
a 2 x 4 piece of lumber is used 
between the building wall and the 
brackets. This wood serves as an insu- 
lator, so it should be varnished or 
painted. Attach it to the wall with lag 
bolts, wing bolts, or some other secure 
anchoring method. Keep in mind that 
the forces ,on the brackets increase 
tremendously during windstorms. 
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~'Your're miles ahead 
with Larsen f f Rick Woalsome, Communications Consulranl 

WoalsorneandAswciata, Boulder; Colorado 

When the directors of the Coors International Bicycle Classic needed 
a sophisticated mobile communications system, they turned to commu- 
nications consultant Rick Woodsome. A s  a commun~cations specialist, 
Woodsome knows what it takes to make a communication system work. 

That's why he turned to Larsen Antennas. 
"You don't pull off the largest s orts event in the Western Hemisphere 

without ood communication. An you don't have good communication 8, without t e right equipment. 
! 

"Larsen antennas were instrumental in making last summer's 
Coors Classic an overwhelming success. They were key to our entire 
communication network. 

"Without Larsen, it would have been uphill all the way." - Rick Woodsome 

THE AMATEUR'S PROFESSIONAL. 
Larsen K6lrod" and KUlduckiev antennas 

provide amateurs the same advanta es enjoyed by I commercial two wa radio users. 0th combine 
too DerforrnancewitR the lono ranoe deoendabilitv - - you want - 

See 
your 
dealer 
for the 

tempo- I 
rary mounts. You can buy with confidence, 
because they're all backed b Larsen's No 
Nonsense Warranty lor a lulrsix months 

For a professional approach to amateur radio, 
tune in to Larsen. 

The Amateur's Professional 
Seeyour tdvor~te 'lrrl'itcur tlcdlcr or wrllc IOI .I I l rc  amatcut catalog 

IN USA: Larsen Electronics, Inc., 11611 N.E. 50th Avenue, PO. Box 1799, Vancouver, Washington 98668 (206) 573-2722 fl 155 

IN CANADA: Canadian Larsen Electronics. Ltd., 149 West 6th Avenue. Vancouver, B C. V5Y 1 K3 (604) 872-8517 





100W. 100kHz to 30MHz 
HF ALL BAND TRANSCEIVER 

Dual VFO system 

SALE! CALL FBp PRICE 

THE ULTIMATE 
150 W, ALL BAND 
HF TRANSCEIVER 

i GREAT PRICE! 

MULTI-BAND I I 

YOU CAN OPERATE SIX BANDS 
WITH ONE CONTROLLER1 

2 MTR 25 /45W 4 4 0  M H z  10 M T R  6 MTR. 
2 2 0  M H z  B 1 2 G H z  10 M E M O R I E S  

A P ' -  vOCI P'EI' lI ' ' O R  
1 1.2 GHr OPEPATION? 

Bob krrero WBRJ ATLANTA GA 30340 OAKLAND. CA 94606 SALEM. NH 03079 WOODBRIDGE. VA 22191 VAN NUYS. CA 91411 
PresldentlOwner 6071 ~ u ~ o r d  Hwy 2210 L lv~n slon SI 224 N Broadway 14803 Build Anierlca D r ~ w  6265 Srpulveda Rlnf 

Jlm Ratterty N6RJ CYPj ~ ~ I ~ ~ 4 n , . w  
ri) 534 ! is7  p03) 898 3750 1 800.444 0047 (703) 643 1063 1 800 444 4799 (018) 980 2212 
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VJOW YOU CAN BUY DIFIt-w 8 FROM US, ['HE MANUFACTURER! 

CUSTOM M A D E  BATTERY 
PACKS & INSERTS 
Made to your specifications. 
Introductory Offer l 
KENWOOD I N S E R T S  
PB-21 - S13.75. PB-25 - $20.00. 
PB-26 - $20.00 
lCOM INSERTS 
BP-5 - S23 00. BP-3 - $18.95. 

I MADE IN 
THE USA I 
Send for free 11 catalog 1 
price list! ;IATI 

shing, N. - 
In U.S. & 

t 
v 

:all Toll Fr IN NYS Telex: 51 

SMART M T E R  d UM CONTIlOUER 
D W  YUWQ 

W m L M U U T  ID'ER 
A U M V  OUTPUTS 
E*BY TO WERFACE 

REPEATER i LtNK COURTESY TONE) 
LOW POWm 2 2 m  6 12V 

~ ~ ~ e m m n  &NM TOM= 
KWlW MONITOR INPUT 

SIKRIESUlLO W R M T e  BASE 
CAPAHUW WlTH OPTlOWAL 
PC1016 8 W 8 ( Z e A  BOARD 

SRC-10 - $148.OO/PtlO/S - $39.00 

~EPEAWIJM AUMO MIXER m a  
* r n A U D I O I N W T ( I  

THREE ARIUBTAIILE AUOlO . CTCS3 OECODeR ON UAI 20 ONLY 
COI(tROUPD DTMF ROUTING 

LOWPOWER, l0ms ( 12V 
U B V  TO INTERFACE 

*W MONITOR.MIX/MONI~ 
MUT€ CONTROL 

UAb10 - S44.0ONAI-20 - $89.00 
ASSEMBL W & TESTED 
om YEAR w A R n m  

CREAfnrE CONfilOL PROMmS 
3185RuntlngAwnua 

Cnnd JuwAbn, CO 81 804 
(303)434-0406 

G5RV 
MultiBand Antenna 

1 0  thru 160 Mctcr 
Factory Wired & Tested 

Introductory Price I $39.95 Plus $4 Shipping - 
I 1 

S1rmlm.s stm .lh.rd*.r* 
,arcem U W S ,  

ALSO AVAILABLE 

Authorized 
TenTec K4BWC 
Dealer 

I FO-16220. FO-22-432. FO-25.432. FO-33432. FO-11.440 

POWER DIVIDERS STACKING FRAMES I 
ELECTRONICS 

4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 

W s W W h l H m e N l d l o l m d m k a v m a h m n L w m a  
114 Wrm IIIWI~WS SIYIW slsdess h a r a r 3  StYim 
Md $5 UPS YH la each anlarna 

SI WSI 01 MISSISYI*)I 
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- 
GROUND 

STAND-OFF 
lNSYIATORSl  I I 

TREATED 
4 X 4 FENCE POST 

\ I I COAX TO TRANSMITTER 

1 A N  RADIAL 

GROUND ROD 

Basic ground installation of a quarter-wave vertical. 

The two vertical antennas shown 
here can present a shock hazard to 
anyone who touches them. Both of 
those antennas are half-wavelength 
radiators and of the dipole form of con- 
struction. The center point is used for 
feeding the antenna, so it forms the low 
impedance point in the antenna. As a 
result, the ends of the antenna, one of 
which is close to the ground, are the 
high impedance points. This means 
the voltages at those points can be 
high, and also with~n reach of prying 
hands playing in the yard. It's wise to 
either mount the antennas so far above 
ground that they can't be reached, or 
build a small nonconductive fence 
around the ends of the antenna. 

Vertical antenna 
construction 

of these antennas will provide the~r 
own instructions. 

The ground-level mounted vertical is 
shown in Figure 6. The typical vertical 
antenna is 8 to 40 feet high. Thus, 
although the actual weight of the 
antenna is small, the forces applied to 
the mounting structure can be quite 
high, especially during windstorms. 
Don't be fooled by the apparent light 
weight of the antenna in this respect. 

The mounting structure for the ver- 
tical antenna can be a metal or 
wooden fence post buried in the 
ground. Make sure at least 2 feet of 
the fence post are above ground. In 
Figure 6, a 4 x 4 wooden fence post 
is used as the mounting, but the prln- 
ciples are similar for all forms of post. 
Try to make sure you have a fence post 
hole at least 2 feet d e e ~ .  In some 

Vertical antenna installations are cases, it may be possible io use 1 foot 
generally ground level or nonground of gravel fill topped with back-filled dirt. 
mounted. In this section I'll take a brief In other cases, especially where a steel 
look at both forms of mounting, con- fence post is used, place a concrete 
centrating on the installation of plug at the bottom of the hole over a 
homebrew verticals rather than com- 4-inch layer of gravel. 
mercial ones. I assumethatthevendors Install the antenna radiator element 

to the fence post with standoff insulators. 
You may have to omit these insulators, 
as they are difficult to find. Given that 
varnished or painted wood isn't a very 
good conductor, it's not unreasonable 
to bolt the radiator directly to the 4 x 4 
fence post. Use 5116-inch (or larger) 
bolts; make sure they're long enough 
to fit through both the antenna element 
and the 4 x 4 post. Bolts 5/16 inch in 
diameter and 6 or 8 inches long will 
probably work best. Use at least two 
bolts, one at the bottom of the antenna 
radiator element and one near the top 
of the fence post. A third bolt, halfway 
between the other two, wouldn't be out 
of order. 

Generally, no matching is necessary 
if the antenna is a quarter wavelength. 
Although the feedpoint impedance 
isn't exactly 52 ohms, it's close enough 
(37 ohms) to form a reasonable match 
for 52-ohm coaxial cable (with VSWR 
= 1.4:l). The center conductor of the 
coaxial cable is connected to the radi- 
ator element, while the shield is con- 
nected to the ground system. Two 
ground methods are used in the exam- 
ple shown in Figure 6. The first is an 
8-foot ground rod driven into the earth 
at the base of the antenna; the second 
is a system of quarter-wavelength 
radials. Remember that the ground 
system is absolutely essential. 

Figure 7 shows a method for install- 
ing a vertical antenna above ground. 
A wooden support (2 x 4 or 4 x 4) 
is put up in a manner similar to the one 
in Figure 6, but a deeper hole is used 
to counter the longer length. The sup- 
port can also be affixed to the side of 
a building wall, shed, or other pre- 
existing structure. Once you've 
decided on your support, attach the 
radiator element using the method 
described for the previous antenna. 

Electrical connections to the 
antenna are also shown in Figure 7. 
Because the antenna is above ground 
level, an electrical counterpoise 
ground consisting of a system of 
radials is absolutely essential; provide 
at least two radials per band. Use a 
small L bracket to support the radials 
and provide an SO-239 coaxial con- 
nector for the coax. This connector is 
a chassis-mounted type with its center 
conductor connected to the radiator 
element. Fasten the connector shield 
to the bracket; this connects it to the 
radial system. 

In some installations the antenna 
support structure will require guy wires 
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I Manufacturers -- of  Quality Communications Equipment I 
.Repeaters 
.Links 
.Remote Base 
.VHF,UHF 
.Receivers 
.Transmitters 
.Antennas 

- =  R V  

'0 . E' EXPANDABLE REPEATER 

.Standard and 
Computerized 
Controllers 

*Standard and 
Computerized 
Auto Patches 

.Duplexers 

SYSTEM 

I 
A NEW CONCEPT IN REPEATER DESIGN. THE Hi Pro "E" IS AN EXPANWBLE REPEATER WITH THE FOLLOWING FEATURES: A BASIC REPEATER WHICH WOULD IN. 

CLUDE A COMPLETE RECEIVER. TRANSMITIER. COR. FRONT PANEL CONTROLS AND 1NDICAX)RS. LDCAL SPEAKER AND MIC JACK AND CAPABLE OF FUTURE 
EXPANSION. ALL HOUSED IN AN EXTREMELY RUGGED. ENCLOSED, lPlNCH RACK MOUNTABLE CABINET 

THIS SYSTEM CAN BE EXPANDED AT TIME OF PURCHASE OR CAN BE AN AFTER-PURCHASE ADD ON. THE ADD ONS ARE-HIGHER POWER. 1101220 VAC POWER 

SUPPLY. IDENTIFIER. AUTO PATCH, OR COMPUTER CONTROLLERS. IN ADDITION TO THESE ADD ONS AN ADDITIONAL RECEIVER AND TRANSMIlTER CAN BE 

MOUNTED INTERNALLY FOR USE AS CONTROL LINKS. REMOTE BASE OR DUAL BAND OPERATION. ETC. 

AN EXTENSION PANEL IS AVAILABLE FOR LOCAL MONITORING OF THE REPEATER AND CONTAINS ALL NECESSARY METERING. STATUS LIGHTS AND INDICATORS ALL 

ADD ONS ARE AVAILABLE FROM THE COMPANY AND ARE COMPLETE INCLUDING INSTRUCTIONS. 

MAGGIORE ELECTRONIC LAB. 499 0741 MELCO 
600 Westtown Rd. West Chester, PA 19382 Phone (21 5) 436-6051 FAX 215-436-6268 

5-1000 MHz PREAMPLIFIERS 
NF G P(1dB) $ 

WLA20M' 2dB 15dB OdBm 73 
W U 2 l M  3 13 8 57 
WLA22M 4 11 12 61 
WlA23M 4 22 12 87 
W U 2 4 M  3 23 18 109 
W U 2 5 M  5 11 20 82 
WLA26M 6 21 24 199 

Add $4 for SLH. 'BW 1-500 MHz 

WlLAM TECHNOLOGY, On of 

WI-COMM ELECTRONICS INC. 
PO Box 5174 MASSENA N Y 13662 

(315) 769 8334 

ANTENNA ANALYSIS 
'1'111. IIVW .\IN j)l-t,~r.tr~l t\tIl .tn1:11\-,tl itlnltn>l iuty ;inlt.1111;1 
~n:tdr 01 w r t .  atr t u l ~ r ~ ~  I'ornp~att' fut*:~rd ~ . ~ l n ,  l.'il3. 
hritn~wndth. *~dt,lol>c.. I IITI.~IB~, IIII~V~.IIICL.. S\Vl<. nvilr- 
fi~ld.-. and I t r - l i c l d .  i r ~  frrv hp;~cc or over rr;tl~slic;llly- 
rnndrlrd v;tr l l~ 1'101 .snlcnn;~ r m i ~ : ~ ~ ~ n n  pnttr,rnh on your 
~~. :~pl l !cs scnvn >IN c : I ~ \  COIII~UII' thv in l~r :~cI lon :lmong 
srvcr;tl nr;~rl>y :snlrmn;$.;. Thr~ 5-1/.1" .MN dark cont:~ins 
over 100 filrs. 111cIu0ing l i l ) ran~s  01 :lntrnnn and plot 
files. :I filr cd~tor, nnd cxtrnslue dwurnmtnt~on. M N  is 
;In rnh:incrd, ?;I?;?-lo-use vrrsion oTAlININI*:(' Tor I l l h l -  
I>(:. Si5  ISXI) (:A & Ii irv~gnl. 

YAGI OPTIMIZER 
l'hr rr~n;~rk:thlr new YO propr:lm nrrf~~r,~of~cnllr. ;~djusts 
Y ; I ~  r l r n i ~ ~ n t  Icnpths :rnd >p:lclnf:s tn nl;lxmnlz<> lorwnrd 
C:bln. clpllrnllr p.~tIrrn. and nnntnll lr S\VI<. k ~ d ~ n t i o n  
p;ltlt.rna at b;~nrl ct.nt(.r ;~nrl rdgvs :urc upd;~trd on your 
+rrrcn dttnng O~III~~II~II IO~ YO I?; t'xtrrnla.Iy l i i s~ .  con>. 
puling -r,vrr.rl 1n.d Y;~{:I dcspna /wr .\r.lnntl wi th 130H7. 
YO 15 ,s c ~ ~ ~ n p l ~ ~ t ~ ~  Y.),:, ~~.<Z~I I  p.wkz~gc Iiw ll3hT-IT, 
contmnlng niodt.l> Ivr ,!.tn~rn.~ :tnd I I~ I I~ I~~  n~:~tclit,s, elc- 
nlrnt t;~pcn!i~. z~!cltint~!ig ~ l l i~ l vh .  itnd II.P~IIPI~U~ sritlirlg. 
A I~l,r;sry afY;tp lilt?; itlld I.~LI.~ISB\-V d o c ~ n ~ r n l ; ~ t w n  :IT? 

t~~c ludrd .  %!I0 IS!lI ('A & Ic,rrv~m~ 
7ir g ~ n l ~ r ,  hvri,/ n c h w k  1,). 

II~IATI I$,,V,I,.Y, tit~sr~, : ,oi .1;2 'r:,~l,br, VIS~:,, (*,I 5 ~ 2 0 ~  

',$ ! h, ,"  s 1, a ., ,r,  ,,I ,ac.,, , ,Arb,, .1 
,~ntl.nr~,j ac~.gy% lo maxlrnlrt. ..y,,tr.nl 
y.l#n and a1 Ihr mnw- lmrnr rt~~l i lrn 
losses loa mno8rnum Coverlrrg 144 
thru 1296 MHz lhls 5erses 01 V H F I  
UHF1l01r!dtv~ders~lrr~renc8t~r RF 

, 8  m;, ernllng bandvldlh 
Extruded alurnlnum body ~8 th  s 

durable enarnellln8sh tnaddll~on lo 
. snltson ssallng a1 canneclor llanger 

N.lype connectots only lhese 
I. .'. - unlls ore uncondtl~onally gunran 

leed lor 2 years 

I MODEL CONFIG. PRICE 
144-2P 12 ilorlsl $54 W 
144.4P 14 ooflsl $61 M) I 

STRIDSBERG E N G I N E E R I N G .  CO 
PO Box 7973 Shfevepart L A  71 107 USA 

Phone 1118) 865.0523 a? 



ti WOODEN SUPPORT 

Scheme for mounting an elevated vertical 
with an elevated radial system. 

to keep the structure stable. Don't use 
the radials as guy wires. The type of 
wire that usually works well for radials 
is too soft and too easily stretched for 
guy wire ser'vice. Use regular steel guy 
line, available where TV antenna sup- 
plies are sold, for this antenna. Make 
the lengths nonresonant and break the 
guy lines up with egg insulators, if 
necessary, to achieve nonresonance. 

Next month.. . 
I'II look at two topics in the final 

installment of this three-part series. 
One is the 518-wavelength vertical 
antenna. These verticals have a gener- 
ally lower angle of radiation than 
quarter-wavelength antennas, and may 
offer many Amateurs a superior "DX 
solution" over the quarter-wavelength 
model. The second issue that I'II 
address is safety. 

I can be reached at POB 1099, Falls 
Church, Virginia 22041; I'd like to have 
your comments and suggestions for 
this column. 

Flash! The RC-96 Repeater Controller two year warranty now 
includes lightning coverage. 

The '96 is tough. A three-terminal Your users will be thunderstruck by 
gas discharge tube across the phone the outstancling patch and auto- 
line and transient supressors on dialer, wlth room for 200 phone 
each input and output signal stop numbers. The talking S-meter will 
llghtnlng from taking your system let thcm check their signal strength 
down. The '96 is so well protected into the repeater. I<cmote base 
that Its provcn perfurnlance in the support for up  to slx bands allows 
field allows u s  to offer two year linlung your rcpeater to others. Plus 
warranty coverage which includes support for pocket pagers and a 
damage caused by lightning1 bullciin board. 

You'll hcar thunderous applause Your technical crew will Hght up  
when vou Install a '96 conlrollcr on when they scc the built-in keypad 
your rc-pcater. Remote prograrnn~ing and Indlcators. And the rase of 
will let you easily make changcs to hook~lp with shielded DIN cables. 
your rcpcatcr from anywhcrr wlth- With pots and DIP switches easily 
out a i n p  to thc hill. Changc codes. acccssiblc at Ule rcar of the unit. 

I a~l tod la l  numbers. ID and tail 
mcssagrs and more, with rcllablc rtugged, c a ~ a b l c ,  easy to hook UP. 
storagr in EZI'ROM memory. Thc I<C-96 Itcpcater Controller - an 

cnli~htcxiing expcricnce for your I 
I rcpcatcr. I 

QCC advanced 
computer  
controls, inc. 

2356 Walsh Avenue, Sanfa Clara.  CA 95051 (408) 727-33 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

*MIDJ,N& Since 1963 

12033 Otsego Street, North Hollywood, Calif. 91607 
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CARD FILE STATION 
FOR 40 METERS 

By Ed Marrinec W6XM, 528 Colima St., La Jolla 
California 92037 

'd like to tell you about a 40-meter CW transceiver I use 
for portable QRP It consists of a direct conversion 
receiver and a 1-watt transmitter (see Figure 1). 

A direct conversion receiver is very good for portable use. 
It has disadvantages as a home station if there are other 
stations within a mile of you. A strong signal nearby will 
block and modulate across the band. 

The direct conversion receiver VFO is tuned just off fre- 
quency from the incoming signal. This difference in fre- 
quency produces a clean, strong, and solid audio tone sig- 
nal. 

You'll find when tuning that adjacent signals may superim- 
pose themselves on the received signal if the band is 
crowded. You could use an audio filter; however, this would 
add to the complexity of the receiver. Tuning to one side 
or the other of the received signal sometimes deletes the 
unwanted signal. Your only other alternative for solving the 
interference problem is to find a crystal filter for a regular 
superhetrodyne receiver. Unfortunately, this is almost impos- 
sible because parts are becoming hard to get. 

Even though the direct conversion receiver has some 
drawbacks, it gives me a lot of enjoyment during the day 
when there are few signals on the band. Best of all, these 
receivers are simple. 

Power supply 
I'd like to suggest that you start by using a 12-volt battery 

for the power supply. Doing so solves a lot of problems. 
You can experiment with a 12-volt regulated supply later. 
I use a regulated supply built in a Ten-Tec box and keep 
it at least a foot away from the receiver. It's been recom- 
mended that toroid chokes be used in both positive and 

Audio amplifier 
I used a Radio Shack telephone amplifier (catalog no. 

43-231) which is often on sale for $7.00. 1 found it was a 
great choice. The amplifier contains a 2N2222 audio 
preamplifier driving an LM386. I was able to use the whole 
board by removing it from the case. (Just two screws hold 
it in place.) I also used the loudspeaker; it can be pried from 
the case. I could have used the amplifier volume control, 
but I used a standard 10-k potentiometer for panel mount- 
ing instead. 

PC boards 
I made my own circuit board using draft~ng dots and tape. 

You can hacksaw the board using two pieces of angle iron 
for support. Make sure you file the edges until they're 
smooth. Polish the copper with steel wool before putting 
on the tape. 

I used to put the components on the fiber side of the 
board. Now I put them on the copper side; this makes it 
easier to remove or change them. There are times when 
leads coming through holes are covered with solder and 
still aren't making contact. It's easier to solder the compo- 
nents if you tin the copper side. 

Once the board circuitry tape is pasted on, I put the 
board in a plastic tray and pour ferric chloride over it. Place 
a 75-watt lamp over the tray to heat the fluid. The Radio 
Shack board etches in about 20 minutes. Many military- 
type boards have thicker copper and are very difficult to 
etch. The process may take up to an hour. I found both the 
board and etchant at Radio Shack. 

Coil construction 
negative leads when using AC supplies with a direct con- I find winding and tuning the toroid coils the most diffi- 
version receiver. I didn't find it necessary. Don't try to build cult part of construction. Everyone has various sizes in their 
the power supply and transce~ver on the same chassis. If junkboxes and this makes a grid dip oscillator (GDO) a 
you do you're bound to have AC-modulated hum. Transis- must. The T-68 or T-50 coils are the most popular. For 40 
tors love to pick up this hum from the chassis ground. meters use the red-painted ones. You can start by winding 

I built my transceiver in a 3 x 5-inch wooden card file 35 turns of no. 28 wire on the coil. Fasten the coil to a 
box. You might want to use a larger chassis. 50-pF variable capacitor, then put one loop of hookup wire 
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R5 lo,12,15,17,2o METERS 

C 

ohm cable is 
designed for space age living, 
on small city lots, apartments, 
condominiums or for travel in 
motor homes. If you have lim- 
ited space, or galaxies of space, 
R5 will give the most perfor- 
mance from your transceiver. 
R5 electrical halfwave, only 
16' 4" tall design allows the 
antenna to be mounted virtually 

anywhere, without compromis- 
ing performance. It easily 
handles 1800 watts of power 
with a solid state matching net- 
work giving full band coverage 
of 10-12-15-17-20 meters. 
Easy set-up makes this antenna 
ideal for portable or fixed instal- 
lations. It performs without a 
rotator, or tower. A simple sup- 

your connection to ham friends 
around the world. 

AVAILABLE THROUGH DEALERS 
WORLDWIDE 
48 Permeter Rd PO. Box 4680 
Manchester. N.H. USA 03108 
Tel. 603-627-7877 Telex 4949472 
Fax 603-627-1764 fl 



RG-174/U COAX 

AUDIO AMPLIFIER 
RAOlO SHACK ' NO. 43-231 

IN34 

TONE OSC FOR MONITORING SENDING U 
F I  

Schematic of the 40-meter direct-conversion receiver and 1-watt transmltter. 
(Continued on page 61.) 
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R-4C Enhancements 

Introducing MIX-4 ! 

Solid State 3rd Mixer Replacement 

'l'llr SO~III~OII 11) ~IIC OIIC I<CIII:I~II~II~: I'r~vl11r111 wi t l l  
t tw I)r :~hc / S lacn~<ub~l  1t-K 

N<>i\y 111 . I7 I l i ~ ~ t l - ~ i i i \ ~ ~   lull^,\ 11.1(~, II~.IFIII.~ I<-J(. 
O ~ I ~ C I \  IOI \L~:I I \ ,  I l i ~ i i i i i : ~ ~ ~  II?IIIS, c ~ , ~ c k l i ~ i g .  
111121~1~1111111i~~. ,11111 I)L)\\CI - I I I~C I>LII/\\ 1111 ,1111. iie\vest 
I'(.~Ix~,II<I ~ i i a > c I ~ ~ l t ~  I ,I\! I<> 111\1:1ll ill .111y It-4C. 

I I~I I~~~ILIL~LYI ,\ \,>l(l O ~ I I  ,II ' S O  l )s~!l~i~i I I ; ~ ~ i i \ ' c ~ i l i ~ i ~ i  " 

Sh~rwood Engin~~ring Inc. 
1268 Snlltlt 0l:<lc11 Strcrt .  I l r ~ ~ \ c r .  TO 80210 

(ill.:) 722-2257 h 1 , ~ l l ~ I . l ~  ~ l-ll,l.l> 'I .\ h l  - 5 I' bl 

Sales, Service & Installations from: 
/I,,U:~J I . / , ,t  i ~ r u i t c  5 0 1 1 ~ r ~ .  hNSL 

(OIJ)  s.:11~5~1 I I).I!,, ( O I J )  ~.;(,-3:~i, I-\CIIIII:~ 

/ .7-.1 /!,~/,,,f~,,.<. K :I . I <  
(412) 52s-9.312 01 ( 2  11,) 531.7916 
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antennexo 

"The Magazine About Antennas" 
IF YOU - 

*Have a lousy mobile signal on all bands? 
Need an inexpensive beam for 10 meters? 

-Unsure about using vert vs horiz antenna? 
Need a low noise antenna for 160 meters? 

*Want to design an antenna just for you? 
Need a program for design and plotting? 
Need to solve a unique problem? 

K n o w  the best antenna for hamsats,etc.? 
-Need a disguised mobile antenna? 
Want a cheap automatic coupler system? 
Just want to learn more about antennas? 
THEN SUBSCRIBE TO - antenneXo 

12 MONTHLY ISSUES is only $15.97 for 
USA and possessions. $1 9.97 foreign. 

antenneX0 
PO. Box 8995 Dept. 19 

Corpus Christi, TX 78412 

WRITTEN TEST STUDY GUIDES 
All word-for-word questions, multiple choices. . . 
answers. Choose Novice, Technician, General. 
Advanced or Extra Class Answer explanations 
supplied1 
$4.95 Each verslon + $1.50 shlpplng. 
All flve manuals: $22.95 postpald. 

HAM RADIO Q &A MANUAL 
All 1,932 questions, multiple choices and answers 
found in every ham license exam, Novice through 
Extra Class. 
$9.95 Shipped postpaid. 

MORSE CODE TEST PREPARATION 
Set contains two 2-hr. cassette tapes 
Code Teacher, 0-5 WPM $9.95 
General Code. 3-15 WPM $9.95 
Extra Code, 12-21 WPM $9.95 
Plus $1.50 shlpplng per set. 
All ManualslCode Tapes: $49.95 
New gPart 97 Ham Rules: 8 2.95 

Order shipped same day received! 
Credit card phone orders: 10 a.m. - 2 p.m. 

W5YI MARKETING 
P.  0. BOX #565101 - Dallas, TX 75356 

Tel: (817) 461-6443 - 24 hours 
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COMPUTER 
SOFTWARE 

LOW BAND DX-ING COMPUTER 
PROGRAMS 
by John Devolbem. ON4UN - 30 program for 
Apple II. MS-DOS. Commodore C.128 and 
Kaypro CPM Computers 
a,,,: .thou! $.v-ry ,nteresI (11 need a cavered-from anlenna de- 
stun .~nd ou:inli:a~~o~~ 10 general operallng programs Anlenna pro. 
0.ams ~nclttdr shun1 anc ser~es Input L network deslqn. teedllne 
Iranslormer shun1 network desqn. SWR cakolabon. pllts 11 mole' 
General Ham programs Include sunrtse/sunsel. greal clrcle dts- 
lancrs. grayltne, vert~cal anlenna des~qn proqram, stlnrlse CalPn. 
dar plus 9 morel 1986 

UN-Apple II $39.95 
UN-MS (MS-00s) $39.95 
IUN-CPMIKaypm $39.95 
IUN-C-128 (COMMOOORE C128) 539.95 

I IUN-MAC (MACINTOSH) 549.95 

N6RJ's ELECTRONIC SECOND OP 
lor MS-DOS computers. V1.01 
by Jim Ratferty NBRJ 
The world I.!rnotir SECOND OP IS now avatlable ln a slale-01-the. 
arl cornpulrr~?ed dala hase Thls proqram, wrlllen lor MS.DOS 
compu~ers. IS a must for OX'ers. conleslers and all Amaleurs 
~nferrsled In rellable DX communlcallon Oala can be dtsplavel 
elmer In columnar lormal or In lull screen dtsplays Unknown call- 
stqns can be etilered and compared lo  me ITU callstgn allocat~on 
lor easy ~denllf~cahon There's plenty more loo such as POslal 
rales. beam headlngs and OSL bureaus l o  name lust a few Great 
program to have tn your shack Order your's lnday 1888 
MS DOS compulers. 5% and 3% verslons available 
Please spectly on your order 

CB-RI (MS-DOS Computers) 559.95 

Chip Lohman 

AMATEUR RADIO COWUTER SOFWARE 

MASTER LOG ~ e w  Version 
Masler Loq creales a file of 21W ~ndlndual records wtlh up lo  
1.3 d~lferenl enlrles per record I1 can do a search and selecl based 
trporl Itrne, frrqupncy. mode and keeps lrack of DXCC and WAS 
slalus. pr~nls OSL labels and can search 11s whole llle In less Ihan 
5 seconds1 Conlpble documetllalton 15 lncluded lo help you lrarn 
and use l h ~ s  IruPly slale 01-lhe arl loqqlnq progranl 1988 

HD-ML (For C-64) $28.95 

SUPER LOG 
Super Loq glves you all Ihe advanlages of a compuler17ed dala 
base wlhoul sqn~ficanlly changlng the lrad!lional lag formal Super 
Loq also allows you to prlnl oul ellher selecled contents or Ihe 
whole log W~l l  pnnl OSts 

IHD-SL (For C-64) $19.95 

CONTEST LOG 
T ~ I S  disk conlams four difierent conlesl programs. ARRL Sweep. 
Slake\. F~eld Day. Universal W Conlest log, plus a dupe check 
tnq roullnr Attlomaltcally enters dale. Ilme. hand and sprlal nuniher 
lor each conlacl When Ihe conlesl IS over. Ihe prooram wlll Drlnl 
your IPWII% l~s l~nq  all duped and scored cmtmls In rPr~al sequrnct? 
with all IIIP nrcessan, tnlormat~on as well as complrlrd scorr al 
Ihr bollom 01 Ihe page 

HO.CL (For C-64) $24.95 

DX EDGE MS-DOS AND C-64 software 
Partlctllarly helplul In delermlntnq lonq palh and qrry lhtte open. 
Inqs Super last speed and dazzl~nq qraphlcs make this program 
a rreal In .rce The MS WS veruon alw ~ml tdes  a r low up Inmml 
leai~tre lor delalled examlnallon. a MUF calculalor and a qrpal c ~ r  
CIP bearlng roul~ne All call sign pr~l ixe5 and coulr i  r~amr?  are 
hull1 tnlo Ihe dala base lor easy ptnpolnllnq (11 locallons MS N S  
vrrson also color compatlbk Requtrrs 2 dlsk dr~ves 34Rh 111 Ilwm. 
ory, Hercules. CGA or EGA graphlcs and DOS 7 I of Inlet 

IXN-DOS (IBM or compatible computers) $34.95 
IXN-C64 (C-64 computer) $34.95 
XN.DX (slide rule version) 522.95 

HAM RADIO'S 
BOOKSTORE 

Please enclose $3.75 shipping and handling. 

I Amplifier Repair I 
Alpha - Ameritron - AMP - Henry 
Dentron - Heathkit - TenTec - Etc. 

I 35 Years Experience as the - 
I Service Manager with a - 

I maior manufacturer I 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

Y 19-832-1025 

: Factory Author~zed Dealer & Serv~ce For : 
I KENWOOD ! I . . 
I YAESU I 
I I 
I I 

I I 
I ICOM I 
I - I 
I I 
I Call Us For I 

: Great Prices & Great Service j 
I I 
I TOLL FREE ORDER LINE (d00-344.3(44 I 

,".,l,"."l.lUS I1r.n. ! I 
I 

YPD 5' g 10 10 I1 IOY ma. pllo(m.nE.dlpOl.81 lOnp 
YPD 1 80 4OU m.. 0.rlum.nC.dlpQI. 85 lmg S61 
H I D  I' 16060  10Yhlp.rfolm.nc.dl~. I l l  lmg 
qso6. 160 ""40 m I r  lOY%p.c.....#dlpol. II 1- 

550 s. BO 40 m 3 %  t o u  .D.c. ....*d,po~. SWIIY L r r  $?a sr s - o n ~ p d  
q-n a '  lo 40 ill lSY %oar. ....- d4r.011 $ W ~ I Y  L I 8  SO1 W I PS pod 

U.S. AMATEUR RADIO MAIL LISTS 

Labels. floppy disks. CD-ROM. mag tape. 
Newly licensed hams 
All upgrades 
Updated each week 

BUCKMASTER PUBLISHING 
Route 3. Box 56 

Mineral, Virginia 231 17  
7031894-5777 vlsalmc 8001282-5628 

QuAm 
CRYSTALSlOSClLLATORS FOR 

ELKTRONIC - INDUSTRIAL 
.M ,,,,, l ' ,  , .  , , , f  , I , ,  ., , . I , , , , , r % , , , ,  ,.,-,*,&.n> . I,"Vk~r~.l~.,,rl iw.,,, . Mqrlt, I '  

COMMWK4TN)M - REPLACEMENT . ?a, r,,i,. , u. , . t i  ',.,nn,.l 1 ' .  r ~ v v  . l ' , ~ ,  r ,  . M ,It,,*. . AV,,.,tt . Trll~,nl.lr.. . Mc8r?il* iwJk,tnrrf~ 

AMATEURS . ( It . tl,,l>l~l-.' . I xyx.rlmtvlln 

COST EFFECTIVE 
MODERATE PRICING 

The Puke of Dependable Canmnritatiom 
,,,..,.I r ., r.,l,., .,vr . ;,nrj+FlltE . ' I , , > J  ' , ; v . c ,  
*,"! ,%,It , I , , , ,  ~ift<.,,,>,l ,,,<.~~~~,~",,,' .,b-,,,l ,,",tY,5"f>., 
rn,,",>t".,,,,Y< I>, .h. I,,!C., ,"~,~~,Y>,,,<.<I 1r.t>r.,tw, ' 0 ' '  In.> 

Gj,,,,lfl..!,,. th,. -,-I( <!,,vvb f n ~ - , t  ftw ,-.-I w?tiMw>. 
*I.>.. , I , ,,I1 ,,"l,,' 

CRYSTEK CORPORATION 
1)IV , , , , , I  1 ' , , 1 i , , 4 > , 1  ,Y'.II:,.'.,y 
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SUPER PERFORMANCE BATTERIES 
UPDATED SUPER ICOM SUPER YAESU 

SUPER ICOM BP 7s. 1 3 2  vo l ts  SUPER YAESU FNB4SH 12 vo l ts  
1200n1a t r~ [ ) le  the c a p a c ~ t y  o l  the lOOOrna do~ rh le  the cdpaclty o f  the 
lcorn BP-7 5 w  output Yaesu FNR 4 5 wa t t  ot l tput R a p ~ d  
SUPER ICOM BPBS. 9 6  vo l ts  charqe orl ly S71 00 
1200rna 50 more  c a p a c ~ l y  t han  SUPER YAESU FNB-3.5. 9 6  vo l ts  
t h ~  l c o m  BP 8 1200rna t r ~ p l e  the capaclty o f  the 
Bo th  are  r a p ~ d  base charge on l y  o r  Y a e w  FNR 3 3 5 wa t t  output 
s l ~ d e  I n  wa l l  charger 4 Inches h lgh Raptd or w a l l  charge S6500 
BP 7s o r  BP-8S S65 00 Both are  perfect l o r  the 03 09 a n d  

12; w t e s  r a d ~ o s  a n d  are 4 ~ n c h e s  SUPER KENWOOD Exact r e p l a c ~ m e l l t  FNB 2 Nlcad pack high 
SUPER K W M l O D  PB 25SIPB 26s 8 4 l o r  Yaesu FT 4MR1207R1208R/708R h w l s  lor. 
vo l ts  q00t11d d o ~ t l ~ l ~  Ihe capaclty S22 50 Kenwmd PB 25.25H 26 32500 
of the f'R 251PR 26 lor  the 25001 lcom BP 3 S1895 
2 6 0 0 1 3 5 0 0 / ~ 0 0  Ctlarqe w ~ t h  e ~ t h e r  SPEAKER/MICS lcom BP 5 1 5 ~ ~ m a l  S24 95 
the s tandard wa l l  charger o r  drop lcom HM 9 535 0 0  l m m  8P 7 1500mal $29 50 
~n charger 3 Inches h lgh 56500  Yaesu MH12AZB $31 00 lcom BP 8 $29 SO 

Ful l  l lne for  Yaesu 41 11811 1470 FNB-10111112114 avatlable 
Add 54 00 shlpplnqR handltnq lor l ~ r s l  pack CT tes1denl5 .ldd 6 lax 

Complete l lne o f  NlCAD packs f o r  l com Kenwood Yaesu Tempo Santec A rden  Cordless Telephones 
Akal lne N ~ c a d  & Gell-Cells A l l  NlCAD packs l i c l u d e  1 year  guarantee Commerctal R a d ~ o  Packs a v a ~ l a b l e  

For  a l l  you r  battery needs w r ~ t e  o r  cal l  today lor  a complete cata log Dealer Inqutrtes lnv l tpd 
I,? '111' 14) t i  7hlc) ~ I ' I  tiAk1 

m 
V M  

,!urn~mmex isle, 
149 Palmer Road Soulhbury CT 06488 

(800) 634-8132 In CT 12031 264-3985 FAX 12031 262-6943 

1500 + WATT TRANSMATCH KIT $169.95 O T H E R  K I T S  
G S R U H ,  PSK P a c k e t  M o d e m .  S a t e l l i t e  

. . . . . . . . . . . . . . . . . . . . . . .  pq5q and T e r r e s t r i a l .  $1 11.00 

....................... 
G 3 R U H .  O S C A R  1 3 T e l e m e t r y  

D e m o d u l a t o r . .  $144.95 
Q R P  20 ,5w ,  20 m e t e r  T r a n s c e l v e r  ( H R  1/89).$124.95 
W 1  FB 160180 P r e  A m p  ( O S T  8/86). ......... .$19.95 
K S C W  M e m o r y  C o n t e s t  K e y e r .  . . ........ .$109.00 
Y a e s u  FRG-9600 ,  .1 t o  60 M H z  C o n v e r t e r .  ... $84.95 
20m C W .  1 5 w  T r a n s c e i v e r  (H.R. 6/87). . . . . . .  $1 59.95 BASK KIT-INDIVIDUAL ITEMS W W 7 5 M  S S B  S C V R .  . .................. $1 79.95 ........... 1 - r o t a r y  Inductor 2 8 r h .  $59.00 ~~~t~~ wired 

2 - 6 : l  ball d r i v e s . .  ............ $13.00 ea .  C o m p l e t e  A r n e r l t r o n m e n - T e c  L i n e .  . . . . . . . .  . C A L L  
1 - 0-100 turns c o u n t e r . .  ......... .$65.75 

counter, economy . .S19.95 BBW P T - 2 5 0 0 A  A m p . .  . . . . . . . . . . . . . . . . .  $1,670.00 
. . . . . . . . . . . . . . . . . .  2 - v a r l a b l e  c a p a c R o r s  BBW V S  1 5 0 0 A  T u n e r .  $388.00 

25-245 pf 4500 v ,  .......... .w.OO ea. N e l - T e c h  D V K - 1 0 0 A  ( F r e e  R e p e a t  O p t i o n ) .  . .$240.00 
. . . . . . . . . . . . . . . . . . . . . . . . . .  OPTIONS- C a r y  L K  8 0 0 C .  . C A L L  

e n c l o s u r e  ( p i c t u r e d  In Sept. 86 CQ). $78.00 Box 973-H Shlpplng Extra 

4 : l  balun k i t . .  .$22.50 Pelham, NH 03076 (603) 437-2722 c.ta~~grl.oo .................. 
dials, t~rmlna ls ,  chrssis, w n m k  standoffs, hardware, toroids, amp compomnts. B6W con stock, ale. VISAIMasterCard 

figs9 U.S. CALL DIRECTORY> 
(on m i c r o f i c h e )  

Call D i rec to r y  - b y  ca t l s i gn  .................... $8. 
N a m e  I n d e x  . b y  l as t  n a m e  ................... $8 
G e o g r a p h ~ c  I n d e x  - b y  s ta te l c i t y  ............ $8 

A l l  t h r e e  - $20 
$3 s h i p p i n g  p e r  o r d e r  

BUCKMASTER PUBLISHING 
R o u t e  3, B o x  5 6  

M i n e r a l ,  V i r g i n i a  2 3 1 1 7  
7031894.5777 v i s a l r n c  8001282 -5628  

MASTER WCKET RADIO: the hands on guide 
b y  Dave Ingraham. K 4 W J  
App~als to all l ~ v ~ l s  01 packrt radlo enthuslasts from novices 11 
experts al~ke Full o l  ~llustralions and wrltten In a a m p .  easyto 
understand style Twa covered include a bwc pnmer. hwne am 
pulers and data communlcatlons terminals, a survey ol equlpmen 
avallable how toset upa stallon plusmuchmre 208pages 1 W  
Is1 edllton 
1 122567 Softbound $12.95 

YOUR GATEWAY TO PACKET RADIO 
b y  Stan Honepa, WAlLOU 
Beulnners w~ll  ltnd the complele easy.tbundenland explanatiom 
el~mrnale many of the frustrattng aspects of packet operatton Full 
of helpful h~nts and ltps that come from thousands of hours of 
on Ihe alr experience 208 pages 1987 
I IAR-PKT Softbound $9.95 

THE PACKET RADIO HANDBOOK 
b y  Jonathan Mayo, KR3T 
Prov~dtng you 6rsl WM packet basics, hstmokprogresses mrwgh 
the Inner wOrhnaSandOperahonalaspeetsofpacket toakmkattuture 
lechnoloqy st~ll~ndevelo~mentalslapes Also~ncludes uslng bulle- 
ttn boards trantc handllnoon oackel modulat~on methods and net- 
work~nq prlnc~ples protocols (both AX 25 and VADCG) and a thor- 
ough dlscusslon 01 the varlous TNCs and accessorles avallable ii 
1989 2nd Edltton 218 pages 
1 ,7.3222 JDRbaund Sl5 .S  

ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 
Pioneer Papers on Packet Radlo 1981-1985 
Wr~ttrll dur~~irl the formulaltve years ot Packet developmnt. 
theFe papers (too numerous lo mentlon them all) cover theory. 
practical appllcattons protocols, sottware and hardware sub 
JPCI) YOU also get a complete up lo  dale collectton o l  all pub 
ltshed Gateway . the ARRL Packel Radlo newslener As b ~ g  as 
lhe ARRL HANDBOOK 1985 over 1000 pages 
I IAR-CNC Softbound $17.95 

5th COMPUTER NETWORKING 
CONFERENCE PAPERS 1986 
I AR.CNC5 Softbound $9.95 

6th ARRL COMPUTER NETWORKING 
CONFERENCE -11987 
August 1987 

AR-CNC6 Sonbound $9.95 

7th ARRL COMPUTER NETWORKING 
CONFERENCE 1988 
I AR-CNC7 Softbound $11.95 

WCKET COMMAND 
b y  Buck Rogers. K4ABT ' 
Thts bookts a has~c look d l  packetrad~ofrom Me lns~de out Slm~lar 
commands are grouped logelher wllh slmple easy to understand 
explanations 1988 58 pages 1st Edttm 
I 'KT-PC Softbound 52.95 

ADVANCED WCKET 
by Buck Rogers. K4ABT 
1t11r hook took? at Ihe more advanced s~de of Dackel operation 
nclude? 24W baud data transfer FAX and WEFAX packet clus 
er lnformalton and more 1988 58 pages 1st Ed~l~on 

IKT-AP Softbound $2.95 

DIGITAL COMMUNICATIONS 
WITH AMATEUR RADIO 
ipeclal AEA editlon by Jim Grubbs, K9EI 
>Id115 wtlh a haste revirw ol dtg lalrornmuntcatlonsand techntques 
Ind lncludes aconlplele descr~pl~on of whalpackel radlo IS all about. 
INCs. operatlnq modes, network~nu are all tullvcovered In easv-to- 
lndesland lerm~noloqy Also covered are accessorles, lnnovallons 
Ind lnleresttngorgantzatlons youcan loin , 1988.1st Edllton 160 
#ages 

IAEA-PKT Softbound 59.95 

P lease enc lose  $3.75 sh ipp ing  a n d  handling. 

HAM RADIO'S 
BOOKSTORE 
Greenville, NH 
03048 (603) 878-1441 
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OPERATE POSITION 

CALIDRATE POSITION 

through the hole. Put a loop of wire around the dipper coil 
and clip to the loop around the toroid coil, which has been 
set to 50 to 75 pF. Adjust the turns for resonance for 40 
meters. 

You can detect the resonant frequency of the transmitter 
variable frequency oscillator (VFO) by using the GDO as 
a field-strength meter. Because of the large capacitance in 
the Colpitts VFO, the tuning coil will have less turns than 
the mixer coil. Use the capacitance shown for the VFO gate 
to ground (see Figure 1) and to the coil. It will affect the 
frequency and output. You'll need 1.4 volts rms on pin 2 
of the mixer to get a good signal from the VFO. 

The 1000-ohm resistor and 0.01-gF capacitors act as an 
RF filter from the mixer ouput. You can use a 2.5-mH RF 
choke, but I found it wasn't necessary. 

Transmitter 
The transmitter is straightforward. The oscillator coil is 

peaked to obtain 1 volt of RF drive to the 2N3553. The out- 
put of the final matches 50-ohm coax line. 

Parts are hard to find these days. I've listed some places 
to try here. Perhaps an ad in Ham Radio might net you 
some hard-to-find parts. 
Toroids 
Palomar Engineers, Box 455, Escondido, California 92025. 
Amidon Electronic Supply, 12033 Otsego Street, North 
Hollywood, California 91607. 
Transistors 
All Electronics Corp., PO. Box 567, Van Nuys, California 
91 408. 
Circuit Specialists, PO. Box 3047, Scottsdale, Arizona 85271. 
RF Parts, 1320 Grand Avenue, San Marcos, California 
92060. 
Variable capacitors 
Fair Radio Sales Company, 1016 East Eureka Street, Lima, 
Ohio 45802. 
Search the magazine ads and write for surplus. You might 
also try radio swap meets. Q 

HAM RADIO 
LOG BOOKS 

back by popular demand! 

Room for over 21 00 QSO-that's over 
twlceas many as the other log books. 
Forcontesters, each pagecontalns 30 
QSO's for easy counts. You also get 
the latest up-to-date frequency spec- 
trum chart. ITU callsign list and ARRL 
DXCC l~st Spiral bound to lay flat on 
your desk. Unquest~onably the best GREAT log book value around. (3 1988. 

HR-LB ............ Spiralbound $2.95 GIFT HRJLB Special Buy 3 

IDEA Save 22% .......... Get 3 $6.95 

m @D 
HAM 

Please enclose $375 sh~pp~ng & handllng 

RADlO BOOKSrORE 
GREENVILLE. NH 03048 (603) 878-1441 

MOVING? 
Let circulation know 
60 days in advance. 

Ham Radio 
Greemlle, NH 03048-0498 
603-8Bl441 
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INTRODUCTION TO 
WAVEFORM GENERATORS 
PART 1 

By Joseph J. Carr; K41PV: PO. Box 1099, Falls 
Church, Virginia 22041-1099 

62 Ham Radio/September 1989 

w aveform generator circuits are used to produce 
a large variety of waveforms needed in circuits 
and projects of interest to Amateur operators. 

The astable (also called free running) multivibrator (AMV) 
may produce square waves, triangle waves, or other non- 
sinusoidal waveforms. The AMV is a circuit that produces 
a periodic waveform (i.e., one that repeats itself). 

The monostable multivibrator (MMV), or one-shot, circuit 
is a class of waveform generator that is not free running. 
This circuit produces only a single pulse when triggered, 
so it isn't periodic. (Note: In the strictest sense, astable mul- 
tivibrator circuits produce only square waves. Current 
common usage, however, broadens the scope of the term 
considerably.) Basic RC network, no voltage applied. 

The subclass of AMV and MMV circuits I'll discuss here 
is based on IC devices like voltage comparators, operational 
amplifiers, integrators, and so forth. Because these circuits 
are based on the charge and discharge properties of 
resistor-capacitor networks, it's prudent to review the oper- 
ation of simple RC networks. Since they also depend on 
the properties of the op amp voltage comparator, I'll review 
comparator theory. 

Review of RC networks 
Take a look at Figure 1A. Assuming that the init~al condi- 

tion is as shown, switch S1 is in position A and is open cir- 
cuited. Initially, there's no charge stored in capacitor C 
(i.e., Vc = 0). However, if switch S1 IS moved to position B, 
voltage V is applied to the RC network. The capacitor 
begins to charge with current from the battery, and Vc 
begins to rise towards V (see curve Vcb in Figure 16). The 
instantaneous capacitor voltage is found from: 

Vc = Vfl - e (-T/RC)] (1) 
Where: 

Vc is the capacitor voltage 

vcr 
(CWARQINQ) 

(DISCHARQINQ) 

TIME 

. 
V is the applied voltage from the source 
T is the elapsed time (in seconds) after charging begins Graph illustrating charge and discharge time constants. 



Graph of a common charge cycle encountered in waveform 
generators. 

R is the resistance in ohms 
C is the capacitance in farads 
The product RC is called the RC time constant of the net- 

work. If R is in ohms and C is in farads, then the product 
RC is specified in seconds. The capacitor voltage rises to 
approximately 63.2 percent of the final value after IRC, 86 
percent after 2RC, and > 99 percent after 5RC. By defini- 
tion, a capacitor in an RC network is considered "fully 
charged" after five time constants. 

If switch S1 in Figure 1A is next set to position C, the 
capacitor begins to discharge through the resistor. In the 
discharge condition: 

Vc = V[ef-T/RC)] (2) 
Voltage Vc drops to 36.8 percent of the full charge level after 
one time constant (IRC), and to very nearly zero after 5RC. 

Now look at Figure 1C. This graph represents a situa- 
tion commonly encountered in waveform generator circuits. 
In this graph, the capacitor is required to charge from some 
initial condition (Vcl), which may or may not be zero volts, 
to a final condition (VC~), which may or may not be the fully 
charged 5RC point. This all occurs in a specified time inter- 
val, T. The question is: "What RC time constant will force 
Vcl to rise to Vc2 in time T? Assuming that Vcl < Vc2 < V: 

V - Vc;! = ( V  - Vcl)[e(-T/RC)] 
or, doing a little algebra and rearranging terms: 

(3) 

- 

You can use Equation 4 to derive the timing or frequency 
setting equations of many different RC-based waveform 
generator circuits. The key voltage levels will most often be 
comparator trip points, or critical values set by the design 
of the circuit. 

V/d . VZ- V1 t-'" 
Basic voltage comparator using an op amp. 

HYSTERESIS BAND I 
(SEE  INSET)^ 

Graph depicting the transfer function of the comparator. 

Voltage comparators 
A voltage comparator is basically an operational ampll- 

fier without a negative feedback network (see Figure 2A). 
The open loop gain of the operat~onal ampl~fier is very large, 
on the order of 200,000 to 300,000 for most common, low 
cost integrated circuit (IC) devices. Without a negative feed- 
back, the operational amplifier functions as a very high gain 
DC amplifier with an output that saturates when a very tiny 
input potential is present. 
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Simple method for biasing either input to the comparator to a 
specific voltage. 

The voltage comparator is used to compare two input 
voltages and issue an output signal that indicates their rela- 
tionship (V1 = V2, V1 > V2, or V1 c V2). In Figure 2A 
potential V1 is applied to the inverting input, and V2 is 
applied to the noninverting input. If V1 = V2, then Vo = 
0. Otherwise, the output voltage obeys the relationships 
shown in Figure 28, which is the transfer function of the 
comparator. According to the normal rules for operational 
amplifiers, making V1 larger than V2 causes the input volt- 
age to look like a positive input to the inverting input, so 
the output potential is saturated at -Vsat, just below V-. 
Alternatively, when V1 is smaller than V2 the input voltage 
looks like a negative input potential, so the output is satu- 
rated at +Vsat just below V+. In Figure 28, there's a small 
hysteresis band around zero where no output changes 
occur. This is an unfortunate defect in practical operational 
amplifiers. 

The biased comparator 
Figure 3A shows a method for biasing either compara- 

tor input to a specific reference voltage. This circuit is called 
a voltage level detector. Although in this case the nonin- 
verting input is biased and the ~nverting input is active, the 
roles can just as easily be reversed. Bias voltage V1 is found 
using the voltage divider equation: 

Figure 38 shows what happens when the noninverting 
input is biased to a positive voltage, V2. At time T1 the volt- 
age applied to the inverting input (V1) begins to rise, but 
V1 < V2, so the output of the comparator is saturated to 
+Vsat. The V1 potential continues rising until time T2 when 
V1 = V2, so the output snaps toward zero; an instant later 
V1 > V2, so the output is saturated at -Vsat. 

In the circuit presented in the section that follows, the 
noninverting input is biased through a resistor voltage 
divider, but the source potential is Vo. Thus, V2 will always 
be a fraction of Vo, and of the same polarity. That configu- 
ration (see Figure 3C) is sometimes called a Schmitt trigger. 

Monostable multivibrator circuits 
The monostable multivibrator (MMV) has two permissi- 

Graph illustrating the output of the comparator as the noninvert- 
ing input is biased to a positive V2. 

- -- 

Basic schematic of a Schmitt trigger. 

ble output states (HIGH and LOW), but only one of them 
is stable. The MMV produces one output pulse in response 
to an input trigger signal (see Figure 4). The output pulse 
(Vo) has a duration, T, in which the output is in the quasl- 
stable state. The MMV is also known under several other 
names: one-shot, pulse generator, and pulse stretcher. The 
name "pulse stretcher" is derived from the fact that the out- 
put duration (T) is longer than the trigger pulse (T > Tc). 

Monostable multivibrators have a wide variety of appli- 
cations in electronic circuits. Besides the pulse stretcher, 
the MMV also serves to lock out unwanted pulses. Photo 
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Figure 5A shows the circuit for a nonretriggerable 
monostable rnultivibrator based on the operational amplifier. 
This circuit is based on the voltage comparator circuit dis- 
cussed earlier. When there's no feedback, the effective volt- 
age gain of an op amp is its open loop gain (Avol). When 
both -IN and +IN are at the same potential, the differen- 
tial input voltage (Vid) is zero, so the output is also zero. 
But if V(-IN) doesn't equal V(+IN), the high gain of the 
amplifier forces the output to either its positive or negative 
saturation values. If V(-IN) > V(+IN), the op amp sees a 
positive differential input signal, so the output saturates at 
-Vsat. However, if V(-IN) < V(+IN), the amplifier sees a 
negative differential input signal, and the output saturates 
to +Vsat. The operation of the MMV depends on the rela- 
tionship of V(-IN) and V(+IN). 

There are four states of the monostable multivibrator that 
must be considered. They include the stable, transition, 
quasi-stable, and refractory states. 

Stable state 
The output voltage Vo is initially at +Vsat. Capacitor C1 

The monostable multivibrator responds to only the first triggered attempts to chargein the ~ositive'going direction because 
input until the MMV is reset. +Vsat is applied to the R1C1 network. But because of diode 

CR1 shunted across C1, the voltage across C1 is clamped 
to +VCR1 (for a silicon diode like the IN914 or 1~4148, 
+VCR1 is about +0.7 volts DC). Thus, the inverting input 

, (-IN) is held to +0.7 volts DC durina the stable state. The 

I 
. , 

-I I--r+ 
I noninverting input (+IN) is biased to a level V1. which is: 

M = 
R3 (+ bat) 
R2 + R3 

(6) 

or, in the special case of R2 = R3: 

M = + bat 

2 
(7) I vl = + bat 

I L 

I I 

Output of a monostable multivibrator (one shot). Vt is the input 
trigger voltage and Vo is the output response. 

I 1 / 1 =  R3 (+ bat) (61 

A shows that the output responds to only the first trigger 
pulse. The next three pulses occur during the active time, 
T, so are ignored. Such an MMV is said to be "nonretrig- 
gerable." A common application of this feature is in switch 
contact debouncing. All mechanical switch contacts 
bounce a few times on closure, creating a short run of 
exponentially decaying pulses. If an MMV is triggered by 
the first pulse from the switch, and if the MMV remains 
quasi-active long enough for the bouncing to die out, then 
the MMV output signal becomes the debounced switch clo- 
sure. The main requirement is that the MMV duration be 
longer than the switch contact bounce pulse train; 5 ms 
is generally considered adequate for most switch types. 

Schematic of a non-ntrlggerable monostable multlvlbmtor 
(one-shot). 

Ham Radio/September 1989 67 



7 VOLTS 

I 

"0 0 

-vsar  

Graphical representation of the various voltages associated with 
the monostable muitivibrator. 

The amplifier (Al) sees a differential input voltage (Vid) of 
V1 - VCRI, 01 V1 - 0.7 volts: 

Vid = 
R3(+Vsat) - 0 . 7  
R2 + R3 

(8) 

- - -  

As long as V1 > VCRI, the amplifier effectively sees a 
negative DC differential voltage at the inverting input, so 
(with its high open loop gain) Avol will remain saturated at 
+Vsat. For this discussion, the amplifier is a type 741 oper- 
ated at DC power supply potentials of +12 volts DC, so Vsat 
will be +I0 volts. 

T 

OUASI-STABLE , 

Transition state 
The input trigger signal (Vt) is applied to the MMV of Fig- 

ure 5A through RC network R4C2. The general design rule 
for this network is that its time constant should be no more 
than one-tenth the time constant of the timing network: 

At time TI (see Figure 56) trigger signal Vt makes an abrupt 
HIGH to LOW transition to a peak value less than V1 - 0.7 
volts. Under this condition, the polarity of Vid is reversed 
and the inverting input sees a positive voltage: V1 + Vt -0.7 
c VCR1. The output voltage Vo now snaps rapidly to -Vsat. 
The fall time of the output signal is dependent upon the 
slew rate and the open-loop gain of the operational ampli- 
fier, Al. 

Quasi-stable state 
The output signal from the MMV is the quasi-stable state 

between TI and T2 in Figure 58. It's called "quasi-stable" 
because it doesn't change over T = T2 - TI. But when 
T expires, the MMV "times out," and Vo reverts to the sta- 
ble state (+Vsat). 

During the quasi-stable time, CR1 is reverse biased and 
capacitor C1 discharges from +0.7 volt DC to zero, and 
then recharges towards -Vsat. However, when -Vo reaches 
-V1, the value of Vid crosses zero, and that change forces 
Vo to snap once again to +Vsat. 

Equation 4 makes it possible to derive the timing equa- 
tion for the MMV. The timing capacitor must charge from 
an initial value (Vcl) to a final value (Vc2) in time T. What 
value of RlC1 will cause the required transitions? Consider 
the case R2 = R3 (V1 = 0.5 Vsat): 

bat - Vc2 
[bat - w] 

RlCl = - T  

L.n (1 0) 

RlCl = - T  

LA (11) bat - ((0.5) (bat  + 07)L 
bat  - 0.7 1 

and, for the case Vsat = 10 volts DC: 

OI [ 10 V - ((0.5) (10 + 0.7)) 
10 v - 0.7 volts 

Thus, 
T = 0.69RlCl (13) 
Equation 10 represents the special case in which B = 

112 (i.e., R2 = R3). Although R2 = R3 may be the usual 
case for this class of circuit, R2 and R3 might not be equal 
in other cases. A more generalized expression is: 

RC = L.n [ 1 + 0.7/Vsot ] 
I - B  (14) 

In which: 

When the quasi-stable state times out, the circuit status 
returns to the stable state, where it remains dormant until 
triggered again. 

Refractory period 
At time T2, the output signal voltage Vo switches from 

-Vsat to +Vsat. Although the output has timed out, the 
MMV isn't ready to accept another trigger pulse. The refrac- 
tory state between T2 and T3 is characterized by the out- 
put being in the stable state, but the input is unable to 
accept a new trigger input stimulus. The refractory period 
must wait for the discharge of C1 under the influence of 
the output voltage to satisfy V1 < (V1 - 0.7 volts). In prepar- 
ing this article, I built several MMV circuits using 741 op 
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Top trace shows the output voltage (Vo) and the bottom trace shows 
the trigger voltage (Vt). 

R4 - 0 - VREF 

v ,  n 
J F E T  

\ I  C1 
0 / I  

I C J 

Vo is superimposed on the capacitor voltage (Vc). I 

amps operated from +12 volt DC power supplies. Photo 
B shows the output voltage (Vo) and trigger pulses (Vt). In 
Photo C the output pulse is superimposed on the capaci- 
tor voltage (Vc). The refractory period is shown as the 
increasing segment of Vc. 

Retriggerable monostable multivibrators 
The circuit in Figure 5A is a nonretriggerable MMV. Once 

it's triggered, the circuit won't respond to further trigger 
inputs until after both the quasi-stable and refractory states 
are completed. A retriggerable monostabie multivibrator 
(RMMV) will respond to further trigger signals. 

Schematic of a basic retriggerable monostable multivibrator. 

Figure 6 shows the response for the retriggerable MMV. 
An initial trigger signal (Vt) is received at time TI. The out- 
put snaps LOW and, under normal circumstances, would 
remain in this quasi-stable state until time T3, when the dura- 
tion T expires. But at time T2, a second trigger pulse is 
received. The circuit is now retriggered for another dura- 
tion T, so it won't time out until T4. The total time that the 
RMMV is in the quasi-stable state is [T + (T2 - TI)]. In other 
words, the RMMV output is active for the entire duration 
T, plus that portion of the previous active time which expired 
when the next trigger pulse was received. 

Figure 7A shows the circuit for a simple RMMV based 
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+IN is a fractionif +Vref.  hat is, [ ( ~3 ) (+~ re f ) l ( ~2  + R3)]. 
The potential applied to -IN is a function of +Vref and time 
constant R1C1. If the circuit isn't triggered at turn on, capac- 
itor C1 charges up to +Vref, so -IN is more positive than 
+IN. This situation forces Vo to -Vsat, which is the stable 
state. When a positive-going trigger pulse (Vt) is received 
(see Figure 7B), it biases junction field effect transistor 
(JFET) Q1 hard on. The JFET drain source channel resis- 
tance drops very low, causing C1 to discharge rapidly 
between TI and T2. With Vc close to 0 volts DC, +IN is more 
positive than -IN, so the output snaps abruptly to +Vsat 
at time TI. During the interval T2 to T3, capacitor C1 begins 
charging towards +Vref, and Vo remains at +Vsat. How- 
ever, once Vc reaches +V1, the output of A1 snaps back 
to -Vsat. 

The duration, T, is found from: 

The operation I just discussed, which is depicted in Fig- 
ure 78, is for normal nonretriggered operation. Figure 7C 
shows the retriggered case. Here the RMMV receives a sec- 
ond trigger pulse at time T2, which forces the JFET Q1 to 
turn on again, and rapidly discharge CI. The charging proc- 
ess then starts over again, and continues until the circuit ' times out - unless afurther triaaer ~ u l s e  is received. 

Response graph of the non-retriggerable monostable multivibrator. The RMMV is commonly used7n alarm or sensing cir- 
cuits. It's triggered by some external event, and will con- 
tinually retrigger as long as that event keeps occurring. If 
no event is sensed ~ r i o r  to time-out, the RMMV returns to 

I I 

Response graph of the retriggerable monostable multivibrator. 

every time a carrier drop is sensed. But if the same carrier 
stays on too long, the MMV "times out" and sends a sig- 
nal to the circuit that turns off the transmitter for a short "rest 
period." 

Part Two.. . 
Now that you've had a refresher on RC networks, volt- 

age comparators, and monostable multivibrators, it's time 
to move on to astable multivibrators. But, alas, the Editor's 
MMV "timed out" for this month, and we'll have to wait for 
part 2 to talk about the AMV circuit. 5 

"ONLINE" U.S. CALL DIRECTORY 

HamcaN service gives you all hams via 
your computer & modem. Updated each 
month! Only $29.95 per year. Unlimited 
use - you pay for phone call. 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlneral, Virglnla 231 17 
7031894-5777 vlsalmc 8001282-5628 
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AGC CIRCUIT 
Add this circuit to your 
Kenwood TS-940s or TS-930s 
for DATAIRTTY reception 

By W C. Louden, W8WFH, 1915 Temblethurst 
Road, S. Euclid, Ohio 44121 

A utomatic gain control (AGC) circuits are used in amplifier stages and maintains audio that's nearly constant 
receivers to adjust the gain of RF and IF amplifiers with the varying strength of the input signal. 
automatically. This prevents overdriving of the When propagation conditions are good, interference from 

H I  

OUT 

LOW 

GATE 

7.5-MHz pulse generator. 
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atmospheric noise is minimal, and adjacent channel chat- 
ter from other signals is low, any AGC circuitry will provide 
satisfactory results for most modes of reception. However, 
when fading is prevalent. or atmospheric noise increases 
due to summer electrical storms and adjacent channel chat- 
ter builds up, it's important to improve the design of the AGC 
system. While even a well-designed AGC system won't take 
the place of an effective noise blanker, it will supplement 
the blanker and let you receive information you'd lose in 
the presence of adverse conditions. 

I realize that many of you may question the efficacy of 
changing an AGC system like the one in the TS-940s. Since 
the system doesn't generate any clicks or pops and works 
satisfactorily for SSB, AM, and CW, consider that chang- 
ing it runs contrary to the old adage "If it ain't broke don't 
fix it." My question to you is: does it work well enough for 
data communications - RTTY, AMTOR, and packet? After 
a year or more of careful record keeping and diagnosis, 
I concluded the system wasn't effective enough. I found that 
nearly every case of an RTTY "hit" or error in the copy had 
occurred on days when there was static from electrical 
storms. The major portion of the static was in the form of 
short duration noise pulses. While you might expect that 
such static errors would result from the addition of bits of 
data, most of the hits were caused by a loss of bits. I deter- 
mined this by referring to the Teletypewriter Code and 
Garble Table. 

I found these hits puzzling. If the receiver was blanking 
on or after noise pulses, why couldn't the blanking action 
be heard as it occurred? I reasoned that if the blanking 
action was of short duration, it could be "seen" even though 
it couldn't be "heard." I connected an oscilloscope to the 
audio output, tuned the receiver to a vacant frequency, and 
watched the static pulses. I saw nothing of significance until 
I inserted a data signal using the 100-kHz calibration stan- 
dard. I tuned the receiver to obtain a 2300-Hz audio tone 
and synchronized the scope to the tone. As I watched a 
static pulse, I could see the noise peak. But there was a 
loss of audio information immediately following the peak 
which lasted from 4.5 to 12 ms, depending on the position 
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TS 940s AGC system. 

of the AGC switch. I found that the "fast" position AGC was 
slower in recovering than the "slow" position. 

The data loss period is made up of the sum of three time 
intervals. The first is due to the duration of the noise pulse. 
The second is the circuit group delay (the time it takes the 
AGC to start to react to the nose pulse), which is about 
1 ms according to Rohde.' The third interval is the recov- 
ery time of the AGC. When the total of these three intervals 
is an appreciable part of the length of time it takes for a 
bit to be sent, the bit is lost. The duration of the noise pulse 
is an act of nature and, unfortunately, uncontrollable. The 
circuit group delay depends upon the number of resona- 
tors, and varies inversely with the bandwidth. It can't be 
changed without making sacrifices. But you can modify the 
AGC's recovery time. 

Once I understood the problem, I listened closely to the 
receiver and noted that the lag in AGC recovery immedi- 
ately following the static pulse caused a momentary quiet- 
ing of the receiver. This, in turn, caused the loss of data 
bits. I decided that a reduction of the AGC's recovery time 
was required. It was necessary to come up with a repro- 
ducible test in order to work on the problem. I needed a 

test that would provide a pulse duplicating the effect of a 
static pulse on the receiver, so I wouldn't have to rely on 
electrical storms to measure my progress. 

I devised the pulse generator shown in Figure 1. It has 
a 7.5-MHz crystal oscillator gated on for 2.5 ms at 2 Hz. 
The low pulse rate allows the AGC system to recover 
between pulses. None of the other parameters are critical. 

The 7.5-MHz crystal came from my junkbox; the circuits 
are from QSF and The 555 Timer Applications Sourcebook 
with Experiments.3 There's a broadly tuned circuit in the out- 
put which transforms the TTL voltage down to a usable 
value. I've provided outputs for the high and low level 
7.5-MHz RF pulse and for the gate pulse. I built the gener- 
ator on a Radio Shack perforated circuit board and 
mounted it in an aluminum box. I used a commerc~al 
60-dB T pad attenuator with ~t to further reduce the gener- 
ator low output. 

The generator provided acalibrated "noise" pulse, similar 
to a static pulse in its effect on the receiver when connected 
to the antenna input. I observed considerable rounding off 
of the pulse envelope with the oscilloscope connected to 
the output of the 8.83-MHz, 455-kHz, and 100-kHz IF. This 

74 Ham Radio/September 1989 



I TS-940s AGC circuits I 

is to be expected in any transceiver with a narrow band- 
width similar to the TS-940s. 

After I made my preliminary observations, I decided to 
make some changes in the AGC circuit and get some on- 
the-air experience. Details of the TS-940s AGC circuitry 
(reprinted with permission from the Kenwood Service 
Manual) are shown in Figure 2. I've found it convenient to 
think of this part of the AGC system as being made up of 
four "sections" of related components. Table 1 lists the key 
components used in the various sections, along with the~r 
nominal functions. 

An incoming IF signal provided at A of Figure 2 is recti- 
fied and doubled. A positive voltage is produced on the 
base of Q19. The voltage, which operates time constant 
sections 1, 2, and 3, comes from B and is established by 
setting the RF gain control. Current flows to Q19 through 
R148 and R150. When the AGC is turned on, the drive to 
the AGC system at A sets the Q19 base voltage. This, in 
combination with the voltage from B and the drop through 
R148 and R150, establishes the collector current through 
Q19. When a19 is driven harder by the IF signal (including 
noise pulses) Q19's collector goes down, dropping the volt- 
age at the junction of R148 and R150. This causes the AGC 
circuits to react and lowers the AGC voltage at H to affect 
the transceiver's gain. The attack and decay of that volt- 

Section Components 
1 R148 (1.0 k) 

C127 (0.22 pF) 
R149 (68 k) 
C126 (0.1 pF) 
R150 (2.2 meg) 

2 C128 (0.1 pF) 
3 C130 (1.0 pF) 

R153 (33 k) 
4 Q23 FET 

024 
Q25 

Function 
attack and fast 
AGC circuit 

Q19 load resistor 
AM AGC time constant 
slow AGC 

AGC RC net isolation 
AGC amplifierldrlver 
AGC line driver, TIR 

age is determined by the components of the three sections. 
In section 1, the attack and fast AGC components are 

fixed. They function in parallel with the slow components 
of section 3 when FET Q22 is switched on in the slow AGC 
position by the application of +12.7 volts to R155. When 
the transceiver is switched to AM receive, +12.7 volts is 
applied to R152 at terminal C, toggling Q21 on and con- 
necting C128 in parallel with section 1. Kenwood recom- 
mends the slow AGC (sections 1 and 3) for most operating 
modes except AM. 

This entire circuit has other functions beside supplying 
the AGC bus voltage at terminal H. For example, when you 
adjust the manual RF gain control, the voltage at terminal 
B varies from +4.0 to +1.0 volts and establishes an oper- 
ating voltage to the RF and IF stages through the Figure 2 
circuits. Also, when the transceiver is keyed to the transmit 
mode terminal G goes to 0 volts, reducing conduction 
through Q25, causing H to be driven to -4.0 volts, and cut- 
ting off the receiving RF and IF stages. 

Using these observations as a starting point, I consid- 
ered how I might approach the task of improving the data 
communications performance of the transceiver without 
altering the equipment's general circuit performance and 
original design concepts. 

I isolated the AGC system from the RF and IF stages of 
the receiver by applying the square wave gating pulse (no 
RF) directly to the AGC input at the Q19 base. I used a 
10-meg scope probe to prevent circuit loading. Figure 3 
shows how the original AGC system responds to the pulsed 
input as measured at terminal H. Under these test condi- 
tions (2.5 ms pulse at 2 Hz), the slow AGC position recov- 
ery time is less than that of the fast position. The longer 
the recovery time, the greater the probability that a bit of 
data will be lost. 

These measurements don't include the time required for 
the IF stages to respond to the AGC voltage, so I also made 
measurements with the 7.5-MHz pulse applied to the 
receiver antenna. They indicated that the RF output of the 
100-kHz fourth IF followed the curves in Figure 3 closely. 
Test procedures maintained the signal below S9. Your oper- 
ating procedures can also keep the input signal below S9 
most of the time if you use the 30-dB input attenuator - 
an important part of the TS-940s. 
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A - "FAST" AGC 

8 - "SLOW" AGC 

C - NEW "FAST" AGC 

HORIZONTAL SCALE = Zms /D l  V 

VERTICAL SCALE = 0 . 5 V / D I V  

Z .5ms SOUARE- WAVE PULSE at .?Hz APPLIED TO BASE 
OF 0 1 9  

Graphic display of oscillogram of AGC voltage developed with 
applied 2.5-ms pulse. 

CONNECT TO JUNCTION OF 
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X R 1 5 0  AND 12126 R73O AND VR29 

Y AGC sw 'FAST' CONTACT 

Z R I 5 4  I -JZ .7VI  R738  I - I Z V )  

New FAST AGC circuit for TS-940s and TS-930s. 

In accordance with the design approach to reduce the 
AGC recovery time, I examined the RC time constants of 
section 1. Q19 load resistor R150 controls the recovery rate 
or discharge time for C127 and R149, the fast AGC circuit. 
Reducing the value of this resistor decreases the recovery 
time. I chose a value of 10 k. Figure 3 shows the recovery 
time when it's paralleled with R150. When the AGC RF-IF 
amplifier loop circuit is closed, the amplitude of the AGC 
voltage tends to be normalized due to the gain of the loop, 
and curves A, B, and C fall on top of one another - except 
for the recovery times. 

Before I go on, I'd like to note that I found an error in my 
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Kenwood Service Manual. The circuit diagram for the IF 
unit (X48-1430-00) doesn't agree with the pc board in my 
transceiver. The position of R150 was interchanged with 
R149 on the diagram in the manual. Figure 2 in this article 
shows them correctly. Some serial numbers of the 940 show 
R149 changed from 150 k to 68 k. 

You could change R150 to 10 k permanently but this 
would also affect the slow AGC, and that circuit IS satisfac- 
tory for all other modes of operation. I used an approach 
which didn't alter the original circuit or circuit board. There's 
an unused contact on the AGC switch in the fast position 
(see Figure 2). 1 used this to actuate the circuit shown in 
Figure 4. I've included a table of connections for applica- 
tion to the TS-940s that you can make without removing 
the IF circuit board. 

When you move the AGC switch to the fast position, the 
gate of switching FET Q1 is made positive and R1 is con- 
nected in parallel with R150. With the AGC switch in the 
slow position, the circuit is unaltered. Inserting a single pin 
connector in the Y lead lets you return the entire system 
to the original configuration by disconnecting that lead. 

Construction and installation 
The parts for the circuit in Figure 4 are mounted on a 

piece of Radio Shack circuit board slightly larger than a 
postage stamp. This is fastened to the IF unit with foam 
mounting tape. 

Remove the bottom cwer to access the IF unit, X48-1430-00. 
The location of every component is marked. You can make 
all connections to the IF unit on the exposed side of the 
board. Carefully clean the paint from the resistor leads and 
tack solder the wires of the new circuit to the exposed leads 
as indicated. 

Remove the top and bottom covers to gain access to the 
contact on the AGC switch. Then remove two flat-head 
screws from each side of the front hinges so the front panel 
swings away from the chassis. Provide support for the front 
panel during this step to prevent damage to the panel or 
controls. Solder the wire lead Y shown in Figure 4 to the 
spare contact using a small iron and low heat. Use the 
TS-940s service manual to locate the IF unit and the com- 
ponent parts. 

Recommendations for modifying 
the TS-930s 

I did much of my initial work and record keeping with 
the TS-930S, before the TS-940s became available. As far 
as recovery time is concerned, I found the performances 
of the AGC systems much the same. The TS-930s AGC sys- 
tem may be modified using the same principles I used for 
the TS-940s. Figure 5 is the TS-930s AGC system shown 
in the service manual. This system is very similar to the 
TS-940s. Operation is the same as that of the TS-940s and 
doesn't warrant additional explanation. The AGC switch is 
the same in the two models, so there is a spare blank con- 
tact available to operate the new fast AGC circuit. The table 
in Figure 4 shows the connections to the TS-930s for the 
new circuit. 

On-the-air testing 
Preliminary tests showed that the 8.83-MHz filter is 

"shock1' excited to oscillation at its resonant frequency by 
the 7.5-MHz pulse applied to the receiver antenna. This 

A - I-F INPUT 

8 - S METER 

C - + v  
D - + V  FOR A M  

E - +V FOR AM 

TS930S AGC system. 

lengthened the pulse and countered the short recovery time 
by increasing it. Oscillation occurs whether the slow AGC 
is on or the AGC is off; it just becomes more obvious with 
the new fast AGC. Static pulses act in the same manner 
to cause oscillation. 

I then investigated the noise blanker to determine if it 
would act to blank such pulses and prevent the oscillation 
from degrading the recovery time. (Noise blanking occurs 
before the 8.83-MHz filter.) NB2 was very effective in blank- 
ing the repetitive 7.5 MHz-pulse and in blanking similar sin- 
gle static pulses. Not all static was blanked, but not all static 
causes ringing. The noise blanker does act to prevent oscil- 
lation; set the level control between 0 and 2 for best results. 

The slow AGC figure of merit, the change in audio out- 
put with increased signal ~trength,~ is 0 dB for signal levels 
from 1.55 pV to 1.55 pV + 110 dB. The new fast AGC causes 
an increase of 3 dB for the same signal range. This isn't 
significant. 

My RTTY reception improves dramatically when I use the 
new fast circuit during the noisy summer months. Fast fad- 
ing effects are reduced - the circuit recovers fast enough 
to compensate. I do notice a raspy quality on voice com- 
munications. This isn't a problem on RTTY because the 
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signal is like a continuous carrier. When an adjacent SSB Acknowledgments 
signal tends to control the AGC and prevent reception of I'd like to thank Allen F? Haase, W2ECA, and ?ohn A. 
the wanted on-channel signal, I can switch on the new fast Kiener, W8AVH, for their expert assistance in the prepara- 
AGC. This a[lows copy between voice peaks of the other tion of this article. 
signal, and generally works unless the other station turns 
on its voice processor. If conditions are good, I switch on 1 Ulrtch Rohde. "Vndersland~ng and Handl~ng No~se:' HAM RADIO November 1986, page 10 

the slow AGC for the best voice quality, However, the new 2 Ken Powell. "The Weekender-A S~mple Crfllal Callbrator:' OST July 1979. Page 38 
3 Howard M Berl~n. The 555 T~rner Appfrcal~ons Soorcebook wflh Experrrnenk. Sams. page 107 

fast AGC outperforms the slow One for DATAIRTTY reception. 4 Wes Hayward and Doug DeMaw. sobd-stale Destgn lor rhe R , ~ , o  Amateur ARRL. page 94 

J 
4 

INDUSTRIAL UAUTY .. I REPLACEMENT AllERIES 
FOR COMMUNICATIONS 

Nickel-Cadmium.Alkaline.lithium.etc. r 

- 

Repair Packs For 
I C O M - .  KENWOOD. YAESU. 
SANTEC. AZDEN. TEMPO. 

.... CORDLESS PHONES AND M O R E !  

NEW! I.C.E. PACK $4gg5 

0 K 

R728 
2 70 

E V E R E l l  H YOST KB9XI 
7344 TETIVA RD 

SAUK CITY, WI 53583 
ASK FOR OUR CATALOG 

(6081 643-3194 

N E W  JEn.mV 

OMOWE 
IS GOMPUUEW FEST 

-1 

VR30 
l0k 

SUNDAY, OCTOBER 15, 1989 

F r e e  Parking 111111 K f .  1ISllNC 

I 
F -  -V 

G - -V 

H - AGC LINE SLOW o OFF 
F4ST 

1 - + V To RECEIVE. 0 V TO MUTE 

J - + v  
K - RF GAIN CONTROL 

,'R730 
::2.2A4 

TALK-IN FREO. RPTR 146 110-6 * C * O / n  
SUPLX 146 1 2 0  

FLY-IN FREO, UNlCOU 123 000 

SPONSORS 00,a.m stat. L R A ,  J.rl.v Shore A R S .  

I 

a:, :. 

P O  .OX .SO CAlONlOWN, N C W  J L R S C V  0 7 1 2  4 

516F2 SUPPLY 

R739 
look 

,t R743 
a; 22 k 

R744 
look 

- - 

+-C510 

Colllns 516F2 PowaSupply 
for S-Line transm~tters. 
gov't surplus. W ~ t h  tubes 
5U4 8 5R4. cabinet. and ca- 
bles. 34 Ibs. sh wt. m 

+ 

................... Used $99.50 
. 

(For choice of cabinet emblem, add $10 00) 
516F2 without cabinet and tubes. 23 Ibs. sh. #NC- 
51fiF2, used ....................................... .%9.50 

C542 r - 0 . 1  
7 7 0 . 0 2 2  50V 

50 V 

516E2 DC Supply, solid-state 
/ un~t powers S-L~ne  from 24-28 

' :  VDC input: 24 Ibs. sh. 
....................... -_) ..? Used $49.50 

a i a - 4) 

b 

Prices F.0 8 Lima. 0 . VISA. MASTERCARD Accepted 
Allow lor Shipping. Write lor 1989 Catalog 

Address Oepl. HR . Phone 419f227.6573 



PRODUCT REVIEW 

PC HF FACSIMILE 
VERSION 4.0 

PC HF Facw-n~le Vers~on 4 0 from Software 
Systems Consult~ng makes a n~fty addlllon to 
your ham shack It can be used for capturing 
Weather Fax and other Fax formats frorn the HF 
bands without any hardware but your MS-DOS 
compatible computer John Hoot. N6NHP has 
developed a software program that, wtth the ald 
of a s~mple analog to d~gltal demodulator can 
capture real ttme facstmtle Images uslng your 
computer's own power 

The mlnlmum system requirements to run the 
PC FAX program are 

MS-DOS compatable computer wtth 
384K memory 
CGA, EGA HGA, or VGA card and mon~tor 
One sertal port 
Opt~onal prlnter for hard coples 
MS-DOS Version 2.1, or higher 
A good HF recelver 

The AID demodulator has a 118-lnch phone 
jack on one end that connects to the earphone The 80-page user's manual Included In the announced its formallon for the f~rst time! 
or speaker output of your radio: the other end package 1s well wrttten and makes 11 easy to be Once Images are captured, they can be d~s-  
has a female DB25 connector, whlch IS c o n  up, runnlng, and captur~ng your first Image In played In a varlety of ways. Images can be 
nected dlrectly to the serial port of the PC. (The less than a half hour It was truly excltlng when vlewed In color or 16 shades of grey (EGA or 
software supports either COMl or COM2) You 
also get a cassette tape to help you recognize 

FAX s~gnals and check out the PC FAX program. 
The software w~lt run from a floppy or can be 

Installed on a hard dlsk. E~ther way, once you've 
loaded the program, the Interactive menus make 
ustng the PC FAX program a snap I flrst used 
PC FAX w~th a CGA card and monltor and was 
qu~te Impressed Later, I replaced my CGA sys- 
tem w~th an EGA card and monitor It made a 
great d~fference - espec~ally on the satellite 
photos 

I got my recept~on system golrig Ihe f~rst time 
Us~ng the Autostart feature whlch lets the pro- 
gram run unattended, was even better The pro- 
gram can be conftgured to watt for a start tone. 
capture a frame wrlte the frame to dlsk, Walt for 
the next frame, and so on 

The mornlng after I flrst used the Autostart fea- 
ture. I rev~ewed the 12 frames captured from the 
prevlous n~ght's operat~on Among them I found 
a photo of the enttre Earth taken w~th Infrared 
sensors It showed a newly formed trop~cal 
storm Later that mornlng, the weather men 

VGA), l~glitened or darkened, zoonled Iri on, or 
converted to PCX format flles for edtt~ng by Pa~nt 
programs or lmportlng to many other programs, 
llke desktop publ~sh~ng 

For more ~nformat~on on PC FAX Facslmtle 
Verston 40  call or wr~te John Hoot. N6NHR at 
Software Systems Consulting, 1303 S Ola V~sta 
San Clemente Cal~forn~a 92672 Phone 
(714)498-5784 

de NlGCF 

S-COM 5K Repeater 
Controller 

I d  been plannlng to buy an S-COM 5K 
Repeater Controller ever stnce my frtend Joel. 
WAIZYX, got one for h ~ s  443800 repeater 

Once I saw Joel's 5K, I couldn't Walt to order 
my own It f~nally arr~ved, and I opened the box 
w~th great antlclpat~on One box contained the 
navdtsplay rack-mount cablnet w~th 5K controller 
(vl 3, SIN 681) and the audto delay module 
mounted ~nslde 11, one RS232 connector 25P 
male plug and hood, and the power connector 
to prov~de +12 to 15 volts to the cab~net The 
second box held a custom 3-rlng notebook wlth 
documentat~on on the 5K, schemat~cs, and 
Instructtons for hooklng the 5K controller to three 
d~fferent repeaters (more In the maktng I under- 
stand) It also had lnformat~on uslng the 5K as 
a beacon and a clrcult for pos~t~ve voltage 
TX keylng 

The front dlsplay rack mount panel (1-314" x 
19") IS covered In chlp-res~stant black anod~zed 
patnt There are twelve red Hewlett-Packard 
AlGaAs LEDs to track ~mportant clrcult status 
data l~ke recelver COR (RX), transmitter PTT 
VX). CTCSS decoder (PL) control receiver COR 
(CT), DTMF data valld (DV), power on (ON) loglc 
Inputs 1. 2, and 3 (11. 12. 13). and logtc outputs 
1.2. and 3 (01.02.03) These LEDs feature hlgh 
llght output wh~le consuming only 1 mA each. 
wh~ch makes them perfect for natural power 
sites Should you experience a power fallure all 
data except t~me and date 1s saved In non-volat~le 
memory 

A conductive ~r~d~um-plated chass~s box 
reduces RFI and houses the 5K board, d~splay 
board, and audlo delay module I removed the 
SIX metal screws and took a look lns~de The 
audlo delay board 1s mounted to the Ild of the 
box, the 5K board on the bottom, and the dls- 
play module on the front panel The two boards 

and the module are connected by rtbbon cables 
and connectors A DB25S lnpuvoutput connec- 
tor (female) and a 2 5-mm DC power jack are 
rnounted on the rear of the 5K board and pro- 
ject through the back of the chassls box The 
power Input has a TranzorbTM suppressor and 
a ferr~te bead, there are bypass capacrtors on 
all tnputs and outputs, and all power MOSFETS 
(log~c outputs) have Transzorbs connected to 
them 

All the commands can be ~mplernented with- 
out a lot work Take Send ID, for Instance 99 55 

causes the ID to come on In thls case ~t's "ID" 
because I haven't programmed my callstgn In 
yet (The 5K 1s good, but not that good ) 99 11 

causes the next message to be sent at a slow 
rate - default. 15 wpm The normal rate IS 20 
wpm Both can be changed A page In the CW 
sect~on gtves every letter and number a num- 
ber code, each punctuation mark and CW 
speed IS also ass~gned a number. Each com- 

(Continued on page 84.) 
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IC-781 

HF Equipment 

IC.781 Super Deluxe HF Rig 
lC.765 New. Loaded with Features 
10.735 Gen Cvg Xcvr 
IC.751A Gen Cvg xcvr 
lC-725 New Ultra.Compact Xcvr 
IC.575A 10m16m Xcvr 

Recelven 
IC.R7MX) 25.1300 +MHz Rcvr 
IC.R71A 100 kHz-30 MHz Rcvr 

VHF 
IC.228AIH New 25145~ Mobiles 
IC.275AIH 501100~ All Mode Base 
IC.28AIH 25145~. FM Moblles 
IC.2GAT. New 7w HT 
IC.2SA New Micro Sized HT 
IC-900 SIX Band Moblle 
IC.901 New Remote Mount Mobile 

UHF 
IC.475AIH 25175~ All Modes 
IC.48A FM Mobile 25w 
IC-4GAT. New 6w HT 
lCO4AT FM HT 
IC.32AT Dual Band Handheld 
IC-3210 Dual Band Moblle 
IC-2500A FM. 44011.2 GHz Mobile 

210 MHz 
IC.375A All.Mode. 2 %  Base Sta 
IC.38A 25w FM Xcvr 
IC-37A FM Moblle 2 5 ~  

1.2 OHx 
IC.12GAT Super HT 

List Juns 

$599500 Calls 
3,14900 Call S 
109900 Call S 
I699 00 Call S 
94900 Call S 

139300 Calls 

119900 Call S 
999 00 Call S 

509.1539 Call S 
129911399 Calls 

469 1499 Call S 
429 95 Call S 
41900 CallS 
63900 Call 5 

TBA CallS 

1399 11599. Call S 
509.00 Call S 
44995 Call S 
44900 Call S 
629 95 Call S 
73900 Call S 
99900 Call S 

139900 Call S 
489 00 Call 6 
499 00 Call S 

529 95 Call S 

HF Equlpmenl 

TS-940SlAT Gen Cvg Xcvr 
TS.440SIAT Gen Cvg Xcvr 
TS.14OS Compact. Gen Cvg Xcvr 
TS680S HF Plus 6m Xcvr 
TL.922A HF Amp 

Recelven 
R 5000 100 kHz.30 MHz 
R 2000 150 kHz.30 MHz 
RZ 1 Compact Scann~ng Recv 

VHF 
TS.711~ AII Mode Base 25w 
TR-751A All Mode Moblle 25w 
TM-231A Moblle 50w FM 
TH.215A. 21-17 HT Has It All 
TH-25AT 5w Pocket HT NEW 
TM.721A2m170cm. FM. Moblle 
TM6212m1220. FM. Mob~le 
TM.701A 25w. 2m1440 Moblle 
TH.75A 2m170cm HT 

UHF 
TS.81lA All Mode Base 25w 
TR-85lA 25w SSBIFM 
TM.431A Compact FM 35w Moblle 
TH-45AT 5w Pocket HT NEW 
TH.55AT 12GHz HT 
TM.531A Compact 1 2 GHz Moblie 

220 MHZ 
TM 3530A FM 220 MHz 25w 

List Juns 

52499 95 Call S 
144995 Call S 
94995 Call S 

114995 Calls 
174995 Call S 

1049 95 Cali S 
799 95 Call S 
599 95 Call S 

1059.95 Call S 
66995 Cail S 
459 95 Call S 
399 95 Call S 
369 95 Call S 
72995 Call S 
729 95 Call S 
59395 Call S 
54995 Call S 

1,265.95 Can S 
771.95 Call S 
469.95 Call S 
38995 Call S 
524 95 Calls 
56995 Call S 

51995 Call S 
TM.321A Compacl25w Moblle 46995 Call S 
TH.315A Full Featured 2 5w HT 41995 Calls 

HF Equlpmenl 

FT.747 GX New Econom~cal 
Perlormer 
FT-757 GX I1 Gen Cvg Xcvr 
FT.767 4 Band New 
FL-7000 15m.160m Solid Stale Amp 

Receivers 
FRG-8800 150 kHz. 30 MHz 
FRG.9600 60-905 MHz 

VHF 
FT-411 New 2m "Loaded" HT 
FT.212RH New 2m. 45w moblle 
FT.290R All Mode Portable 
FT-23 R r f l  M~nn HT 

UHF 
FT.712RH. 70cm. 35w moblle 

VHFIUHF Full Duplex 
FT.736R. New All Mode. 2ml70cm 
FEX-736.50 6m, low Module 
FEX.736-220 220 MHz. 25w Module 
FEX.736.1 2 1.2 GHz. low Module 
FT690R MKII. 6m. All Mode, port 

Dual Bander 
FT.4700RH. 2m1440 Moblle 
FT-470 Compact 2m170cm Moblle 

Repeaters 
FTR-2410 2m Repeaters 
FTR.5410 70cm Repeaters 

List Juns 

W 9  95 Call S 
112995 Calls 
192900 Call S 
199500 Calls 

759 95 Call S 
69995 Ca!l S 

399 95 Call S 
459 95 Call S 
59995 Call S 
344 95 Call S 

1749 95 Call S 
25995 Calls 
27995 Call S 
539 95 Call S 
569 95 Call S 

88900 Call S 
55995 Calls 

- 
Call For These Quality Brand Names 

A L I N ~  E2 Kantronics MFJ t h n e p b  MIRACE/KLM TE srsrEmr 

I N S T A N T  CREDIT W I T H  I C O M  PREFERRED 
CUSTOMER C A R D  1. LIMITED QUANTITIES 

I ICOM ---m I IC-04AT ICel2AT 
440 MHz HT 1 2 G H z  F M .  HT 

SALE $299.95 SALE $339.95 

The Gmater Loulsvllle Harnfest Association 
presents 

THE 1989 LOUISVILLE HAMFEST 
AND 

ARRL Kentucky Section Convention 
September 30 & October 1,1989 

NEW LOCATION: 
Commonwealth Convention Center - 

Downtown Louisville 

EXCITING FORUMS: 
Wayne Green-W2NSD 
1988 Kingman ReefIPalmyra DXPedition 

by K9AJlKH5K 
Packet. Mars and more 
Test~ng 
Wuoff Hong 

LODGING OISCOUNFHVATT REGENCY 
AIRFARE DISCOUNT-DELTA AIRLINES 

AIR CONDITIONED EXHIBIT 6 FLEA MARKET AREAS 

For information write: 
LOUISVILLE HAMFEST 

POB 34444. Lou~sville KY 40232 

SERVICE MONITOR 
MEASUREMENTS MODEL FM 110 

C o v e n  all busmess channels f rom 30MHz t o  512MHz 
M o n ~ t o r  2uV frequency error d~sp lay ,  scope d e v ~ a t l o n  dlsplay 
Generator Cal lbra led output  up to 10mV. S ~ n a d  d~splay 
B u ~ l t - ~ n  Tone  Generator  

AMAZINGLY LOW 
PRICE OF O N L Y  $1 685.00 

F O B  - BATESBURG, SC m 

W E  ACCEPT VISA, MASTERCARD 8 AMERICAN EXPRESS 

AIE CORPORATION - MEASUREMENTS DIVISION 6 
PO BOX 70, BATESBURG, SOUTH CAROLINA 29006 (803)532-9256 



Take any 3 books for 
(values up to $165.85) 

! 
i Inhoductionb 
: Radio F r e q l  

RIE CD ROM HANDBOOK: Edited 
by Chrls Sherman. 510 pp.. INUS. Top 
author~t~es In the field ~rovide a com- 
plete survey of CD ROM technology. 
from the technical deta~ls of masterlna 
and manufacturing d~sks to the mal& 
appllcat~ons, error detect~on and cor- 
rectlon and data conversion 
565 783 Pub Pr . $59 95 

DIGITAL VIDEO I N  THE PC 
ENVIRONMENT Featuring DVI 
Technology By Arch C Luther 330 
pp rllus Dlscover full explanat~ons 
of v~deo, aud~o, and opbcal storage 
med~a and how to comblne them to 
create versatile, user fr~endly ~nforma- 
tlon systems wlth vast storage capac- 
~ t y  In thls useful gu~de 
391 769 Pub Pr , $39 95 

RADIO HANDBOOK. 2319. Edited 
by Wlll~arn I Orr 667 pp.  1.073 rllus 
and tables 7Yz x 10 lormat Expert 
contr~butors show you how to select. 
des~gn. bu~ld. test, and operate all 
klnds of equlpment, ~ncludlng mob~le. 
marlne, recelvlng, and electronlcstest 
equlpment In th~supdate of the classlc 
Handbook. 
584638- 1 Pub. Pr., $29.95 

EYERGENCYISTANDBY POWER 
SYSTEMS. Bv Alexander Kusko 288 
pp . 116 111~s' From spec~f~cat~ons to 
performance data, here's everythlng 
you need to know toevaluate the need 
for emergency power. and prepare to 
meet 11 Comprehensive help from 
equ~pment cholces to codes and 
standards 
356 890 Pub. Pr., $34.50 

AMATEUR RADIO: Theory  and 
Practice. By R. L. Shrader. 340 pp.. 
111~s. Here's a complete beginner's 
gu~de-requiring no prevlous back- 
ground In radio or electron~cs-that 
w~ll glve you the bas~c theory neces- 
sary to pass any and all of the FCC 
Amateur Rad~o License exams. 
571 465 Pub. Pr.. $28.95 

REGULATED POWER SUPPLIES. 319. 
By I. M. GoHl~eb 423 pp.. rllus. Th~s 
practlcal book provides you with 
everythlng you need to know to de- 
sign and use modern regulated sup- 
pl~es, including regulation techniques 
and detailed d~scuss~ons of actual 
clrcultry. 
585136.9 Pub. Pr.. $19.95 

when you join the VIDEO AND DE- 
SCRAMBLING FOR SATELLITE 
AND CABLE TV By R F Graf and 

PRACTICAL ELECTRONICS Ke2E:d E!hggie'P:f Z: 2: 
cryptlon and decrypt~on, to an over- 

BOOK CLUB 
vlew of government rules and regula- 
tlons, all the lnformat~on you need IS 
here In one convenient place 
585107-0 Pub Pr . $19 95 

Your one source for electronics books 
from dozens of different publishers 
the latest and  most useful information 
discounts of up to 40% off publishers' 
list prices 

UNDERSTANDING SECURITY 
ELECTRONICS. By J E Cun- 
nlngham Revrsed by J J Carter 292 
pp rllus The baslc prlnclples of elec- 
tronlc securlty systems, the~r appl~ca- 
tlon, and the pros and cons of every 
type of system are all covered In th~s 
easy-to-understand gu~de 
585119-9 Pub Pr . $15 95 

IBM PC PERIPHERAL TROUBLE- 
SHOOTING AND REPAIR By C J 
Brooks 272 pp . ~Nus Here's a com- 
plete gu~de to d~agnoslng and lsolat- 
Ing hardware fallures for dlsk drlves. 
v~deo-d~splay monitors, keyboards. 
modems, prlnters Prov~des step by 
step. devtce speclllc troubleshoot~ng 
routines, d~agrams, and flowcharts 
585098-2 Pub Pr . $19 95 

RADIO OPERATOR'S LICENSE Q b 
A MANUAL. l l l e .  By M Kaufman 
553 pp . rllus Thls class~c study gu~de 
has ever hlng you need to pass the 
new FC? General Rad~otelephone 
Operator Llcense exams-~nclud~ng 
the most recent FCC-type sample 
tests and all 1986 changes to the FCC 
exam 
585100-8 Pub Pr.$1995 

OPTOELECTRONICS: A Ted-Lab  
Manual .  By M Tlschler 213 pp., 
~Ilus These 32 clearly deflned expert- 
ments teach you how to use optical 
electron~c devlces and clrcults In elec- 
trlc power generation, data transmls- 
son. and telecommunlcat~ons Each 
experiment requlres only standard 
components 
647 860 Pub. Pr. $19 95 

EXPERIMENTS IN AMPLIFIERS. 
FILTERS, OSCILLATORS. AND 
GENERATORS. By M. Tlschler 170 
pp.. rllrjs. The use and appllcatlon of 
hear integrated clrcults are clearly 
demonstrated by these 35 experl- 
ments reaulrlna onlv standard com- 
merc~al arid ~ndustr~a~ grade parts. 
647 801 Pub. Pr.. $22.95 

CABLE TELEVISION TECH- 
NOLOGY By K T Deschler 262 pp . 
11lus Thls t~mely book covers all as- 
pects of cable televls~on operatlon, 
from the trad~t~onal llneman top~cs to 
satell~te antennas and f~ber optlc 
llnks Also Includes u~des to coaxlal 
cable testlno cASv terms and 
graphic symb61s. 
273 782 Pub. Pr., $18.95 

RF CIRCUIT DESIGN. By C Bowlck 
176 pp.  rllus Exper~enced rf clrcult 
des~gners look~ng for a practlcal ap- 
proach to the des~gn of rf ampl~f~ers. 
Impedance matchln networks, and 
filters will ffnd that t f ls lavishly ~llus- 
trated gu~de f~ts the bill 
5851 18-0 Pub Pr . $22 95 

SEMICONDUCTOR DEVICES By M 
Zambuto 402 pp . rNus Heres a well- 
organ~zed and up-to-date explanat~on 
of the physlcal mechan~sms of mod- 
ern sem~conductor devlces The cov- 
erage IS Intuttlve, mlnlmlzlng the use 
of quantum physlcs 
727 007 Pub Pr. $47 95 

BASIC TELEVISION AND VIDEO 
SYSTEMS. 519. By B Grob. 464 pp.. 
1111~s Emphas~zlng the prlnc~ples of 
operatlon and servlclng, th~s fully ~llus- 
trated, thorough book covers all the 
baslcs, lrom cameras, plcture tubes. 
and v~deo s~gnals to FM sound s~g- 
nals, cable televls~on, and f~ber optlcs 
249 334 Pub. Pr , $35 95 

PROGRAMMABLE LOGIC CON- 
TROLLERS. By F: D. Petruzella. 205 
pp.. rllus. Thls flrst look at Program- 
mable Loglc Controllers focuses on 
thelr prlnc~ples and offers practlcal In- 
forrnat~on on installat~on, program- 
mlng, and maintenance. Features wir- 
Ing diagrams. data manipulation and 
math ~nstructions, and troubleshwt- 
ing techn~ques. 
496'870 Pub. Pr, $28.50 



PRINCIPLES OF ACOUSTIC DE- 
VICES By V M Rlstlc 
583248-8 Pub Pr.$4695 
750 PRACTICAL ELECTRONIC CIR- 
CUITS Edlted by R S Phelps 
582842-1 Pub Pr $24 95 

COMPLETE HANDBOOK OF ELEC- 
TRIC MOTOR CONTROLS. By J E 
Tra~ster Any 3 books for $3 95 . . . . . . . if YOU join now 
584542-3 Pub Pr,$3300 a n d  agree to purchase two more books-at 
THE ILLUSTRATED DICTIONARY 
OF ELECTRONICS. B~ R p Turner handsome discounts-during your first 
and S G~bllsco 
584808-2 Pub Pr. $23 95 

year of membership. 
ADVANCED DIGITAL TROUBLE- 
SHOOTING By A J Evans 
584763 9 Pub Pr.$1995 

ELECTRICAL SYSTEMS FOR COM- CUILCU'S CIRCUIT CELLAR, VOL. 
PUTER INSTALLATIONS Edrted by V By S C~arcla 
R J Lawr~e 109 627 Pub Pr $21 95 r More Books to 
367 299 Pub. Pr., $34.50 
UNDERSTANDING FDER OPTICS. 
By J .  Hecht. 
583896-6 Pub. Pr.. $17.95 
IN'MtODUCRON TO RADIO FRE- 
QUENCY DESIGN. By W. H. Hay- 
ward 
582748-4 Pub. Pr., $39.00 
BATTERIES AND ENERGY SYS- 
TEMS, 2le. By C. L. Mantell. 
400 318 Pub. Pr., $48.50 
DIGITAL FILTERS: T h e o r y  and 
Application. By N .  K. Bose. 
584509-1 Pub. Pr., $44.95 
HOW TO MEASURE ANYTHING 
WITH ELECTRONIC INSTRU- 
MENTS. By J. A. Kuecken. 
584537-7 Pub. PC. $19.95 

MASTERING ELECTRONICS. 210. 
By J Watson. 
684 804 Pub. Pr.. $24.95 
ADAPTIVE ANTENNAS: Concep t s  
a n d  Performance. By R. T Comp- 
ton. Jr 
584767-1 Pub. Pr., $50.00 

ELECTRONIC CIRCUITS COOK- 
BOOK. By H. L. Helms. 
584640-3 Pub. Pr., $28.00 
COMPLETE GUIDE TO TELEPHONE 
EQUIPMENT TROUBLESHOOTING - -. -- - - . .~. - - -- . - 

AND REPAIR. By J D Lenk. 
583851-6 Pub. Pr.. $35.00 
CALCULUS FOR ELECTRONICS. 
410. By A. E .  R~chmond and G. W. 
Hecht. 
532155X Pub. Pr.. $34.95 
OPERATIONAL AMPLIFIERS AND 
LlNEAR INTEGRATED CIRCUITS: 
Theory a n d  Applications. By D J 
Dalley 
399 31X Pub. Pr., $34.95 
IBM PC TROUBLESHOOTING AND 
REPAIR GUIDE. By R. C. Brenner. 
5851 23-7 Pub. Pr., $19.95 
CMOS COOKBOOK. 210. By D. Lan- 
caster as rev. by H. M. Berlln. 
584591-1 Pub. Pr.. $18.95 
FEEDBACK AMPLIFIER PRINCI- 
PLES. By S. Rosenstark. 
539 146 Pub. Pr.. $35.95 

Here's how t h e  Practical Elec 
works to serve you: - 

Practical information . . . w e  m a k e  i t  e a s y  to  get1 For rel~able hands-on 
~ntormat~on, turn to the Pract~cal Electron~cs Book Club. Every 3 or 4 weeks 
(12-15 tlmes a year) members recelve the Club Bulletin offerlng more than 30 
books-the best, newest, most Important books from all publishers 

ATE: AUTOMATIC TEST EQUIP, 
MENT. Bv A. C. Stover. 
617'929 ' Pub. Pr.. $44.95 

Bob Middleton's HANDBOOK OF 
ELECTRONIC TIME.SAVERS AND 
SHORTCUTS. By R G. M~ddleton 
583865-6 Pub. Pr. $29.95 
MICROELECTRONICS. 210. Bv J. , - 

M~llman and A. Grabel 
423 30X Pub. R.. $51.95 
A HANDBOOK FOR INVENTORS: 
How to Protect. Patent.  Finance.  
Develop. Manufac tu re ,  a n d  Mar- 
k e t  Your I d e a s .  By C. D Mac- 
Cracken. 
58281 1-1 Pub. Pr..$18.95 
MICROPHONE MANUAL: D e s i g n  
a n d  Application. By D. M. Huber. 
584660-8 Pub. Pr.. $29.95 
ELECTRONIC SPEECH RECOGNI- 
TION. T e c h n i a u e s .  Technoloav.  
a n d  ~ p ~ l i c a t i o n s .  Ed~ted by -6 
Br~stow 
079 137 Pub. Pr.. $53.95 
TROUBLESHOOTING AND REPAIR- 
ING SATELLITE N SYSTEMS. bv R 
Maddox. 
583703-X Pub. Pr., $26.95 
J o h n  D. Lenk 's  TROUBLESHOOT- 
ING AND REPAIR OF AUDIO EQUIP- 
MENT By .I D Lenk. 
583895-8 Pub. Pr.. $21.95 
THE SATELLITE N HANDBOOK. 
By A. T Easton. 
585121-0 Pub. Pr.. $16.95 
COMPLETE GUIDE TO VHS CAM- 
CORDER TROUBLESHOOTING 
AND REPAIR. By J ~ - ~ e n k .  
585166-0 Pub. Pr.. $41.00 

Choose from - 
I ELECTRICAL AND ELECTRONIC LENK'S TROUBLESHOOTING AND 

DRAWING. 510. Bv C. J. Baer and J. REPAIR OF MICROPROCESSOR- 

I R 0ttaway' BASED EQUIPMENT By J D Lenk 
030 286 Pub R. $39 50 585122-9 Pub Pr, $21 95 

INTEGRATED CIRCUITS FOR COM- EASY-UP ANTENNAS FOR FAD10 
PUTERS: Principles and Applica- LISTENERS AND HAMS. By E .  M. 
t ions. By W L. Schweber. Noll. 
536 244 Pub. Pr.. $28.95 585108-3 Pub. Pr.. $16.95 

PASCAL FOR ELECTRONICS. By E. 
J. Pasahow. 
487 243 Pub. Pr.. $17.95 

TURBO PASCAL FOR ELEC- 
TRONICS. By E. J. Pasahow. 
487 324 Pub. Pr.. $14.95 

UNDERSTANDING IC  OPERA- 
TIONAL AMPLIFIERS. 310. By R. 
Melen and H. Garland. 
585120-2 Pub. Pr.. $12.95 

MICROCOMPUTER TROUBLE- 
SHOOTING AND REPAIR. By J. G. 
Stephenson and B. Cah~ll 
585106-7 Pub. Pr.. $24.95 

COMPACT DISC TROUBLESHOOT- 
ING AND REPAIR. Bv N. Heller and 
T Bentz 
585099-0 Pub. Pr,, $19.95 

INTRODUCTION TO TELEVISION 
SERVICING. Bv W C. Brandenburo 
071 764 ' Pub Pr. $26 $6 

UNDERSTANDING AUTOMOTIVE 
ELECTRONICS. 310. By W B Rib- 
bens 
584761-2 Pub &.$I795 

simply cannot be matched by any bookstore. And all your books are conve- 
niently delivered right to your door. You also et 10 full days to decide whether 
you want the Main Selection. (If the Club julletin ever comes late and you 
recieve a Main Select~on you don't want, return 11 for credit at our expense.) 

. Dependable , here to Whether you want lnfonatlon Substant ia l  s av ings . .  . and a b o n u s  P r o g r a m  too! You enloy substantial 

:zr 2;pT;;z ;;~;p~p;~~;;~;~";~;;; udjnt?;f;:;; 
~ f $ ~ ~ ~ ; ; ' ~  ~o~~~~~ ~ ~ ~ ~ $ k $ ~ $ ~ o ~ ~ ~ r ~ $ n ~ ~ t ~ ~ ~ t l ~ ~ ~  

Card. and return ~t by the date spec~f~ed If you want the Matn Select~on, do Of books 

nothlng-it w~ll  be sent to you automatically (A small sh~pplng and handllng - Easy membersh ip  t e rms  . . . worthwhile t o  belong!  Your only obllga- 
charge 1s added to each sh~pment ) tlon IS to purchase 2 more books-at handsome d~scounts-dur~ng the next 12 

months. after whlch vou enlov the benef~ts of membersh~p w~th no further 
Club  convenience. . . w e  do t h e  workl You get a wide choice of books that obl~gatlon. You or the club may cancel membersh~p anytime thereafter. 

Fill out the card and mail today! If the card is missing, write to: 
PRACTICAL ELECTRONICS BOOK CLUB 
11 West 19th Street-Dept. PRD, 4th Floor, N e w Y o r k ,  NY 10011. 



mand must be followed by the ' (star) key for 
11 to be accepted. If you don't l~ke uslng the '. 
you can program the 5K to accept the com- 
mands upon loss of COR or wtthln a spectfted 
pertod of ttme after COR release 

The 5K can handle up to 200 macros In mem. 
my. Thls is probably more than eough lor any 
reDeater use It can also handle up to 32 com- 

mands In a macro cham Slnce NIBACIR IS part shtpptng and handltng w~thout others) The dls- 
of the New England 220 MHz Network. I plan play cab~net runs $69 plus $5 shrpping and han- 
to let the 5K do all the swttchlng, PTT of the Irnk- dltng wlthout the 5K board Extra manuals are 
tng system. ttmlng. and IDtng. a~ t lab le  for $20 Contact S-COM Industrces, PO 

The S-COM 5K Repeater Controller. wired and Box 1718. Loveland. Colorado 80539-1718 
tested. IS prtced at $195 plus $5 shtpp~ng and Phone (303)663.6000 
handltng. The platn rack cablnet (1.314" x 19") de NIBAC 
IS $35, audco delay module IS $79 (add $3 for 

NEW PRODUCTS 

. Azimuth Awards 
QSL Library 

A,,~muth Cornrnunlcations Corporation has a 
new Az~muth AwardsOSL L~brary for organ17ing 
and protectlnq your OSL cards. You can select 
an album for each award - DX Century Club. 
Worked All Zones. Worked All States, and 
Worked All Contcnents - or for your OSLs In 
general 

Each album IS made of durable vlnyl and 
comes w~th 20 scratch resfstant pages. enouqh 
for 120 cards The pocket pages hold SIX large 
4 x 6 tnch cards Extra pages are available In 
packs of 20 

The cost. w~th Azimuth's specla1 introductory 
offer. IS $1995 - a savings of $5 off the regular 
retall price of $24 95 Extra 20-page packs are 
lust $12 95 Please add $2 50 shtpp~ng and han. 
dling per album and page pack (foretqn orders 
add $US 7 50) Caltforn~a res~dents please add 
sales tax To order contact Aztmuth Awards OSL 
Ltbrary Department EJ 11845 W Olymplc Boule. 
vard Su~te 1100. Los Angeles Cat~fornte 90064 

Clrcle U301 on Reader Servlce Card. 

IC-2500A Dual Band FM 
Transceiver 

ICOM announces the new IC.2500A dual 
band FM transcetver, equipped wtth both 440 
and 1200 MHz It features 

Two bands In one transceiver The IC.2500A 
simultaneously covers 440 to 450 MHz and 
1240 to 1300 MHz 
Cross band full duplex 
S~multaneous dual band watch The 
IC-2500A can recelve on both the main and 
sub bands at the same t~me 
AFC and RIT functions 

40 memory channels plus two programable 
call channels 
Scan funct~ons and pr~orlty watch. 
High power output. The IC-2500A provtdes 
a full 35 watts output on high power for 
440 MHz and full 10 watts on 1200 MH7 
Independent squelch and volume 

The opttonal UT-40 tone squelch untt is a 
pocket beep lunctton that lets you make con. 
tact w~?h only those stat~ons you wlsh 

The IC-2500A dual band FM transcetver IS 

prlced at $999 Contact ICOM Amer~ca. lnc . 
2380 116th Avenue N E . PO Box C-90029 
Bellwue. Washtngton 98009.9029 Phone 
(206)454-8155 

Clrcle #302 on Reader Service Card. 

XK-220 Digital Trainer 
The Elenco d~(.jttal tralner model XK-220 1s 

des~gned for the student or hobblest who wants 
hands.on tralnlng In theworklngsof d1g1t31 theory 

Clrcu~ts are easily assembled on the 590.pln 
breadblock and 100-p~n breadstix. The tralner 
has three power suppltes. eight data swttches. 
two logrc switches, and elght logtc lndlcators 

The untt has a sturdy carrytng case with a parts 
box tn the Ild The XX-220 comes complete w~th 
instructtons and clrcuit descrtpt~ons You supply 
lCSs wire and clrcu~l dlagrams 

The tralner 15 also available In k ~ t  form w~th 
easy to follow tnstruct~ons and a troubleshoot- 
rng gu~de The assembled XK-220 costs $150 
the kll IS $110 Contact Elenco Electronrcs Inc 
150 W Carpenter Avenue Wheeltng llltnois 
60090 Phone (312)541-3800 

Clrcfe 1303 on Reader Sewlce Card. 

Kantronics Superfax II 
Kantron~cs Inc announces the Superfax II 

Supertax II requlres the use of a Kantrontcs TNC 
usinq verston 2 8 or later ftrmware It features 

Unattended mode 
Semt unattended mode 
Manual mode 
V~ew from buffer or dtsk f~le w~th the ab~l~ty to 
pause display 
D~splny black on white or white on black 
Save buffer to disk saves all scan llnes 
Print plcture black on wh~te or whtte on black 
Choose 120 Ipm for weather facstmlle or 60 
Ipm for wlre photo pictures 
All scan llnes are saved however you can 
choosp to recelve the full w~dth of the pcture 
lncludlng sync ltnes or recetve 80 or 66 
percent w~dth of p~cture 
Spltt screen terminal mode non buffered key 
board Input characters are sent immediately 
to TNC capture lncomtng data to disk 
Supports CGA EGA VGAIMCGA and 
HERCULES'" also some graphtcs modes of 
the Ol~veni'~ and AT&TTM personal computers 
Supports coml com2 com3 and com4 
Prints to prlnters wtth Epson compatible 
graphics modes or use the custom setup to 
confiqure for most ntne pln graphlcs capable 
prlnters 
Reqir~res Kantronlcs TNC uslng verston 2 8 or 
later f~rmware 
Superfax II IS prtced at $2995 and IS avatla 

ble from Kantrontcs Inc 1202 E 23rd Street 
Lawrence Kansas 66046 Phone (913)842 7745 

Clrcle X304 on Reader Sewlce Card. 
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OF A PARABOLIC ANTENNA 

W8Fe 251 ~ i te l le  Avenue, Enon, Ohio 45323 
' 

T he parabolic antenna is a useful design when you 
consider the use of the higher frequency bands and 
the increased interest in satellite TV and Amateur 

Radio reception. This type of antenna offers higher gain 
than other conventional antennas. Also, when you look at 
the fairly high cost of commercial dish antennas, a 
homebrew parabolic antenna seems more practical, if not 
a necessity for the Radio Amateur. You can make the reflec- 
tor out of a mesh or screen at frequencies in the range of 
1 to 5 GHz. Because a parabola isn't a simple shape like 
a circle or a flat plate, you'll find you have some difficulty 
measuring the shape of the surface. This article describes 
a simple method of measuring the surface of a parabolic 
reflector. We used a BASIC computer program to calculate 
the parameters necessary to determine the accuracy of the 
surface. We constructed a special measuring rod to ascer- 
tain, from the focus, the distance of points on the surface 
as determined by the computer program. This method of 
accuracy determination eliminates the need for a large tem- 
plate, which is difficult to use because of its size. 

The parabolic surface 

0 

DIRECTRIX -  

(01 PARABOLIC C U R V E  
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The parabolic reflector is probably the most widely used 
high-gain antenna. Reflecting antennas achieve gains in 
excess of 30 dB in the microwave region. The simplest 
reflector consists of two components - a large reflection 
surface and a much smaller feed source. According to the 
definition of the parabolic curve in Figure l A ,  the distance 
from any point P on the parabolic curve to the focus is equal 
to the perpendicular distance from that point to a line called 
the directrix. The directrix is a line perpendicular to the axis, 
passing through the point which is the virtual image of the 
focus. Thus, in Figure lA ,  PF = PQ. The parabolic reflec- 
tor has a very unique property: all the waves originating 
from a point source at the focus arrive at a line perpendic- ( b )  PARABOLIC REFLECTOR SURFACE 

ular to the axis with equal phase. A parabolic surface is ' 

f~rmed  by rotating the top half of the curve in Figure 1A Parabolic reflector antenna: (A) parabolic curve, (B) parabolic reflec- 
around the axis forming the surface as shown in Figure 16. tor surface. 



Parameters for measuring the parabolic antenna surface. 
(Dimensions are in inches.) 

S L 
0 58.91 
2 58.93 
4 58.98 
6 59.06 
8 59.18 

10 59.33 
12 59.52 
14 59.74 
16 59.99 
18 60.28 
20 60.59 
22 60.95 
24 61.33 
26 61.74 
28 62.19 
30 62.67 
32 63.18 
34 63.72 
36 64.29 
38 64.89 
40 65.51 
42 66.17 
44 66.86 
46 67.57 
48 68.31 
50 69.08 
52 69.87 
54 70.69 
56 71.54 
58 72.41 
60 73.31 
62 74.23 
64 75.17 
66 76.14 

1 the for larger or smaller dish antennas. 

The measuring element 
The 12-foot diameter parabolic antenna with a focal 

length of 58.91 inches shown in Figure 2 was built to receive 
satellite signals in the 4-GHz frequency range. The frame 
for the antenna was constructed from thin wall 112-inch con- 
duit welded together. The conduit frame was covered with 
coated steel insect screening to form the parabolic reflec- 
tor surface. The technique developed here is used to deter- 
mine the accuracy of the surface. 

As mentioned before, we designed a special measuring 
element to find distance L. The device is shown in Figure 
3. Our design makes it easy to adjust its length. We built 
this measuring rod primarily from parts found in our junk- 
boxes. We used the following parts: a 39-inch length of 1/2- 
inch diameter PVC pipe, part of a telescoping car antenna, 
a flexible coupler, and a piece of 114-inch metal rod 35 
inches long. First we cut a 118-inch wide, 30-inch long slot 
in one wall of the PVC pipe (see Figure 3). This slot per- 
mits the pointer to slide back and forth, indicating the total 
length of the measuring rod. The internal part of the device 
is made from the 1/4-inch rod, the telescoping antenna sec- 
tion, and the end cap. We connected the end cap to one 
end of the telescoping section. Then we attached the end 
cap to one end of the PVC pipe. We then fastened the other 
end of the telescoping section to one end of the 114-inch 
rod and soldered a short pointer to the junction of the rod 
and the telescoping section. The pointer can stick up out 
of the slot in the PVC pipe and slide back and forth as the 
rod is extended and shortened. We inserted the extenda- 
ble rod assembly into the PVC pipe until the end cap fit 

The parameters which define the parabolic surface are 
somewhat difficult to measure. You can solve this measure- 
ment problem by defining two other measurable 
parameters. 

We decided that determining the parameters of S and 
L would make surface measurement easy. These dimen- 
sions are defined in Figure 2. Length S is the straight line 
distance from the center of the parabola to the point on the 
surface to be measured. Length L is the distance from the 
focal point to a specific point on the surface of the parab- 
ola. Note that distance L isn't a simple constant radius. Dis- 
tance L from the focus increases as distance S from the 
center of the parabola increases. 

We determined parameters S and L for a 12-foot diameter 
parabolic antenna with a 58.9-inch focal length. We calcu- 
lated value L for each 2-inch increment in distance S. We 
chose these dimensions because they were easy to meas- 
ure. Table 1 shows the values for S and L in inches. The 

I 

Basic geometry of a parabola. 
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' "GUII RANTEED TO OUTPERFORM 
..... OR YOUR MONEY BACK! 

M 10 TM ANTENNA !'!#R 

HmI  10 ten meter antenna ~sdeslgned arm manufactured byAmerlcan 
tenna makers of the world famous K4OAntenna wtthapower handllng 

apacltyof 1500wattsanda band w ~ d t h o f  1 5  mhz between2 I SWR polnts 
HAM 10' IS the perfect compllrnent t o  all slngle band ten meter rigs 

The stainless steel base of the -HAM 10 IS Supplied w ~ t h  an 
adjustable trunk 11p mount AISO avatlable IS an optional adaptable 

heavy duty magnamount 

ExeLusln ~ R R S :  
@ HANDLESUPt01500W#TTSI 
@ METALPLAS CONSTRUCTION. 
@ 3 4  ROTATlON OF BASE. 
@STAINLESS STEEL WHIP ANDBASE. 
@MOUNTS ANYWHERE ON ANY VEHICLE! 

FULLYASSEMBLED WITH 18 '  Of RG-58 COAX. 
@COMPUTER DESIGNED ISOLATION CHAMBER. 

For A Free Brochure, Call: 
1-800-323-5608 
I N  IL. 1 800-942-8175 

(0rWrite)AMERICAN ANTENNA 1500 EXECUTIVE DR. ELCIN. Il.60123 .... 

NEMAL ELECTRONICS 
.Complete Cabk Assembly faci l i t ies M I L S l D 4 5 2 0 8  
*Commercial  Accounts welrome- Qumntity p r i c i ng  .%me day sh ipp ing most  orders  
*Factory authorized d is t r ihu tor  l o r  Alpha, Amphenol, &Iden, Kings, T imes  F ibe r  

C a l l  NEMAL for computer  cabk, C A T V  cabk, F la t  cable, semi-rigid cmbk, telephone cable, 
c r imp ing  tools, D-suh connectors, heat shr ink .  c a h k  ties, high voltage connectors. 

HARDLINE 50 OHM 
FXAl2 l p  Akmlnun Blah J a M  ........................ 89m 
FLCl2 l p  Cablavm con. coppsr tdh ...... 1 69ffl 

........ FLC78 7/B Ca- con.cowef blk p 4 25/11 
............ NMl3CC N coon 1 /T  cm coppsr m/l 25 00 

NM78CC N com 7 / 8  con copper m/l ............ 54 00 

CONNECTORSMADE IN USA 
...................... wno r p  ~ p h g  IW 0013 saw 

.......................... NE723 T p  N /.ck hf 8.M.n 06'13 4.W 

pvw Aovhmd pvso ............................................. .w 
-son p v ~ o  kllon ~n/. lk~ ...................... 1.68 
f w w  ~ n v h e d  knwle-kndo (burd) ................... 1 6 5  

I f f i 2 5 5  SO238 BM: GW adqDhr, Anrphurd..... .... 
S 0 2 W  UHF c h u b  tnf r a c ~ I s ~  ........... 
UGRHC BNL plug RG1,8. 223 142 

GROUND STRAP-GROUND WIRE (per n ) 

I COAXIAL CABLES (pw I?) 
11W BELDEN 8813 wty /OW 1- .......................... 55 
1102 R G 8 n  05% #Weld low l a u  hun f lga  ........ 36 

............... 
..................... 

f f i  1 7 5 m  178 d m w  lor RGSB/JB (spallyJ .22 
f f i z ros  N p~w lor ffie,z12,214 sihw .335 
m m  N 1-k ~b -w &q~(w, *aon .................... a 5 0  
la so230 )O N D l v ~  ad&, tallon 1350 I ................. 

I 
I 

Rkcc do not include shipping. $3 minimum. Vlw/Ma\trrcurd $30 min. C'On add $3.00 
CM or w7Ua hv conple(a price Iiat W t  nnr 40 p.pe CABLE AND CONNECTOI) S E L E C F  GUIDE k H.il&b 
d m chmm WWI o r d n  01 Uo or mum, or & a cart ol S4 Wib.l cmd# . ~ h l  m1( W r t y n g  odw. I 

1450 RG174/U JO ohm . l a y  od dl rp.c 14 .......... 

ROTOR CABLE-8 CONDUCTOR 
..................................... E l 6 2 2  2-1Sga m d  522ge 25 

E r s o  2-18ga m d  ~ z o q a  39 ..................................... 

I - 

NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FL 33161 
(305) 893-3924 Telex 6975377 Zjhr FAX (3OS)R954178 I 

CSJB 3 /B hmd cappr bdd 40 ................................ 
................................ GS 12 l / r  bnned copper b d d  50 

.............. GS2W r -  r / r  hemy brv).d C- b l ~ d  2 00 
........................... HWCd 8ga 11nad.lbd strwded win 39 

A w l 4  14ga rbndsd Arr(wrw vire CCS 14 ................. 

7 

SAY YOU SAW IT 
IN 

HAM RADIO 

-N6KW QSL Cards- 
T h e  finest QSI. Cards at reasonable prices. 
Basic Cards, map cards, car toon cards, pho to  
cards and more. Your idea converted t o  ink or 
use standard designs. 747 ink colors, any card 
stock. Photos hlw o r  beautiful color. Havecards 
that f i t  your s t ~ l e .  FREE SAMPLFS . postage 
appreciated. 

KW L i t h o  - Dept.  HR P.O. Box  17 390 
fH171332.3658 Ft. Wor th .  TX 76102 

I CALL FOR ORDERS I 
1 (800) 231-3057 
1 (713) 520-7300 OR 1 (713) 520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1 (713) 771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 

I New lcom lC 781 I I 1, u. rntt>d 
Kenwood TH215A TH25AT Trade i >  , i > n r  old HT 
75440 SlAT Call I 

r..!..:..~..~ ' .  l.lilii Call lor lrade 
blq,w h ~ ~ o ~ o ~ ~ l  I M  i , ' lA f~!,,t>rl,, 
ILOM ,';'HtiiT TM 449 00 

TS 790A Superlor 2 M I ~ I C ~ ~  7 0  r n R < 1 
1 2 GHz Opl~on Avad.tbl~ Call 
lcom 765 2695 00 
Kenwood MC M A  + Hell HC 5 carlrldge tnsl 150 00 
lcom IC 725 799 00 
NYE MB5A Tuner 569 00 
Alpha Della Transtlrap HV 33 00 
CSI Pr~vate Patch V 489 00 
Ameco PT 3 Pre Amp 9900 
Larsen 2 meter on glass 49 95 
Anleco 2M 518. Maq Mounl Comp 25 00 
Van Gordon WlndmWA2 44 00 
B~rd 43 elemenlsislock Call 
Thousands of pand meters 3 95 up CALL 
Belden 9913 8267 821 4 Slock Call 
MICA Capactlors Call 
Arnp~re VHF UHF GaAsFU preamps Call 
831SP PL259 Silverplate (Amphenol) I SO 
82 61 N Male (Amphenol) 3 50 
87202 lWGNMale(9913) 350 
Double Female UHF 100 
UG176 RGBX each 40 
Surplus Eltmw PL259S0239 each 5 1 
Rece~v~nq lubes 50 9% ofl Itst prlce Call 
STUPH 
RF Amp Meters 51 5 lo $30 each 
25 pFllOKV Doorknob Cap 
Throat Mlke (new mtl surplus) 
ANBH 1 600 ll Headphones (new m ~ l  surplus) 

:" 
5 00 

New Demo Unds lor Sale 
Kenwood R 5000 849 00 
USED EQUIPMENT 
All equzprnmt ospd clean wqlh 0 dny warranty and 30 
day lrlal S(x months lull Ira& aqa~nsl new equipment Sale 
prlce refunded 11 no1 sattsl~ed 

(800) 231 3057 

POLICIES 
M!rl~muni order $10 OO Maslefcard. VISA. Or C 0 D All prlces 
FOB Houston. excepl asnoled Prmssubpcltochangewnhout 
wl~ce Ilf.mssubpct t opm sale Call any(~mlochecktheslalus 
01 your order Texas res~denls add sates lax All llems full lac- 
lory warranty plus Mad~son warranly 
Olrd and Beldan products In stock. Cmll today. 
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Measuring rod. 

onto the end of the pipe. Figure 3 shows the final assem- 
bly of the measuring rod. We put calibration marks on the 
outside of the PVC pipe to indicate the length of the rod 
assembly. These marks show the total length of the meas- 
uring rod, making it easy to use. You must be able to extend 
the measuring device from approximately 58 to 82 inches 
in length in order to measure the distance to any point on 
the parabolic surface. 

We used our measuring rod to calculate the accuracy 
of the parabolic surface of our antenna. First, we removed 
the low noise amplifier (LNA) from the antenna feed. Next, 
we attached a connector, which mates with the connector 
on the flexible couple on the end of the measuring rod, to 
the end of the pipe that holds the LNA in place. Then we 
loosened the clamps holding the piece of pipe, slid the pipe 
toward the parabolic dish until the connector was at the focal 
point, and tightened the clamps to hold the pipe in place. 
Fastening the flexible coupler on the measuring rod to the 
connector on the pipe was the next step. Th~s holds one 
end of the measuring rod at the focal point, leaving the other 
end free to be placed at any point on the surface of the 
parabola. You can read distance L directly from the calibra- 
tions on the measuring rod when you slide the end of the 
measuring rod to a point on the parabola. The most 
accurate position for antenna measurement is a horizontal 
one; that is, with the antenna pointed at the zenith. 

Effect of surface accuracy on performance 
You may wonder how accurate the surface of a parabolic 

reflector antenna should be and why this accuracy is impor- 
tant. The accuracy of the reflector surface is important 
because it indicates the specifications to which the antenna 
must be built; it also gives an indication of the antenna's 
gain reduction. The surface roughness causes phase dis- 
tortions in the reflected energy and this can reduce the over- 
all antenna gain. The phase error (which can be tolerated 
because of surface roughness) is directly proportional to 
the frequency. Larger surface errors can be better tolerated 
at lower frequencies than at the higher ones. Ruze provides 
a mathematical expression which relates the surface toler- 
ance to a reduction in gain. Deviation from the true sur- 
face can be expressed in peak deviation or in RMS devia- 
tion. The graph in Figure 4 shows the reduct~on of gain as 
a function of surface error. One curve is for peak deviation 
from the surface; the other is for the RMS deviation from 
the surface. For a peak deviation of 1/16 wavelength, the 

dB. The loss in antenna gain quickly increases as the sur- 
face error exceeds 1/16 wavelength RMS. Surface irregular- 
ities are caused by construction errors and external forces 
acting on the structure. As the frequency at which the 
antenna is used increases, the tolerances of the parabola 
become tighter. For example, a 1/16 wavelength is 0.55 
inches at 1296 MHz, 0.32 inches at 2300 MHz and 0.18 
inches at 4000 MHz. 

Any corrections you make to the surface must be made 
in terms of the frame, because the surface is made of win- 
dow screen. Make sure all the spokes are well fitted to the 
center plate. The spokes should be laid out and bent into 
shape before you attach them to the center plate. Once 
you've connected them to the center plate, check to make 
sure that each spoke has the correct shape. You can use 
the measuring element to measure points on the spokes. 
If the position is off, bend the spoke to bring the point into 
line. Changing the frame is a tedious process because 
bending the frame to change one point may affect other 
points on the frame. The measuring element lets you deter- 
mine the accuracy of different points on the frame. You'll 
find this much easier than holding a 12-foot template in 
place to measure several points. The measuring and bend- 

I SURFACE DEVIATION IN WAVELENGTH I 
- 

Reduction of gain due to surface errors. 
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ing procedure is an iterative process; repeat it until the sur- 
face's accuracy is acceptable. Our antenna's surface is 
within *I18 inch tolerance. 

Conclusions 
We've provided a simple method for determining the 

accuracy of the parabolic surface and for calculating the 
parameters used to check the surface accuracy. The 
parameters given here are for a 12-foot diameter parabolic 
antenna with a 58.91-inch focal length; however, you can 
change the computer program's parameters easily to pro- 
vide data for checking parabolic antennas of other sizes. 
The BASIC program is written for a Commodore 64 com- 
puter, but can be applied to other home computers and 
programmable calculators. With increased accuracy, your 
parabolic antenna will provide better performance than 
other types of antennas at the higher frequencies. 

Appendix 
The surface of a paraboloid is described by the equation: 

yz = 4 F x  
where F is the focal length of the parabola. 

(1) 

To simplify surface measurement, determine the parameters 
of S and L. These dimensions are defined in Figure 2. 
Values X and Y are the rectangular coordinates of the points 
on the paraboloid. 

Use the following procedure to calculate distance L (see 
Figure 2). The distance S is given in terms of F, X, and Y as: 

By using Equation 2 and applying the quadratic equation 
from algebra, you can solve for X as: 

Once you've determined X, you can find distance L using 
the Pythagorean theorem as in Equation 4: 

With a specific distance S, you can calculate distance L by 
using the focal length. Distance L is the same for all points 
located at a specific distance from the center of the parab- 
ola. This describes a locus of points which fall in a circle 
on the parabola's surface. 

We've included a listing of the computer program to cal- 
culate the parameters used in the measurements. We wrote 
the program to obtain the values in Table 1 in BASIC for 
use on a C-64 computer. You can use this program to com- 
pute the parameters for dish antennas of different sizes. 
BASIC COMPUTER PROGRAM 
10 F= 58.909 
20 FOR S= 0 TO 76 STEP 2 
30 X=SQR(4*F*F+S*S)-2°F 
40 L=SQR(4*F"X+(F-X)*(F-X)) 
50 PRINT S,L 
60 NEXT S 
70 END 
where: 
F is the focal length of the parabola, 
L is the distance from the focus to the point on the parab- 
ola, and 
S is the distance from the center of the parabola to the point 
of concern on the parabola. 
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awards for his work, has authored numerous articles, and is associate chief of staff for research and development at Jerry 
L. Pettis Memorial Veterans Adrnin~stration Medlcal Center, Loma Linda. California. He will discuss the basic science that 
supports our current knowledge of radiation hazards. 
Samuel Milham, Jr., M.D., Washington state epidemiologist. Dr. Milham, you'll remember, did the study that showed that 
hams, as well as electr~cal/electron~c workers, suffered from higher than normal rates of certaln leukemias and lymphomas 
(types of cancer). 
Ivan Shulman, M.D., WCZS, cancer surgeon. Shulrnan will discuss how the Amateur can take preventive steps to minimize 
the risk of exposure to the harmful effects of electromagnetic radlatlon. 
Davld Rodman, M.D., KN2M, ophthalmologist and writer for Ham Radio magazine. Rodman will cover his extensive work 
to quantify field strength measurments of both RF and 60-Hz field levels. 
Agaln, it is Important to stress that there IS no "smoking gun" showing a clear, definable link between electromagnetic 

radiation and cancer or other diseases. There seldom is, at this early awareness stage of what may be a serious health problem. 
The latest reporting in the medra, while prone to sensationalism and exaggeration, does emphasize the need to research 
thls potential hazard further. In the words of one authority, "Something IS going on here." 

One must wonder why the ARRCs Bioeffects Committee has said almost nothing slnce its formation and Dr. Milham's first 
ment~on of his study of Calfornla and Washington state Amateur rnortal~ty rates in Lancet, April 6, 1985. (Lancet is a highly 
regarded Br~tish medical journal.) Hopefully, the ARRL will publish its pollcy and its flndlngs soon. Silence, in this case, IS 

not golden. It smacks of belng afra~d to "fess up" to a problem and admit that it mlght exist. 
Is there a problem? It's llkely that there IS, but time, money, and thousands of hours of meticulous research are necessary 

to arrlve at the final answers. HR is working on a number of different projects and will report its findings as they become 
known. Our intent IS to inform - not fall prey to sensationalism, or blindly deny that a problem exists in the face of emerging 
evidence. We'll keep you, our readers, fully informed and up to date on all the latest developments. 

Craig Clark, NXlG 
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MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road, Rte. 119 
Littleton. MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Business Park Lane 
Kansas City, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood. Yaesu 
Same day service, low prices. 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas, NV 89106 
(702) 647-3114 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

NEW HAMPSHIRE 
RIVENOELL ELECTRONICS 
8 Londonderry Road 
Derry, N. H. 03038 
(603) 434-5371 
Hours Mon.-Sat. 10-5; Thurs. 10-7 
Closed SunlHolidays 

NEW JERSEY 
ABARIS SYSTEMS 
276 Oriental Place 
Lyndhurst, NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL, Astatic, Astron. B&W, Belden. 
Bencher, Hustler, Kenwood, Larsen, RF 
Concepts, Tonna and much, much more! 
Tues.-Frl. 10AM-7:30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VisalMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Larsen, 
Lunar, Astron. Wholesale - retail. 

Ham Radio's guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver City, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 
ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood. CO 80110 
(303) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurIShortwave Speclal~sts, 
Ten-Tec, Yaesu, JRC-NRD, Sony . MFJ, 
KLM, and other fine gear New and used. 
VisaIMC. Antennas, books, discount prlces 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 
Suite One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Friendly one-stop shopp~ng 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Plke 
Wilmington, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle. DE 19720 
(302) 328-7728 
(800) 441-7008 
Icom, Ten-Tec, Microlog, Yaesu, Kenwood, 
Santec, KDK, and more. One mile off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461-4267 
Clearwater Branch 
West Coast's only full servlce 
Amateur Radio Store. 
Hours Mon.-Fri. 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 
Orlando, FL 32803 
(305) 894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours Mon.-Frl. 9-5:30, Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu. HI 96814 
(808) 949-5564 
Kenwood, ICOM. Yaesu, Hy-Gain, Cush- 
craft, AEA, KLM. Trl-Ex Towers, Fluke, 
Belden, Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston, ID 83263 
(208) 852-0830 
Mon. 9-2: Tues.-Fri. 9-6: Sat. 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on Hand 

ILLlNOlS 
ERICKSON COMMUNICATIONS, INC. 
5456 N. Milwaukee Avenue 
Chicago, IL 60630 
(312) 631-5181 
Hours. Mon. - Frl. 9-5:30, Sat. 9-3 

INDIANA 
THE HAM STATION 
220 N. Fulton Avenue 
Evansville, IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy-Ga~n, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Drive 
Laurel. MD 20707 
(301) 725-1212 
Kenwood. Ten-Tec, Kantronlcs. Full servlce 
dealer, 
Mon.-Fri Sat. 9.5 
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Greenville, N. H. 03048 
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NEW YORK 
BARRY ELECTRONICS 
512 Broadway 
New York. NY 10012 
(212) 925-7000 
New YorkC~ty's Largest Full Service Ham 
and Commercral Radro Store. 

VHF COMMUNICATIONS 
280 Tiffany Avenue 
Jarnestown, NY 14701 
(7%) 664-6345 
Open 8:00 AM till 5:30 PM 
Evenings. Saturday and Sunday by appo~nt- 
rnent. Western New York's f~nest Amateur 
dealer. Featuring ICOM "The World System." 

OHIO 
AMATEUR ELECTRONIC SUPPLY 
28940 Euclld Avenue 
W~ckcl~ffe, OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wats. 1 (800) 362-0290 
Outs~de Ohlo: 1 (800) 321-3594 
Hours Mon.-Frl. 9-5:30, Sat. 9-3 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Cincinnati, OHlO 45209 
(513) 531-4499 
Mom-Sat. 10AM-9PM. Sun.12Noon-6PM 
We buy and sell all types of electron~c parts. 

DOWN EAST MICROWAVE 

pi 
MICROWAVE ANTENNAS AND EQUIPMENT 
Loop V q l s  . Power Mvlden Llmu AmplliIers Complete 

Anays Mlcmwava Transverlen G.As FET Preamps 
TROPO - EME .Weak Slgnal OSCAR 902.1269 1296 

-2304-  2400.3456 MHz 
2345LY 45el IwpY.91 1298YNl 20d l  S99 
1345 L Y  45-1 loop Yagl 2304MHz 2WBI 580 
3333LY 33sl IwpYmgi 902MHz 18.5dBI 599 
Above anlennas assanbird and teslw Klls avalsbk 
M d  $0 UPS SIH. Ill Was1 of Ihr MISS~S~PPI 

MICROWVE LINEAR AMPLIFIERS SSB. 
ATV. REPEATER. OSCAR 

2318PA t w l n  1 8 w w l  1240-1300MHz 13.8V $265 
233SPA l l h l n 3 5 w w l  1240-1300 MHz 13.8V 5315 
3318PA lwIn2Ow wl 900-930 MHz 13.C.V 5265 
3335 PA llh In 40- wt 900-930 MHz 13.8V 1320 
23LNA preamp 0.7dB N.F. 1296 MHz 5 90 
33LNA pemmp 0.9dB N.F. 902 MHz 5 90 

ram-w.40 
SHF systems transveners and kits available. 

W*r kr h n  c .n*y 

DOWNEASTMICROWE 
Blll Olson. W3HQT 

Box2310. RR 1. Troy. ME04987 
(207) 948-3741 

NEW! No Tune Microwave 
Linear Converters 

Board level RX/TX transverter modules and 
local oscillator k ~ t  or assembledltested. 
Llnear operation allows all modes. ATV, 
SSB, D~g~tal, Packet, FM 
Ava~lable for. 903,1269,1296,2304,3456 MHz 

COMPLETE KlfS 
SHF 900 K w~th ~ntegral LO for 902 MHz $125 
SHF 1240 K for 1240-1300 MHz - speclfy 

1269 or 1296 base $135 
SHF 2304 K for 2300-2450 MM - MODE S 

downllnk package ava~lable $185 
SHF 3456 K for 3456 MHz $185 
SHF-LO LO kit only, wlth XTL. 540-580 

MHz, +10 - +14 dBm out $ 60 
Call or wnte lor delarls on complete Iransverfers and opbons 

Prices sublecl lo change 

SHF Syslcms D Down Tar1 M8oowavc 
1' 0 lkm Hh R,r 2110 KIWI 

Narhut YI l I l l IH I  Tnw htl lllun- 
IN171 6-1 I\;? (317 1-11 

Ihhn Molnar W A I I  n )  11~11 (II.~III ~ 1 t l ~ r  

UNIVERSAL AMATEUR RADIO. INC. 
1280 A~da Dr~ve 
Reynoldsburg (Columbus), OH 

43068 
(614) 866-4267 
Featuring Kenwood. Yaesu, Icom. 
and other fine gear Factory author- 
 zed sates and servlce. Shortwave 
spec~al~sts. Near 1-270 and alrport. 

PENNSYLVANIA 
HAMTRONICS. 
DIV. of Trevose Electron~cs 
4033 Brownsvllle Road 
Trevose, PA 19047 
(215) 357-1400 
Same Locat~on for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonlo. TX 78238 
(512) 680-6110 
(800) 344-3144 
Stocking all major Ilnes. San Antonlo's Ham 
Store. Great Prlces - Great Servlce. Factory 
author~zed sales and servrce. 
Hours: Mom-Frl. 10-6, Sat. 9-3 
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MADISON ELECTRONICS SUPPLY 
3621 Fannrn 
Houston. TX 77004 
(713) 520-7300 
Chr~stmas? Now?? 

MISSION COMMUNICATIONS 
11903 Aleif Clod~ne 
Su~te 500 (Corner Harw~n & Kirkwood) 
Houston. Texas 77082 
(713) 879-7764 
Now ~n Southwest Houston-full l~ne of 
equipment. All the essent~als and extras lor 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4828 W. Fond du Lac Avenue 
M~lwaukee, WI 53216 
(414) 442-4200 
Wlsc. Wafs: 1 (800) 242-5195 
Outs~de W~sc: 1 (800) 558-0411 
Mon.-Frl. 9-530. Sat. 9.3 

Dealers: 
YOU S H O U L D  BE H E R E  TOO! 
Con tac t  H a m  R a d i o  n o w  for 
c o m p l e t e  details. 



DIGITAL INDUCTANCEJCAPACITANCE meter as featured 
in July 1988 Radio Electronics Magazine. inductance from 
0.01 uhy to 10 mhy, capacitance from 0.10 pf to 0.10 ufd. 
Automatic range, automatic zero, accuracy +I-3%. Assem- 
bled $149.95, kit $129.95 (digital frequency counter needed 
durin calibration). Add $5.00 shipping. SASE for detailed 
specitcation. Almost All Di ital Electronics, 521 1-1 17th 
Avenue SE, Bellevue. WA 91006. 

INTERESTED IN PUBLIC SERVICE? Join your local Radio 
Emergency Associated Communications Teem. In Pennsyl- 
vania call 717-938-6943 or write REACT, 1160 Old Trail Rd. 
Etters. PA 17319. 

WANTED: All types of Electron Tubes. Call toll free 1-800- 
421-9397 or 1-612-429-9397. C 8 N Electronics, Harold Bram- 
stedt. 6104 Egg Lake Road. Hugo. MN 55038. . . - 
HANDICAPPED NOVICE needs HF equipment donated- 
anythlng please. KA30UE, (412) 531-7443 anytime. 

DIGITAL AUTOMATIC DISPLAYS. Any Radlo Be spec~flc 
Large 45 cent SASE GRAND SYSTEMS, POB 2171. Blame 
WA 98230 

IMRA International Mission Radio Association he l~s  mission- 
LASER C,OMPONENTSI Surplus tubes, power supplies 
optics. Bu~ld a working LASER for under $75.00. Free plans! 
with order. $1.00 (refundable) brings list. FundSew, 15460 
Peaceful Lane. Clearwater. FL 34616. 

arms ~ ~ " ~ ~ m & t  loaned Weekday net. 14 280 M'HZ. 1-3 PM 
Eastern N~ne hundred Amateurs 11-140 cwnfrles Rev Thomas 
Sable. S J . Unlversitv of Scranton. Scranton. PA 18510 

VHF-UHF-SHF. Large SASE. West Coast VHFer. POB 685, 
Holbrook. AZ 86025. AVANTEK ATF10135 $12.00 MMIC's P.C. board SASE: 

WA3lAC, 7148 ~on ta iue  St, ~hiladel~hia, PA 191i5. 
ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James 
Long, Ph.0.. N6YB (406) 7338329. 

-- 
HAVE YOU WRITTEN a Good Ham or SWL Program? Our 
internationally known sohvare publishing and distr~bul'in firm 
would be pleased to add QUALITY Droarams to our Ilne. We 
can gel your product to market, develop user document~on. 
provide packa Ing and user support, etc Ashton ITC. PO Box 
1067. vestal, %Y 13851 (607) 748-9028 

CIRCUIT DESIGN "Potpourri" for IBM computers and com- 
patibles on 3.5 and 5.25 disks. Send SASE for list. WlOER, 
135 Barbara Road, Waltham, MA 2154. 

FLEA 
MARKET 

WANTED: URR 3901Alpha all band rec. Must be in go& con- 
dition. Call W6BPV (408) 438-4467 collect. 

COLLINS S-LINE 3283. 75S3. 516F2 power supply with solid 
state conversion. Package lncludes extra palr 6146's, Shure 
444 microphone with Collins plug. AEA CK-1 memory keyer 
with wwer unit. all WARC band xtals for xmtr and Rcvr. all HAM SOFTWARE and other "shareware" for IBMlcompati- 

bles. SASE for catalog. JK&S, POB 50521, Indianapolis. IN 
46250-0521. 

manials, dust covers and spare tubes Clean, no scratches. 
dents or abuse $1000 for all UPS pa~d Let's not haggle Ed. 
W4GW. 502 Gatewood Drlve. Greenwood. SC 29646 (803) 
229- 1 133 

- 
100 QSL CARDS $8. $3 thereafter. Grid square printed free. 
Shipped postpaid. Guaranteed correct! Free samples. Shell 
Printing. KDSKW, Box 508, Rockton, IL 61072. RTTY JOURNAL-Now in our 36th year. Read about RTTY, 

AMTOR, PACKET, MSO'S, RTIY CONTESTING. RTW DX - 
"HAMLOG" COMPUTER PROGRAM. Full features 17 mod- 
ules. Auto-l s 7 band WASIDXCC. Apple $19.95. iBM 
CPIM, K A Y ~ O ,  iandy. C128 $24.95. HR-KA1 AWH,  PO^ 
2015. Peabody. MA 01960 

and much more Year's subscr~pt~on to RTTY JOURNAL 
$10 00, fore~gn sl~ghtly hlgher Order from RTTY JOURNAL, 
9085 La Cas~ta Ave . Fountaln Valley. CA 92708 

RATES Noncommercial ads 100 per word; - 
RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO 
to G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. 
SASE brings information. 

DRAKE RR2 commercial marine general coverage receiver 
$250. Drake MN-4C antenna tuner with 8-1000 balun, $100: 
Qubie XT-300 computer backup power supply, $100. Josh 
Rovero, KKID, 804-4742277, 

commercial ads 60t per w o r d  b ~ t h - ~ a ~ a b l e  
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-prof i t  or- 
ganizations receive one free Flea Market ad 
(sub jec t  t o  our editing) on a space available 
basis only. Repeat insertions o f  hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

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

ELECTRON TUBES: Receiving, transmitting, microwave .. 311 
t pes available. Large stock. Next day delivery, most cases. d AlLY ELECTRONICS, PO Box 5029. Compton. CA 90224. 
(213) 774-1255. 

RADIO SHACK COLOR COMPUTER. Ham software and 
hardware. Free catalog. Dynamic Electronics. Box 896. Hart- 
selle. AL 35640. (205) 773-2758. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel. San Pablo. CA 94806. 

COMING EVENTS 

REPEATER JAMMERS? Pinpoint them with our "Handi- 
Finder" - attaches to HT. Kits: $24.95. or lessl Club project 
discounts! NOARD. 29460-H Lorain. Cleveland, OH 44070. 
(21 6) 777-9460. 

-- 
SOUTHEASTERN NH: Ham dream slte for sale 5 acres on 
west top and s~de of hltl. Clear view to West. North, and South. 
65 ft tower will allow a clear trans-Atlants RF path On paved 
road. power and cable TV Oowntown Boston 8s 1 hour glve 
or take for commuter tleups RogersMIAlOFM. PO Box 309. 
Oanvllle. NH 03819 (603) 6428362 after 5 PM and weekends 

Activities - "Places to go . . ." 
- 

10 YEAR CLEANOUT SALE. Shack overloaded. Must vacate 
2000 culft area of test equipment, microwave, radios, antiques, 
parts. variacs. ve interesting collection. Send stamp for com- 
plete list. ~ o s e p h L n ,  200 Woodside, Winthrop, MA 02152. 
(61 7) 846-631 2. 

FREE Ham Gospel Tracts. SASE, Steve Forst, NIFTT, 5133 
Gramercy. Clifton Heights. PA 19018. 

WANTED: Ham equipment and other property. The Radio 
Club of Junior High School 22 NYC. Inc. is a nonprofit organi- 
zation, granted 501(C) (3) status by the IRS, incorporated with 
the goal of using the theme of Ham Radio to further and 
enhance the education of young people nationwide. Your prop 
erty donation or financial support would be greatly appreciated 
and acknowledged with a receipt for our tax deductible con- 
tribution. The new crew has arrived. b a n  up, clean out and 
make a difference, plus tax time is fast ap roachlng, Donate 
that equipment now. We depend on ou Flease wrlte us at: 
PO Box 1052. New York. NY 10002. Joind the clock hotline: 
(516) 674-4072. Thank you! 

CANCELLATION NOTICE. The BARC Packet Radio Sympo- 
sium scheduled for September 16 at Georgian College, Bar- 
rie. Ontario has been cancelled. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avail- 
able basis, we are gang to offer you. OUR SUBSCRIBER. 

ALABAMA: Se tamber 9-10 Mobile Hamtnt '89 S on 
sored by the d b l l e  ARC, ~.xas Street ~oc ree l l i n  ten: 
ter For lntormatlon. La Early, PO Box 8404, Moblle, AL 
36689. /205)342-,601 %er 6 PM. 

free of charge, a chinceto find a home for your used equip 
ment with a new Ham. Please send us a short descriotion of . , - 

PENNSYLVANIA: September 9.4Mh annual W3PlE Gabfest 
sponsored by the Uniontown ARC. Club Grounds, Old Pitts- 
burgh Road, Uniontown. For information contact UARC c/o 
John Cermak, WBBDOD, PO Box 433, Republic, PA 15475. 
(41 2) 246-2870. 

I what you want to sell along w~th prlce, name, address and 
ohone number We'll run it once m a soeclat sectmn of the 
ilaislfled ads under the heading o i  BEGINNER'S RADIO 
CLEARINGHOUSE Please llmlt your ad to 20 words or less - 

QUAD ANTENNAS 1015 meter $139.95; 1015-20 meter 
$239.95. Li htweight fiber less construction. Lightning Bolt 
Antennas. 80 2. Vdant, #A 16156. (412) 530-7396. 

CUSTOM MADE EMBROIDERED PATCHES. Any size. 
shape, colors. Five patch mlnimum. Free sample, prices and 
ordering informallon. HElN SPECIALTIES, Inc., 7960 SW 
Manitou Trail. Glen Arbor. MI 49636. (616) 334-4385. 

COLLINS KWMIHF380 Repairs and discount accessories. 
Kirbv. K7WOC. 1713) 320-2324. 

ILLINOIS: September 10. The Wingbrook ARS's 5th annual 
HamICom uterfest lnwood Recreation Center 3000 West 
Jefferson itreel, ~oiiet. Gates open 6 AM. ~dmis$ion Wgate. 
Wadvance. For tickels or resewed tables SASE to BARS 
Hamfest. PO Box 1429. Bolingbrook. IL 60439-7429. 

PENNSYLVANIA: September 10. The Butler County ARA will 
sponsor their 12th annual Hamfest, Butler County Farm Show 
Grounds. Roe Airport. Butler. 9 AM to 4 PM. Free outside Flea 
Market. Inside admission $1.00. Kids under 12 free. Handi 
parking. For information: Chairman, PO Box 1787, Butler, PA 
16003-1787. 

REMOTE ANTENNA SWITCH. Dow Key OK72 single pole 
three throw all weather remote coaxlal switch. FQ range to 
500 MHz with vswr less then 1.1.1 at 100 MHz This 1s the . . - puality level needed for the serious HFNHF operator need- 

C C N  VIDEO CAMERAS: Color Senyo VCC3700 $395.00, Ing to changelcombine antennas without expensive multiple 
Panesonic BSW $219.00, others. Digital Vision PC BSW Video coaxial runs. Included are 4 new "N" connectors, I 20 to 24 
Digitizer $249.00, Color $399.00. Sampson Engineering, PO VAC wall transformer and 200 feet of rotor cable. Complete 
Box 550363. Dallas. TX 75355-0363. (214) 328-2730. package $90 UPS paid. Ed. W4GW. (803) 229-1 133. - 

AMIGA/COMMODORE CHIPS: F. A nus-461.50 Denise- 
$58.95 Paula-456.95 8520~1-$17.95 6526$12.95 
6567-$17.95. PM-41'2.95 and many others. Heavy dut; 
power supply for C64 $22.50. New, version II of the Commo- 
dore Diagnostian just out. Fantastic wa to diagnose and fix 
all Commodore computers and 15-41 d r k ,  $695 postpaid. 
Ask for our complete catalog on drams, diagnastlcs, and other 
exclusive products. Dealer rlcin available, we ship world- 
wide. MCNISA. GRAPEVIN~!GRO%P INC, 35 Charlotte Drive. 
Wesley Hills, NY 10977. 1-800-292-7445. 

WANT TO KNOW the latest FCC news, operating tips, tech 
talk, free ads? Get America's # I  club publication monthly. 
lowest dues figure in U.S. for 61 sewices and benefits. Jo!n 
the Triple States Radio Amateur Club. Send $3 50 for SIX 
mnthsto: TSRAC. Box 240, RD I. Dept HR. Adena. OH 43901. 

FLOOD YOUR MAILBOX1 You get 100's of radio I electronic 
S computer specially catalogs. Send $10 with your name 8 
address to: Electron~c List Sewice, PO Box 1683, Brookline, 
MA 02148 

MASSACHUSETTS: September 10. SEMARA Hamfest. Free 
admission. For information SASE to Semara Hemfest. P-105, 
S. Dartmouth. MA 02748. 

CALIFORNIA: Sedember 16. The 7th annual SCRA Ham 
Radio flea market and auctlon Sonoma County Fa1 rounds. 
8 AM to 2 PM. For tlckets and informallon write%noma 
County Radio Amateurs. Box 116. Sanla Rosa. CA 95402. 
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MICHIGAN: September 16 The Grand Rapid6 Amateur Radii 
Assoc~at~on's annual  electron^: Flea Market and Computer 
Show. West Cathdc Hgh School. 1801 Brlstd. Grand Rapds 
Doors open 8 AM Admlsslon $3. For ~nformatmn contact Don 
Hazelswart. KA8BCl (616) 363-0649 or wrlte PO Box 1248. 
Grand Raptds. MI 49501 

MISSOURI: September 17. The 14th annual Indian Foothills 
ARC Hamfest. Marshall Senmr Citlzens Building. Marshall 
VE exams and wheelchair access~ble. Conlacl WBOWMM. 
Box 721. Marshall. MO 65340. 

- 
NEW HAMPSHIRE: September 17 Flea Market sponsored 
by the Conloocook Valley Rad~o Club. Dav~sv~lle 7 Am lo 3 
PM Adm~sslon $1 buyers, $7 sellers For ~nlormaton War- 
ren Stlles WAIRLO. RD 7. Box 353F Deer Meadow Rd. Web- 
ster. NH 03303 (€43) 648-2604 

- 
NEW JERSEY: September 17 4tst annual Hamlest sport. 
sored by the SOulh Jersey Rad~o Assoclat~on. Pennsauken 
Hlgh School Parlung Lot. Pennsauken 8 AM to 3 PM Tchets 
$3 Wadvance. Wgate Tallgate spaca $5 Send check or MO 
wlth SASE lo Ed Rammlng AB2Y. 4500 Westfleld Avenue. 
Pennsuaken. NJ 081 10 (609) 663-5539 

OHIO: Seplember 17 Hamtest sponsored by the 2010 ARC. 
Mahonlng County Jomt Vocat~onal School. Palmyra Rd. Can- 
held 9 AM to 4 PM Adm~ss~on $2 Hand1 parklnq Contact 
Paul Resch (216) 7998352 Corney Farcas (216) 793-1353 

NEW YORK: September 17 Hamfest sponsored by LIMARC. 
Long Island Moblle ARC. NY Institute of Technology. Old 
Westbury Adrnlss~on $3 Contact Nell Hartman. WE2V (516) 
462 55490r Mark Nadel. NKZT (516) 796-2366 

- 
OREGON: September 22-24 Walla Walla Hamlesl. M~l lon 
Freewater Commun~ty Center. Mllton Freewater No admls. 
slon lee For lnlormat~on contacl W7DP. Walla Walla Valley 
ARC. PO Box 321. Walla Walla. WA Or call WASZAY at (509) 
525703 - 
CALIFORNIA: September 23 The Ventura County ARC's 
Hamfesl. Oxnard Communlty Center. 8M) Hobson Way. 
Oxnard 8 AM to 2 PM Buyers Free Seller's tables $7 50 
Wheelchair access~ble For ~nformatlon VCARC. PO Box 
2103 Oxnard CA 9 3 3 3  or call Dck WAGX)X (805) 4854462 

- 

MASSACHUSETTS: September 24 Tallgate electronics. 
computer and Amateur Rad~o Flea Market sponsored b the 
MIT Electronics Research Soctety and lhk MIT Radlo &XI- 
ety. Albany and Maln Street. Cambrdge 9 AM lo 4 PM Adm~s- 
Slon $1 50 Free off street parklng lor 1000 buyers For Inlor- 
rnatlon 01 space reservatron call (617) 2533776 

CONNECTICUT: September 24 The 7th annual Natchaug 
ARC glant tlea market. French Club on Club Rd, of1 rl 66. 
Wlll~mantlc 9 AM Admlsston $2 Under 16 lree For ~nlorma- 
tlon Pal Rogowsk~. NlGBP. 90 Becker Clrcle. Wlndsor. CT 
(203) 522 8028 evenlnqs 

COLORADO: Se tember 24 BARCFEST '89 s nsored by 
the Boulder ARC!, Exhlblt Bulldlng. Boulder g u n l y  Fair- 
grounds. Nelson and Hover roads. Longmont 8 AM to 3 PM 
Admlss~on $3 

NEW YORK: Seplember 30. The Etmlra ARA's 14th annual 
lnlernat~onal Hamlest. Chemung County Falrgrounds. Gales 
open 6 AM Tlckels at gate or from Dave Lewis RD 1. Box 
191. Van Elten. NY 14889. 

NEW MEXICO: September 30 Hamfest sponsored by the 
Northern New Mexlco'ARC. US Army Reserve Center. 2501 
Cerrlllos Rd. Santa Fe 9 AM to 6 PM Admlss~on $5 K~ds  
under 12 $3 BBO lunch Included SASE lo Tom Hardeh. 
K91KIl5. PO Box 233. Los Alamos. NM 87544 

KANSAS: September 300ctober 1 Kansas State ARRL Con- 
ventlon sponsored by the Wlch~ta ARC Red Coach Inn. 915 
E 53rd North. Wlch~la Doors open 9 AM both days Preregls- 
lratlon $5 $6ldoor Flea Markel table $6 Package prlce $20. 
Includes reglslratlon, banquel and breakfasl Maln lo 
WAOZWW. Vern Helnsohn '450 Backbay Blvd Wlchlla KS 
67701 

OPERATING EVENTS 
"Things to do . . ." 

!imptombof 2-4: WA7KYT. Cochtu, ARA will operate a spe 
clal event stallon lrom lhe ghost t o m  of Paradise. Arizona 
Suggested lreq 3 885. 7 285. I 4  288. 21 288 28 385 Also 
6 melers Phone and CW on all bands For a spectal cert111 
cale send a buslness SASE lo WA7KYT d o  PO Box 1855. 
Slerra Vlsta AZ 85636 - 
September 8-10: The Prince Georges Amateur Rado Emer- 
Fpncy Sewce 01 Prlncn Gwgnq County. Maryland. w~l l  oper- 
ale a spoc~al even1 slatlon at the Pr~nce Georges Counly Faor 
Sugg~sled freq SSB 3950 7275. 14340. 18150. 21435, 
2.1950. 78350. 50130 kHz Thls 8s the 293rd annwersary ot 
our county For a speclal cerllltcate send OSL toPG-ARES. 
PG-OEP. 791 1 Anchor Street. Landover. MD 20785 

- 
!Sq)lsmbw 17: The Prwldence. Rhode Island. Rad~o Assocl- 
allon and the New England Museum 01 Wlreless and Steam 
wlll operalep~nlly tocelebrate lhelr respecllve 7mh and 25th 
anlversartes Sepl 17 from 1400-24002 and Sepl22 from 1600. 
21002. WlNTE will operate lrom Ihe Massle Wlretess Stallon 
a1 lhe Museum In Easl Greenwich on 7 030 CW using classic 
wtreless sets For more knformal~on SASE to New England 
Wlreless. 697 Tllllnqhast Rd. E Greenwkch. RI 02818 

- - 

September 30: The West Alabama ARS of Tuscaloosa and 
the members of the Unlverslly of Alabama ARC wlll sponsor 
a specla1 event statlon commemorating college football great 
coach Paul Bear" Bryant WAARS wlll operate lrom the 
Campus 01 Ihe Unlverslly on all HF bands In the bottom 25 
kHz 01 the General portron of each band For a commemora 
tlve 8x1 1 cerl~l~care SASE wlth OSL to PO Box 1741 Tus- 
caloosa. AL 35401 or WD4DAT In callbook 

- 

FREE 1989-90 florid. two meter repeater dlreclones are cur- 
rentlv be~no dlstr~buted bv the Hernando Countv Amateur 
Rad o ASS; or Broohsv~fl&. FL ~ s k  lor o G i t  i n y  o n l G i ~  
Flor~da Welcome Center or SASE lo Repealer Dlrectwy. Her- 
nanao County ARA. PO6 1721. Broorsv~lle. FL 34605.1 721 

LAUREL ARC monthly (except December) Amateur exam ses 
sons lor all license classes No tee IS charged Prereglstrat~on 
1s requlred Call (301) 7751212. Maryland Radlo Center. 8576 
Laureldale Dr~ve, Laurrl. MD 20707 - 
NORTH COAST ARC 1909 LICENSE EXAMS. 12 30 PM. 

:",KT October 14. December 9 N Olmsled Communlty 
ot Loraln on W Park Novlce thru Extra Walklns 

allowed Talk In 145 29 repeater For ~nlormat~on Dan Sarama. 
KB8A I5591 Rademak~r Btvd Brookpark Oh1044142 267- 
5083 or Paullne Wells KABFOE Rtck Wells KBSCI. 777- 
94601719 8999 

AMATEUR RADIO CLASSES: For those people Interested 
In obtalnlng a Novlce (baslc level) Ham llcense or upgrading 
to TechIGeneral. !he Chelsea Clvll Defense. In cwperatlon 
w~th ORA Rad~o Club, w~l l  sponsor Amateur Rad~o Commu- 
nlcatlons classes evenlnqs a1 Chelsea Hlgh School starllng 
MARCH 7. 1989 For more ~nlormallon wrlle Frank Masucc~. 
KlBPN 136 Grove Streel Chelsea. MA 02150 Please 
enclose your telephon~ number 

THE MIT UHF REPEATER ASSOCIATION and the MIT Radm 
Soc~elv offer monlhlv HAM EXAMS All classes Novtca lo 
Exlra ~ednesday SEPTFMBER 20 7 PM. MIT R w m  1 I50 
77  Mass Avenw C.~mbr dyr  MA Reservaloons requested 
2 days In advance Conlacl &Ion HoMmann a1 161 7) 484-2098 
Exam tee $4 50 Br~nq .I cop, ol your currenl license (11 any1 
two forms of plcture ID, and a completed form 610 available 
lrom the FCC In Oulncy. MA (617) 770-4023 

Easy lo ,nsrall LOW Ptocn Cranh.uos lo 100 led 
I J 

Gwr 36 types alumlnun k r r  ~ (s - rpcml~  * w 
dsslgnld Ind m~nulstur~l-wrlle I01 6MIllr 

1 I40 
EXCELLENT FOR 

t ~ r  YI 
40 

Cnnk Up AMATEUR COMMUNICATIONS 1 If 

ALUMA TOWER CO. 

INDIANA: October t The Lake County ARC'S annaul Ham. 
lesl. Hammond Natmnal Guard Armory. 2530-173rd Street. 
Hammond 8 Am lo 2 PM General admlssoon $3 50 For more 
~nlormatlon conlact Ken Brown. WD9HYF. 918 Ch~ppewa. 
Crown Polnt. IN 46307 or call (219) 6655035 . . 

ILLINOIS: October 1 The Chlcago ARC w ~ l l  hold 11s semi- 
annual Open House". 5801 N Pulask~ Road. Chlcaqo I 2  
noon to 5 PM local tlme How lo become an Amateur Radlo 
operalor and Ilve demOnStra110nS 01 equlpment wlll be shown 
by expert? For ~n to  call Dnan at 869-HAMS or Georqe at 545. 
3677 

SOUTH CAROUNA: O c t W  I. York Counly ARC's Hamtest. 
Joslyn Park. Rock Hill 8 AM to 4 PM. For lnformallon York 
County ARS. PO Box 4141 CRS. Rock HIII. SC 39731 

INDIANA: October 8 Hunllngton Hamfesl sponsored by the 
Hunllnqton County ARS. P A  L Club. 2099 Rlvers~de Drlve. 
Hunl~nqlon 8 AM to 3 PM Vendor selup 6 AM Tlckels 
$3 50ladvance; t41door. 8' table $5. For tickets or tables Jlm 
Covey. KCQGX. 1752 Kocher Slreet. Huntington. IN 46750 

- 
OHIO: October 8 The Northwest Ohlo ARC will hold thelr 
annual Hamfest. Allen County Falrgrounds, At 309. E Llma 
Admlssmn $3 Wadvance and $4/docx All areas hand1 accws- 
s~ble 

Tomid Corns. 
Iron Powder 
& Ferrite. 
Fenlte Beads. 
Fenlte Rods. 

I Free catalog and wnding chart on request, 



RI Monthly 

Read All About Your 
Favor~te Modes Of 

Digital Commun~cattons! 
* Subscribe Today! * 
Digital Digest 
4063 N. Goldenrod Road 
W ~ n t e r  Park, FL 32792 

Per Year 
LJ s " 2  00 Elsewhere $160° 

Plvrhlr J 4 1. 11 i Cherk or M O Pnfprrpd 

Bring things down for 
safety and convenience. 

Nwar cllmb apaln wllh Ihla lower and elevalor syslem 
MARTIN TOWERS are made 01 alumlnum and speclllcally 
enploeersO lor use with the HAZER Two slzes of lower M 13 
(13 w8de)andM 18(18~wldelAllbollW~onstru~Ilon nowelds 
Easy lo  ~nslal l  hlnge b u s  walk up erectlon next plumb wllh 
lerellng boll3 ~n base Mounl anlcnnss and rolor on HAZER In 
refilcal upnpht posmtlon then wlnch lo  lopo l  tower lor normal 
operallng posntlon Guy wore. fsslan to HAZERoraWve HAZER 
a! top 01 tower Safely lcck System operates whlle ralslng of 
lowenng Nevercan fall Pholoabove shows HAZER mldwayon 
lower 
Complete lower UPSormolor lrelghl shippable Pm aasernbld 
or kll lonn 
Ssna lor free de1a11s 01 HAZER klls for Ronn 20 2% 45 55 and 
Other lowers 
Specla1 tower price M M 13 hlnged baas concrele lw l l ng  
sectton HAZER kt1 - 1126980 Includes all hardware wlnch 
cable elc FOB Boonvllle MO 
Masts mtots lhrust baarlngs guy wlre turnbuckles also 
available 

108-1000 MHZ RADIO DIRECTION FINDING 
* Interference Location 
* Stuck Microphones 
~t Cable TV Leaks 
* ELT Search & Rescue 

to 1 GHz. Call or write for deta~ls. 

F?O. Box 31819 

Neiv Techr~ology (patented) converts any VHF or UHF FM receiver into a sensitive Doppler 
shrft radro d~rectlon finder. Simply plug into receiver's antenna and external speaker jacks. 
Models available wrth computer interface, synthesized speech, fixed site or mobile - 108 MHz 

(602) 488-9755 0 INC Phoenix, AZ 85046 FAX (602) 488-1295 

I ~ . t ~ * t . c ~ ~ o n g u . n n t w ~  cal l  todw and c h a w  to VIU. 
Ya8tmrCrd or mall chock 01 monay ombr I 



EVERY ISSUE of 

HAM RADIO 
now available on microfiche! 

The entire run of Ham Radio Magazine 
(March, 1968 thru last year) is ready 
to ship to you in one, easy to use 
format. 

Our 24x microfiche is easy to read and 
very compact. We offer a hand held 
reader for $75, and a desk model for 
$200. Libraries have these readers. 

As a bonus, you will receive Ham 
Radio Horizons (3177 thru 1 2/80) free. 

Everything is included, front cover to 
back - ads too! 

Annual updates will be offered for $10. 

Send $185 payment (visalmc 
accepted) to: 

BUCKMASTER 
BUCKMASTER PUBLISHING 

Route 3, Box 56 
Mlneral, Vlrglnla 23117 

1031894-5777 vlsalrnc 8001282-5628 

I PC Slow Scan $149.95 1 
A complete slow scan television station for your 
IBM PC or compatible. Send and receive images 
In up to 10 shades of gray depending upon your 
graphics card and printer. 
I*: 

Demodulator Modulator 75 Page Manua 
Software ' Tutorial Cassette 

-8s: 

m- r r " \ / \ , (~~ lc  c - r l  Tct ltrlcllclcrrr 

r pmcComm E ~ , ( f , / ! r r , o  \/(7\/,,- 

I *  -l) t l  f't - 
P A C K E T  

Fw. Announcing the next gen- ji 
eratlon of packet controllers 
for the serious operator! I; . The new ~nboard PC-320 r 

ters  he TNC-320 outboard , 
controller offers many of the 
same h ~ q h  qual~ty features' 

PC-320 features . . . PC-320 
Dual modr'ms for opt~mal VHF and HF operatlon 

Appears as regular PC ser~al port (COM 1-4) - operates wtth 
any termlnal program lust l ~ k e  an external TNC 

$2Ogg5 , 
Dual Powered -operates from PC or external power Contln- TNC-320... $1 94-95 
ues complete operation even when the PC IS turned offt  I W w d  8 Trstrd 1 Year Warranty1 

Personal Messaqe System- the most advanced personal mall- For complete rnlo 8 sp~c~lrcalrons 
box ava~lable rncluded at no extra charge Call iBl31 874 7980 7 0  Order Calf 

Tol l  F~H: 1-800-223.351 1 i 
Dlsplays on-screen HF tunlng ~ndlcatorand s~mulated 'LEDs c , ~ ~ , ~  a,dp ~crel,frd, 

-------------------------------------J' 

I 
1 PacComm 3652 West Cypress Street Tampa. Florida 33607 , 

I 
Please send PC-320 TNC-320 More Information FREE Catalog , 

I 
( Name -- Call - .- - . - -  

Address . . .  . ~ - -- - - - . - . . . - - - - - I 
State ZIP - . Cardn Exp Date - 

MONEY BACK GUARANTEE! Add $4 00 shrpprng handlinq per order FL resrdenrs a d d 6 " ~  sales tax I 
Malor Cfedrt Card grve number exprration and s,gnarlrre F A X  813-872-8696 1 

I,,,,,,,,-----------------------------. 

Balanced J-pole antennas that roll t: 12 
up small enough lor your pocket or to M - us ps 
briefcase. yet have the punch of a 6M- U Z  9) 

lull size hall.wave radiator. A great 2M-V9w 

answer lor apanment dwellem or as Z,U,:: 
a super emergency antenna. Don't 
leave home wthout one, because 

4 i 

C 0 M M U N I CAT I 0 N S 
~ V H F  

::::i:E::::~+;::k;u:; 

9:00 am - 5:30 pm 
weekdays 

Weekends and evenings 
by appointment. 

ICOM. AEA. LARSEN. VAN GORDEN. 
VIBROPLEX. NYE-VIKING. FALCON 

280 Tiffany Avenue w ' ~ ~ , ~  unBvrm&L.d*! 

Jarnestown. New Yo* 14701 pH. (7161664-634 5 



Garth Stonehocker, K0RYW 

EQUINOX SEASON 
DXlNG 
The two equinox seasons are March- 
April and September-October. During 
these two periods of a few short weeks, 
the maximum usable frequencies 
(MUFs) make fairly rapid seasonal 
changes. For the spring equinox, the 
MUFs daily curve changes from a high 
peak near midday to a lower, broader 
one across the longer daylight hours 
of summer. The problems caused by 
these changes are magnified by a 
more direct alignment of the solar wind 
stream of charged particles into the 
polar region and from those stored in 
the earth's tail, which perturb the 
earth's magnetic field and, therefore, 
the ionosphere. As a result, the signals 
propagating between two points via 
the ionospheric mode can become 
weakened and variable in the mid- to 
high latitudes and near (k20 degrees) 
the geomagnetic equator. 

The high latitude propagation is 
applicable to east-west paths like the 
US to EU or JA because the great cir- 
cle of the path reaches as high as 
67 degrees north latitude. The MUFs 
and the signal's amplitude variations 
usually decrease there. Both can be 
estimated from the geomagnetic A 
and K figures. In the equatorial region, 
the propagation is applicable to tran- 
sequatorial path openings. Here the 
MUFs usually increase during the dis- 
turbance, but the signal is still weaker 
and variable. However, the variability is 

more often on a decreasing trend in 
the spring while it tends to increase in 
the fall, holding the earth's magneto- 
sphere steadier from increasing solar 
radiation pressure. Therefore, solar flux 
and geomagnetic disturbance inten- 
sity tend to have opposite trends. 
Several large solar flares started off the 
month of March with some proton 
events and geomagetic disturbances 
indicated by the A figure of 20 to 30 
units. Another on the 10th at 1922 UTC 
started a polar cap signal absorption, 
followed by a big geomagnetic distur- 
bance of 248 A units - the largest 
recorded in the United States since 
1960. Numerous reports of aurora, 
some as far south as Key West, Florida, 
showed the extent and intensity of this 
disturbance. Later in the month, 
another large flare on the 23rd at 
1959 UTC caused a proton event in 
41 minutes, and a sudden geomag- 
netic disturbance on the 27th at 1342 
UTC. Large flares on the 24th and 26th 
kept the disturbance going until April 
5th. A large flare at 0105 UTC on April 
9th had little effect, until another 
occurred on the 23rd at 2155 UTC. 
This probably caused the geomag- 
netic disturbance of April 25th at 1859 
UTC, which continued with minor flar- 

sunspot number equinox season. I'll 
report the propagation problems next 
month. 

Last-minute forecast 
The higher frequency bands are 

expected to be best, with longer open- 
ings the second and third weeks of 
September. The cause will be higher 
MUFs resulting from the expected high 
solar flux. These higher MUFs also 
cause a decrease in signal strength. 
A return of transequatorial one long 
hop openings in late evenings, espe- 
cially during geomagnetic distur- 
bances, can really enhance signal 
strengths. The disturbed periods may 
fall on the 6th and 7th, 13th through 
15th, and 22nd and 23rd. Because this 
is the fall equinox season, there may 
be more periods of disturbance than 
those listed. The lower bands should 
improve with less thunderstorm noise 
and summer signal absorption both 
day and night. Expect better openings, 
especially from unique DX locations, in 
east-west directions during the distur- 
bances. The full moon is on the 15th 
and perigee on the 16th. The autum- 
nal equinox occurs on the 23rd at 
0120 UTC. 

Band-by-band summary 
Ten, 12, 15, 17, and 20 meters pro- 

vide many openings during the day- 
time. The openings will be shorter as 
you go up in frequency, centered 
around noon, and mainly in southerly 
directons. Fifteen meters is only a tran- 
sition band between 12 and 17. Twenty 

different because it's lower in ampli- ing until May 7th. These are the major meters, the mainstay daytime band for 
tude changes and at a faster fre- geophysical events of a typical high northerly directions, will be useful 
quency - like flutter. towards the south in the evenings. 

The disturbed period of last March- Thirty, 40, 80, and 160 meters are all 
April is a good example of equinox good for nighttime DX. Thirty and 40 
season changes. The spring season is meters are the night frequencies for the 
often more disturbed than the fall. This east-west and northerly directions, and 
is probably because the solar flux is for distances of 1600 miles. Q 
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2x42 BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN 
DUAL BAND 
BASEIREPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 
446.500 MHz 

GAIN: 
VHF . 8.2dB 
UHF . 11.5dB 
VSWR . 1 .. 1.2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT . 
WEIGHT: 5 LBS . 3 OZ . 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN . 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 

AMATEUR SPECIAL 

1275 NORTH GROVE ST . 
ANAHEIM, CALIF . 92806 
(714) 630-4541 

CABLE: NATCOLGLZ 
EAX (714) 630-7024 
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Dependable Service 

At The Right Price.. . Everytime 

blastercard-VISA-Discovel 

Add Optlonal6m, 2m 8 Tuner and Power Supply 
70cm Modules Mobtle 10 MeterTranscelver 

SSBIAMIFMICW 
25 Watts PEP 

Lots More Features New FM Offsets 8 PL 

- 

KENWOOD 0 IC-725 lCOM NEW ULTRA COMPACT 
HF TRANSCEIVER 

FT-736R VHF-UHF BASESTATION 

SSB, CW, FM on 2 Meters 
and 70 cm 
Optional 50 MHz, 220 MHz or 
1.2 GHz 
25 Watts Output on  2 Meters. 
220 and 70 c m  
10 Watts Output on  6 Meters 
and 1.2 GHz 100 Memories 

Complete Terminal U n ~ t  for . 
Morse, Baudot, ASCII, AMTOR 

NOW 1/2 PRICE 
CLOSEOUT SPECIAL 

ONLY $169. DELIVERED 
Software Available 

Call Now-Don't Delay 

USBILSBICW, AM Recelvo 
Optronal Module for AM 
Transm~t and FM TWRX . 160-1OM Operation 100 W Output 
Receive 30 kHz to 33 MHz 
26 Memories with Band 
Stacking Registers 

TS-140s AFFORDABLE DX.lng! 

HF Transceiverwith 
General Coverage Receiver 
All HF Amateur Bands . 100 W Output 
Compact. Lots of Features 

Kc' Kantronics 
IC-2GAT 
IC9GAT 

2 Meter & 440 
Handhelds 
IC-2GAT 
RX 138-174 MHz 
TX 140-150 MHz 
7 Watts 
ICdGAT 
440650 MHz 
6 Watts 

KT-Series Mono-Band Radios 
10-15.20-30-40-80M MODELS 

SAVE BIG $$ 
Best Price and Complete Selection 

Call Today! 

TM-231A 
2METER FM MOBILE I 

50 Watts Output 
20 Multi-Funct~on Memories 
Selectable CTCSS Tone Built-in . Operate 4 Mobile Rigs with Optional 
IF-20 lnlerface and RC.20 Controller 

MFJ SALE MFJ I KENWOOD I AUNC13 
SUPER SALE TH-25AT .€! POCKET-SIZED 

AND POWERFUL 
Frequency Cover- 
age: 141-163 MHz 
(Rx), 144-148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

LARGEST STOCK OF ALL 
YOUR MFJ FAVORITE 

ACCESSORIES 
CALL TODAY FOR 

BEST PRICE 

ALD- 
2ml7 
Dual 
Mobi 

IC.32AT 
SUPER DUALBAND 
FM HANDHELD 

5 Watts on Both Band: 
Receive 138-174 MHz 

440-450 MHz 
Stores Standard and 
Odd Offsets 

$449.00 Del~vered 
25W. 21 Memories. Dual VFO's 
At an Unbeatable Price! 

1 Extra Savings on the MFJ-1278 
Multi-Mode Data Controller 

irk Lane 
1 int 

Call Toll N.W. Bu! 
. A .  A- 

Kansas City, MO 64150 Free-Sam - 6pm Mon.-Fri. 9am - 2p 
In Missouri Call-816-74 

m Sat. 
1-8118 

siness Pa -- - . -. -. 
7 

TLER 
- 

HUS 
MOST ORDERS SHIPPED SAME DP 



OPTOELECTRONICS 

You have counted on OPTOELECTRONICS And more and more of you are counting on 
Hand Held Frequency Counters to be the us, technicians, engineers, law enforcement 
best quality, to be affordable and reliable. officers, private investigators, two-way radio 
We have been there for you with Frequency operators, scanner hobbyists, and amateur 
Counters that are compact and ultra sensitive. radio operators, just to name a few. 

All counters have 8 digit red .28" LED displays. Aluminum cablnet IS 3.9" H x 3.5" x 1 ". Internal Ni-Cad batteries 
provlde 2-5 hour portable operation with continuous operation from AC line chargerlpower supply supplied. Model 
CCB uses a 9 volt alkallne battery. One year parts and labor guarantee. A full line of probes, antennas. and accessories 

IS available. Orders to U.S. and Canada add 5% to total ($2 mln. $10 max). Florida res~dents, add 6% sales tax. 
COD fee $3. Forelgn orders add 15%. MasterCard and VlSA accepted. 

Hand Held Series Frequency Counters and Instruments , 

Orders to U.S. and Canada add 5% to total ($2 rnin. $10 max). Florida residents, add 6% sales tax. COD fee $3. 
Fore~gn orders add 15%. MasterCard and VlSA accepted. 

OPTOELECTRONICS INC. 
5821 N.E.  14th Avenue Fort Lauderdale, Florida 33334 

1-800-327-5912 FL (305) 771 -2050 FAX (305) 771-2052 / 103 

CCB 
10 MHz 
1.8 GHz 
Security 

$99 

N A 
< 5mv  
< 5 m v  
< 5 m v  
< 10 mv 
< 30 mv 

ACCURACY ALL HAVE +I- 1 PPM TCXO TIME BASE. 

2400H 
10 MHz 
2.4 GHz 
Microwave 

$1 89 

N A 
< 3 mv 
< 3 m v  
< 5 mv 
< 7 m v  
< 30 mv 

1300HlA 
1 MHz 
1.3 GHz 
RF 

$1 69 

N A 
< 1 mv 
< 5mv  
< 20 mv 
< ;00mv 
NA 

I MODEL 
RANGE: FROM 

TO 
APPLICATIONS 

PRICE 
SENSITIVITY 
1 KHz 
100 MHz 
450 MHz 
850 MHz 
1.3 GHz 
2.2 GHz 

CCA 
10 MHz 
550 MHz 
Security 

$299 

NA 
< .5 mv 
< 1 mv 
NA 
NA 
NA 

2210 
10 Hz 
2.2 GHz 
General Purpose 
Audio-Microwave 
$21 9 

< 5 m v  
< 3 m v  
< 3 mv 
< 3 mv 
< 7 m v  
< 30 mv 



TWO OFAMEHCAS 
MOST POPULAR 

So \rontlor I'i~c~s~r's FT-2I2It Sorios ilnd 
FT-47OOKfl rrlo1)ilt~s iIrtl so 1)opul;ir. 

Sot ortlv itrtl t h(l ft>i~turos uniclutb and 
L plant iful. i'hc oncration hasslt~-f;o~ And 

i htb nlount ing c;pt ions fltbxit)lt*. Hut i~lso, 
thilcIl rit(ii0 l l O \ V  f(billl lr(~~ i1 ~ ) l l i ~ t - i l l  1'1, 
I)oi~rtl. I ' IIIS !/rt/l (.l~ooso t hcl o ~ t  ioni~l 
111ic. t I l i t t  l)chst fits \.'our opcriit ing ;111(1 
I)llt!dtlt llotlcls. 

FT 212R SERIES. SiORII,ES TI1:lT 
I)OI'I3IAE :IS XSS\\'EKIS(i I\iA('HISES. 

I,ct the 2 rncter FT 212R and 440 MHz 
FT-7I2R take messages while yon're iiway (with DYS-I option)! 45 watt output (35U' 
on 440 MHz). Ruilt In PI, ( ~ n c o d ( ~ i d ( ~ ~ o d ( ~ .  18 mrmorics. 1Iuto roptbatcr shift. Scan 
ning rorrtincs. Offsot tuning from i111~ memory channel. Estrndcd 
rccaoivc. AudiI)lrl command vtlrific~;ltic~rl. 
Highllow powcr swt tch. Ovclrsizc ant t)clr 
display. Choicao of optional mi(,. \lor() 

FT 4700Rti. DlIlIL RAND PERFORSI:INCE, 
REMOTE HEAD IIESIGN. 

Mount t hc FT 4'iOORH illn~ost an\' 
whclrc- thcl"hrains"on your d;ls11, visor, 
or door; t hc "muscle" undcr your sc~l t .  -50 
\vatts on 2 rnotcrs. 40 ivatts on 70 cam. Full 

. crossb;incl duplex. Simultanc~ous n~on~toring 

ivo. Rc~v~rsc~ rq)(lator s t ~ ~ f t .  High lo~r 
cord for rrmotc mollntlng. Bright 

i t  c~onlrols. Choichc of opt lortat nllcb. 

&in t mortl informat  on:' Call (800) 999-2070 toll 
frw. Or ask your d(vdcr ahout Y;~PsII's FT 212R Sorics and 

FT -1700RH mohilrs today.3r.o of tlntcric~iis fiiirorilcs. 

YAESlJ USA 17210 Edwards Road, Ccrr~tos, C:1l I)OiOI 
(21.3) 403 2700. REPAIR SERVICE: (213) 404 4884. 
PARTS: (21:j) 4 0  1 4847 

YAE SU 



use, VFO or quick step channel tuning, ~ i ~ ~ ~ t  keyboard frequency entry. Optional Accessories: 
direct keyboard frequency entry, 59 PS-31 P0wt.r supply SP-31 External speaker 
memory channels (10 channels for sep- 59 multi-functi0n channels. UT-10 1200 MHz modulr *VS-2 Volce synthes~zer 

arate receive and transmit frequency Store frequency, mode, tone lnforrnatlon, unlt TSU-5 Programmable CTCSS decoder 
offset and quick step function Ten memory IF-232CCompurer lnterface . MC-60A/MC-801 storage), multiple scanning and multiple chanr;els for "odd split,, scan stop modes.The Automatic Lock MC-85 Desk mlcs HS-5/HS-6 Headphones 

Tunina IALT) on 1200 MHz eliminates a CTCSS encoder built-in. Optional TSU.5 MC-43s Hand mlc PG-2s Extra DC cahle 

frequen'cy d;i ft. Power output is 45 watts enables sub-tone decode. 
on 144 MHz, 40 watts on 450 MHz, and Memory scroll function. Th~s feature 
10 watts on 1200 MHz. (The 1200 MHz allows you to check memory contents 
section is an optional module.) without changlng the VFO frequency. KENW/OOD 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EOUIPMENT GROUP 
PO. BOX 22745.2201 E. Dorn~nguez Street 
Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
PO. BOX 1075,959 Gana Court . 
M~ss~ssauga. Ontarlo, Canada L4T 4C2 



PRACTICAL ELECTRONICS 
BOOK CLUB 

Membership Order Card 

Please enroll m e  a s  a member and send m e  the  three 
choices I have listed below. Bill m e  only $3.95. plus local 
tax, postage and handling. I agree t o  purchase a minimum 
of t w o  additional books during my first year a s  outlined 
under the  Club plan described in this ad.  Membership in 
the  club is cancellable by m e  any  time after the  t w o  book 
purchase requirement has been fulfilled. A shipping and 
handling charge is added to  all shipments. 

lndicate below by number t h e  books you want. A few 
expensive books (noted in the  descriptions) count  a s  
more than one  choice. 

Signature 

Name 

AddresslApt. # 

City. State. Zip 

Corporate Affiliation 

This order subject t o  acceptance by THE PRACTICAL ELEC- 
RONICS BOOK CLUB. All prices subject t o  change without 
notice. Offer good only to  n e w  members. Foreign member 
acceptance subject t o  special conditions. 
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