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on the market. Measuring only 3.7 Inches 

by9 inc t  

Supe 
Performance 

s a high performer on all the ham 
ds, and as a general coverage re- 
er, the IC-735 is exceptional. The 
'35 has a built-in receiver attenuator, 
Imp and noise blanker t o  enhance 
iver performance. PLUS it has a 
jB dynamic range and a new l o w  

noise phase locked lo 
quiet rock-solid recep 

c zn e 
'he large dout an( 
~lently lo1 ~tro ls  en, 
?ration, e\ mbl le er h 

controls whlcn requlre rare aajusrment 
are placed behind a hatch cover on the 
front panel of  the rad~o. VOX controls. 
m r  qaln and other seldom used controls 

b' 

,I. 

It' 
ban1 
ceivl 
- - 

1 
ver 
OP' 

LCD rea 
cated cor 
len in the 

, . 

j con- 
able easy 
Nironmw .. . 

high 
the I 
mari~ 

by 9.5 inc 
C-735 is 
i e  or ba! 

zhes widt 
well suit 
;e statior 

les deep, 
obile, 
In. 

:ed for m 
I operatic rece 

105c 
lop for el 
 tio on. 

are 
acc 

kept out 
:essl ble. 

of sight, but are in nmediate 

Nnore 'Standard 
War-for-dollar the IC-735 includes 

rrlure standard features ... FM built-in, an 
HM-12 scanning mic, FM, CW, LSB, USE. 
AM transmit and receive, 12 tunable 
m-nlories and lithium memory backup, 

tram scan, memory scan, switchable 
I, automatic SSB selection by band, 
peech processor, 12V operation. 
,inuously adjustable output power 
o 100 watts. 100% duty qcle and a 
I tunable notch. 

Options. A new line of accessories 
is available, including the AT-150 elec- 
tronic, automatic antenna tuner and tht 
switching PS-55 power supply Thn 

IC-735 is also compa 
ICOM's existing line I 
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e e  the 1C-735 at your authorized 
>M dealer. For superior performance 
j innovative features at the right price, 
k at the ultra compact IC-7?< 

tible wit1 
3f HF act 

lt ions 
ICOM Arner~ca, lnc, 2380-116th Aw NE. Bellewe. WA 98004 / 3331 T o w e W  Drrve. Su~te 307, Dallas. TX 75234 

All rtntM Ipctncarlom are apporfmlr aM rubjrcr to m n g r  wtmul mnrr of obllqatan All ICOM rrxllos liqnahrmty crcrra FCC rrgulatnm lrm8rrng rplracn misson\ 735.85 

.r 177 



A!! h-pq?!' 

Kantronics F ,  \ r'\ 

Presenting three intelligent, versatile, 
compatible terminal units. 

"SMART" means an internal microprocessor is used 
to improve performance and add versatility. The 
"Smart" Kantronics TU's can transmit and receive 
CW/RTTY/ASCII/AMTOR or Packet when 
combined with your computer and transceiver. 

Any computer with a serial RS232 or TTL 
port can connect directly to a Kantronics TU. 
A simple terminal program, like one used with a 
telephone modem, is the only additional program 
reqhred. Kantronics currently offers Pac- 
term and UTU Terminal Programs for 
IBM, Kaypro, Commodore 64, VIC 20, and 
TRS-80 Models Ill, IV, and IVP. Disk 
version $ 1  9.95. Cartr~dge $24.95. 

I JTI I The Universal Term~nal unit (UTU) - - 
is the original "Smart" amateur TU. &.,,.--+ a r r ~ ~ ~  - - - ~  

CW, RTTY, ASCII, and AMTOR can all 
be worked with this single unit. 
Switched capacitance filters and 
LED display tuning make using the 
UTU easy for even the Novice. 12 
Vdc 300mv power supply required. 
Suggested retail $1 99.95. 

UTU-XT The UTU-XT is an enhanced M ~ w ' .  
version of the UTU. Programmable baud KPC-2 Kantronics AX.25 Version 2 TNC fea- 
rates, tone frequencies, and tone shifts give tures a built-in HF modem, full duplex opera- 
special versatility. Automatic Gain Control and tion, multiple connects, and over 100 software 
Threshold Correction circuits greatly enhance commands. A serial RS-232 or TTL (C-641 
sensitivity and selectivity. A RTTY signal VIC-20) port gives universal compatibility. 
detect circuit mutes copy with no carrier, and The enhanced generic command structure 
the CW filter center frequency and bandwidth fits any computer, even PC compatibles. All 
are programmable. Power supply is provided. this combines to make KPC-2 the only TNC 
Suggested retail $359.95. you'll ever need. Suggested retail $21 9.00. 

For- rnorcl i n f o r m a t i c  1.1 c o n t a c t  y o u r  l oca l  fl 138 

Kaiitronic:, d1nIe1- o r  wr i te :  
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The new TS-940s is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. 
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making history 
It wasn't Chernobyl - just a few small-town hams meeting over dinner to plan the first use of Packet 
Radio in an evacuation simulation in the towns surrounding a local nuclear power plant. While packet had 
been used in similar exercises elsewhere with some success, this was a "first" for our rural area. 

Even though the task - handling incoming and outgoing health and welfare traffic - seemed straight- 
forward enough, there were plenty of problems to work out. There was the familiar challenge of finding 
volunteers for a weekday drill during normal working hours. There were also problems peculiar to packet 
itself. Given the relative newness of the medium, convincing the planning agencies of the viability of pack- 
et hadn't been easy; the drill would be a test not only of the emergency response system as a whole, but 
of the local Packet Radio system under pressure. 

Although there's plenty of packet activity in this part of New Hampshire, it isn't what you'd call a high- 
traffic area. Digipeaters are few and far between, and hilly to mountainous terrain can make propagation 
quirky at best. Then there's the complexity of the medium itself: even experienced operators have been 
known to stare at their CRTs for embarrassingly long moments of uncertainty. (The popular WORLI soft- 
ware includes an incredulous "What?" response for those occasions when an operator's instructed the 
packet board to do something incomprehensible or just plain silly. But while the operator may not be will- 
ing to admit complete and utter discombobulation, the equipment, or at least the software, is refreshingly 
frank in this regard.) 

The evacuation simulation - and its packet component - were successful. Time-critical traffic was 
received and passed immediately; less urgent traffic was received, stored on a packet bulletin board, and 
then forwarded to the National Traffic Service (NTS) or other packet stations well within deadlines. 

Packet radio is here. It's hot, growing like crabgrass, and becoming both more accessible and affordable 
by the day. How hot? The first printing of Jim Grubbs, K9Elfs book, Get *** Connected to Packet Radio, 
was sold out in only 60 days. Manufacturers say they're just barely keeping up with demand for new equip- 
ment. Experienced packeteers upgrading to new equipment have no trouble selling their old TAPR-1's at 
hamfests. There's no question that younger hams, particularly in urban areas, are turning to packet in im- 
pressive numbers. Senior hams maintain a smaller but conspicuous and growing presence. 

There is help for newcomers: Jim's book, for example, and instructional videotapes available from Kan- 
tronics and TAPR go a long way toward demystifying Packet Radio. And like the legendary Scout who 
escorted the elderly woman across the street against her will, Packet operators bring missionary 
zeal to their avocation. It isn't difficult to get them talking about Packet Radio; it is difficult to make them stop. 

Sometimes we'll hear someone who's read about Packet but not tried it say that it just doesn't make 
any sense. And sometimes somebody who's tried it will insist that it still doesn't make any sense. Packet 
is new and anything but simple; it has been suggested that if some operators, particularly in high-traffic 
urban areas, were more patient with newcomers - at least as patient as WORLl's software, with its en- 
dearing "What?" response - Packet Radio might experience less attrition. 

It's one thing to get Amateurs into Packet Radio and another to keep them there. Affordable equipment 
and accessible technology will get them there; patience will keep them. 

Dorothy Rosa, KAILBO 
Assistant Editor 

4 August  1986 



The Smallest HT! , 
Kenwood's advanced technology brings you a new standard 
in pocket/handheld transceivers! 
Hiqh or low power. , -- 
rl;tioosi. 1 watt hlgti 
i:nough lo " t i ~ t "  rnost local 

' 

r~.pcal~rs;  or a hattery- 
,;;lvln(j 150 mW low 
Pocket portability! \ 
licnwood's THst?rlrs HTs 
1 ~a'ck corivenlonl. rel~ahle . 
~~erlorriiance In a package 
,;o sln;jll, 11 sl~ps rnlo yot~r 5 
<;hlrl pocket' II rneas(lrc?s ,! 

ilnly 57  (7.24) W u 120 
1.1.77) H x 28 (1.1) D nini 
111ich) anrl we~ghs 260 g ; 

1.57 Ih) with PB-21. 
Expanded frequency 
coverage (TH -21 ATIA). 
Covers 141.000-150.995 
hlHr In 5 kHr steps, 
~rrclrldrs ccrla~n MARS and 
CAP frcq(renc:~r~s. 
TH-31AT/A: 2:'0.000~ 
?24.!irlii MI47 Iri 5 kHz steps. 

El--oea!i?r offv.r swi;:lh. 
TH-ZlAT/A: k i j 00  kHz. 
s l l l lp l~x. 
TH-31AT/A: 1.6 MH7. 
rr:verst-.. s~r i ip l~x.  
TH-41AT/A: i 5  MHz. 
slmpic~x. 
Standard accessorie 
Ruhher flex antenna. 
earphone. wall charger. 
180 mAH NrCd hallcry 
~ a c k ,  wr~st strao. 
buick change.'locking battor" case. 
T l i r  rech;~rgc>;~hle Ixitlrry (.:IS(-, sri;ll)c; sccr.ltc>ly 
into place. Opt~onnl hattrry (:asps anrl adapters 
arc avall:~hle 
Rugged. high impact molded case. 
Thr. high Imilact case 1s scuff res~stant, to retaln 

I 
~ l s  attract~vlt styl~ng, evPn w~th  hard LISP. 

Sce your ;~i~thor~rr,d Kcnwnr~d dcaler and tclke 
home a pnckrtf~rl of (~f?rforrrl;~nce lorlay' 

TRIO-KENWOOD COMMUNICATIONS 
11;1 i\'..'.l :Y.IIIIIII '> / I , . , . '  

l., ,,,1,~1 1,) , l , l.,~,,\ , '411. ,I 



A "NEW" ELECTRONIC COMMUNICATIONS PRIVACY ACT WAS PASSED by the House and sent to the 
Senate June 12. The new act. HR-4952, is essentially a somewhat tempered rewrite of the bill 
approved by Rep. Kastenmeier's subcommittee May 14 (see July Presstop). This version, which 
received House Judiciary Committee approval June 10, is much less "hardline" than the previous 
HR-3378 which, for example, would have made the mere "interception" of a protected transmission 
illegal -- even if it were scrambled and thus unintelligible to the person who'd tuned it in! 
Under this new version, no crime occurs unless there is an "acquisition of the contents" -- a 
change suggested by the Association of N w t h  American Radio Clubs. 

The DefinUiLQn of "Readily Acc-ble To The b r a ; L  Public" has also been improved and 
clarified. To be off-limits under HR-4952, a transmission would either have to be scrambled or 
encrypted, use "secret" modulation techniques, be carried on a subcarrier or via satellite. 
transmitted by a common carrier (but not paging), or on broadcast link frequencies. 
Specifically not protected are government, law enforcement, public safety, aeronautical. 
marine. CD, cordless telephones, and of course. Amateur. CB, and CHRS. 

. ! h f . s d a n a t e l u . w  This Bill Is O b b r i c t i ~  than its predecessor, it 
still suffers from the same basic defects discussed at length in the February, 1986 b m b  
editorial. It takes away an established right, that of tuning a radio wherever one wishes, and 
then restores it piecemeal. And it's still an unenforceable attempt to provide an illusion of 
privacy (by Congressional mandate) to a private industry, cellular radio. 

The Bill Bas Now G m e  To The Senate Where It's Been Adopted, word-for-word, as 5-2575. 
Though one Senate aide has said he expects the bill "to move pretty quickly" now that it's 
received House approval, it's sure to receive some critical Senate scrutiny. Nevertheless, full 
Senate approval could come as early as late July after the Senate returns from its July 4th 
recess. ANARC has asked the Senate Subcommittee on Patents, Copyrights, and Trademarks to hold 
at least one additional hearing before bringing the bill to a vote. 

. f C . . Law in its present form. 
A N A R d s h e r s ,  and many others who 
wrote their legislators still deserve most of the credit for making the bill's provisions far 
less onerous and restrictive than they almost certainly would have otherwise been. 

OSCAR 10 IS OFF THE AIR, QUITE POSSIBLY FOR GOOD. Its problem surfaced as a major memory 
malfunction in the satellite's Integrated Housekeeping Unit (IAU) on May 17, and since then 
attempts to communicate with OSCAR 10 and perform damage control procedures have had little 
success. The best hope now is that battery discharge during an early fall eclipse period may 
permit the IHU problem to correct itself so at least some control can be regained when the 
solar panels come back into sunlight and recharge the batteries. 

of J-AT's JAS-1 S a t e l l i f e -  for July 31 at 2030 UTC. Real-time 
launch coverage will be provided by WA3NAN on 3855 and 14280 kHz. JAS-1 has two Mode J 
transponders, one for CW/SSB and the other providing four channels for Hanchester-coded FM 
digital communications. Uplink for CW/SSB is 145.9-146.0 MHz; downlink will be 435.8-435.9 MHz. 
Beacon frequency is 435.795 MHz; estimated period 120 minutes. 

Two New h ~ i a n  Satellites. RS-9 And RS-u ,  are now thought to have successfully passed 
pre-launch checkout procedures and will probably be launched sometime this summer. 

FCC IS MOVING TOWARD IMPLEHENTING LAND MOBILE ON 421-430 MHz near Detroit, Cleveland, and 
Buffalo. Last fall Inand Mobile became the primary 421-430 MHz service within a 50-mile radius 
of the center of each of these cities, so as secondary users Amateurs below "Line A" (the line 
marking the area along the Canadian border that protects its land mobile from possible U.S. 
Amateur interference) must avoid interference with operations in those cities. 

e FCC To Reauire-d Mobile Users in those cities to keep base and 
satellite receivers within 30 miles of each city's center and use tone-coded squelch, in order 
to minimize interference from Amateurs operating legally outside the protected area. 

THE "ARCHIE AND HIS FRIENDS" AMATEUR RADIO COMIC BOOK is nearly finished, and should be 
ready for distribution when school opens in September. Developed by Archie Comics, it's aimed 
at 9- to 15-year-olds and features Archie and his pals sharing the fun of Amateur Radio. Half 
the funding for the 32-page promotion was provided by the Amateur Radio Industry Group that's 
been working on boosting Amateur Radio, with ARRL picking up the other half. 

RESPONSIBILITY FOR MAINTAINING THE AHATGUR RADIO EXAMINATION QUESTION POOL is likely to 
pass to the Amateur Radio community as the result of imminent FCC action on that proposal. 
Though the proposal drew concerns that it could compromise VEC program integrity, or that it 
would result in a lack of uniformity between different VEC's exams, cutbacks in government 
spending and the consequent need to reduce FCC staff workload make delegation almost certain. 

A "YOUNG HAM OF THE YEAR" AWARD HAS BEEN ESTABLISHED by the Westlink Emxx$ to be presented 
at the "Ham-West" Amateur Radio Convention in Las Vegas each November. Any U.S. licensed 
Amateur under is eligible, and selection will be based upon his or her contributions to 
community, nation, communications technology, and/or the promotion of the Amateur Radio 
service. Yaesu has joined Westlink Report in sponsoring the award, and will provide the winner 
with a Yaesu transceiver plus transportation to and a room at the convention. Nominations 
should go to Westlink Report. 28197 Robin Avenue, Saugus, California 91350. 
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300 WATT ANTENNA TUNER HAS SWWWATTMETER, ANTENNA SWITCH, BALUN. 
MATCHES VIRTUALLY EVERYTHING FROM 1.8 TO 30 MHz. 

MFJ's fastwt selllng tuner packs In  plenty of nsw f s t u m !  
Nsw Styllng! Brushed aluminum front All metal cabinet. 
New SWRIWattmoter! More accurate. Sw~tch selectable 

300/30 watt ranges Read forward/retlected power. 
New Antenna Switch! Front panel mounted Select 2 coax 

lines, dlrect or lhrough tuner. random wlre/balanced line or 
tuner bypass for dummy load 

( 
New almound Inductor! Larger more efficient 12 position air- 

wound Inductor gives lower losses and more watts out. Run up 
to 3W watts RF power output Matches everything from 1.8 to 
30 MHz: d~poles. Inverted vee. random wires. verticals, mobile 

NEW whlps, beams. balanced and coax lines. Built-in 4.1 balun for 

$99 . 95 M F f i r n I D  FEATRES balanced lines, lOOOV capacitor spacing Black. 11x3~7 inches. 
Works w ~ t h  all solld state or tube rlgs. Easy to use. anywhere. 

~TTY/ASCII/CW COMPUTER 
INTERFACE 

\ -IS"-- 

Free MFJ RTTYIASCIIICW sofhrare on tape and 
cabla for VIC-Zll or C64. Send and receive a m -  
puterized RTTY/ASCII/CW with nearly any per- 
sonal computer (VIC-20. Apple. TRS-BOC. Atari. 
TI-99. Commodore 64, etc.). Use Kantronics or 
most other RTTY/CW software. Copies both mark 
and space. any shift (including 170. 425. 850 Hz) 
and any speed (5-100 WPM RTTYICW. 3W baud 
ASCII). Sharp 8 pole active tiller for CW and 170 
Hz shift. Sends 170. 850 Hz shin. Normallreverse 
switch eliminates retuning. Automatic noise limiter. 
Kantronics compatible socket plus exclusive general 
purpose socket. 8x1 %x6 in. 12-15 VOC or 110 VAC 
with adapter. MFJ-1312. $9.95. 

RX NOISE 
BRIDGE 
Maxlmlze 
your antenna 1 
per fo rman~ !  $59.95 M F J - 2 0 2 ~  
Tells whether to shorlen or lengthen antenna lor 
m~nlmum SWR. Measure resonant frequency. 
rad~at~on resistance and reactance. 
New Feature$: individually calibrated resistance 
scale, expanded capacitance range (f150 pf). 
Bullt-in range extender lor measurements be- 
yond scale readings. 1-100 MHz. Comprehensive' 
manual. Use 9 V battery. 2 x 4 ~ 4  In. 

INDOOR TUNED ACTIVE 
NEW! ,IMPROVED! ANTENNA 

aln "World Grabber" rivals 
with hrgher or exceeds reception (I 
of wtslds long wlmsl Un~que tuned Actlve 
Antenna minimizes Intermode. Improves Select- 
ivltv. reduces nolse outside tuned band, even I 
funkions as preselector wlth external antennas. 1 
Covers 0.3-30 MHz.Tele 
scoping antenna. Tune. 
Band. Gain.On611 
bypass controls.6xZr6 In. 
Uses 9V battery. 9 
18 vDC or 110 VAC with 
adapter. MFJ-1312. $9.95. MFJ-1020A $79.95 

POLICE/FIRE/WEATHER 
2 M HANDHELD CONVERTER 
Turn your synth8slmd swnnlng $39.95 
2 meter handheld into a hot Pollca/ MFJ 
Flre/Waather band scanner! 1 11 -313 
144-148 MHz handhelds 
recelve Pollce/Flre on 154- 
158 MHz wlth dlrect fre- 
quency readout Hear 
NOAA marlllme coastal 
plus more on 160-164 MHz 
Converter mounts between 
handheld and rubber ducky 
Feedthru allows simultaneous 

OBUGATION. IF NOT OELIOHTEO. RETURN WITH- 
IN30OAYSFOR PROMPT REFUND (LESSSHIPPING). 

One year uncm~dt t lml  guarantee Made in USA. 
Add $400 each shipping/handling C l l l r w r f t l  

scannlnq of both 2 meters CTT 
and ~ o l ~ c e l ~ i r e  bands No rn 
missed calls. Crvstal controlled. RvoasslOff 
switch allows transmitt~ng (up to i k a t t s ) .  Use 
AAA battery. Z%xl%xl:/? In BNC connectors. 

MFJ/BENCHER KEYER 
COMBO 

MFJ-422 
$109.95 

The best of ! I  
all CW worlds- 
a deluxe MFJ Keyer In a c o m o ~ n l ~ a u r a t i o n  
that 111s rlght on ihe Bencher larnblc paddle' 
MFJ Keyer .small In size, b ~ g  In features Curtis 
8044-0 IC. adjustable weight and tone.trontpane 
volume and speed controls (8-50 WPM). Built- 
in dot-dash memories. Speaker. sidelone, and 
push button select~on of semi-automaticltune 
or automatic modes. Solid state keylng. Bencher 
paddle IS fully adlustable: heavy steel base with 
non-skid feet. Uses 9 V battery or 110 VAC with 
optional adapter. MFJ-1305. $9.95. 

VHF SWR/WATTMETER 
LOW c a t  MFJ-812 $29.95 
VHF SWR/ 
Wattmetarl 
Read SWR 
(14 to 170 MHz) 
and lorwardl 8 
reflected power 1 
at 2 meters Has 30 and 300 watts scales Also 
read relatlve held strength 4 x 2 ~ 3  In. 

MFJ ENTERPRISES, INC. 
Box 4% Mlsslulppl Stlte. MS 39762 

1 KW DUMMY LOAD 
Tune up fast. extend 

MFJ-250 $39.95 
-. 

life of finals, reduce 
ORM! Rated l K W  CW - 4. . .48. ,~ - 
or 2KW PEP for 10 mln- 
utes Half ratlna lor 20 I 
mlnutes, cont in i~us ii 

.. . 
I 

2W W CW, 4W W PEP. - 
VSWR under 1.2 ta 30 
MHz. 1.5 to 300 MHz. 
Oil contains no PCB 
50 ohm non-Inductlve resistor. Safety vent. 
Carrying handle. 7'/7~6~/r In. 

24/12 HOUR CLOCK/ ID TIMER 

ma~nti lns time during power outage ID tlmer 
alerts every 9 mlnutes after reset Red LED 6 Inch 
dlglts Synchronlzable wlth WWV Alarm wlth 
Snooze Iunctlon Mlnute set, hour sel swltches 
Tlme set sw~tch prevents mls-settlng Power out. 
alarm on lndlcators Gray and black cablnet 5 x 2 ~  
3 Inches 110 VAC. W Hz 

DUALTUNABLE SSB/CW/RTTY 
FILTER MFJ-7526 $99.95 

Dual f l l ten glve unmatched psdormanca! 
The prlmary fllter lets vob oeaw T::' %$ 

pass or hlgh pass wl:n err'a sleep s*~'!s 
Auxiliary tllter glves 70 a n  n?!:b ' 5  hz 3eai 
Both lllters tune fro" 300 :: 300C * i  &I !?  

varlable bandwlcrn  fro^ 40 Hz ! O  -@a' i ' a :  
Constant output as ba-C&lC!" s .a-'ec '"ear 
frequency control Sv.,.:nao e - r . i e  - :e, 'cr 
Impulse nolse SI-u 2:~: r'e-er 5 : - - :  ':. CW 
lets ears ana mlna we:' CC'.' ":>!s ':- 2 - ;s 
Plugs Into onone lac. -:.r :.a::i ':- r3ea.er 
Off DyDasses 'i:eV I..'? : :: - -  . " -  . , - -  ' ̂  .':? 

oDtlorra aoa3:e' '.':..':': 5; 9: 

TOOROERORFORYOURNEAREST 
DEALER, CALL TOLL.FREE - 
800-647-1800. Cali 601.323.5869 
n VISS and oulslde cont~nental vc;. - 
Telex 53-4590 MFJ STKV r 
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odd antennas 
Dear HR: 

In his letter to the editor (February, 
1986, page 9) C. N. Francis, WOMBP, 
posed a number of interesting but 
soluble questions about what he calls 
"odd antennas." I will attempt to an- 
swer his questions in the order he 
presents them. 

His first query deals with what is 
commonly called the Extended Double 
Zepp antenna. While the extension 
principle involved in the Extended 
Double Zepp is a cost-effective means 
of achieving gain in the high frequency 
bands, the antenna does have faults. 
First, the boresite lobe has poorly sup- 
pressed (i.e. less than 10 dB) adjacent 
lobes at about f 53 degrees.' Second, 
as a non-resonant antenna it will al- 
ways present a complex impedance at 
the driving point. At VHF and UHF, 
where wavelengths represent small 
physical distances, far more tractable 
antennas can be built using half wave- 
length segments. For instance, a two- 
element, half wavelength, parasitic 
beam can yield about 5 dB of forward 
gain, afront to back ratio, anda reason- 
ably clean pattern. Alternatively length- 
ening the Extended Double Zepp to 
three half wavelengths and bending it 
forward slightly about its midpoint will 
produce a radiator with almost 3 dB of 
forward gain, a good pattern, and being 
resonant present a convenient driving 
point impedan~e.~  

Next Mr. Francis describes three an- 
tennas which are composed of asym- 
metric dipoles which he confuses with 
the Windom Antenna. While this mis- 

take is commonly made it should be 
noted that there is no relationship be- 
tween them.The asymmetric dipole3 
has a number of faults, among which 
are: (1 ) The pattern is skewed. (2) Due 
to the lack of symmetry there is a 
strong tendency to develop antenna 
currents on the transmisison line. (3) 
The feedpoint position can't be pre- 
dicted but must be found experi- 
mentally -- this can be a difficult job. In 
addition to the above problems the 
three arrays described have progres- 
sive phase shift across their surfaces. 
Thus each element will have a differ- 
ent mutual impedance acting on it, and 
each element will then have unique im- 
pedance characteristics. Under these 
conditions locating the proper driving 
points is much like adjusting the length 
of a chair leg. 

In his final group of antennas, Mr. 
Francis uses a hybrid arrangement of 
a Windom feed and a 225 degree load- 
ing section. Probably much of the 
problern at this point is confusion 
about Windom principles. Some recit- 
ation of history may help. 

In the early days of radio, comrnun- 
ication was carried on at low frequen- 
cies. At these low frequencies (long 
wavelengths) the propagation mode is 
surface wave, which mandates verti- 
cal polarization. At that state of the art, 
vertical radiators long enough to a- 
chieve first resonance simply did not 
exist. Thus most antennas were oper- 
ated as electrically short radiators with 
all the commensurate problems of 
poor efficiency and poor current dis- 
tribution. Somewhere along the line it 
was discovered that a horizontal con- 
ductor, connected symmetrically to 
the end of the vertical member, would 
raise the radiation resistance and im- 
prove the current distribution on the 
vertical radiator. This of course was 
the birth of the "T" antenna. Since the 
currents in the loading section were 
equal and opposite, its radiation was 
suppressed. Later when higher fre- 
quencies and ionospheric propagation 
modes came into use more interest de- 
veloped in horizontal polarization. In 
1929 Everitt and Byrne described a 
modification to the "T" in which a res- 

onant horizontal section is fed about 
13-112 degrees off center with a ran- 
dom length of single wire feeder. Radi- 
ation is suppressed in the lead about 
3 dB, and due to the lack of symmetry 
useful radiation was obtained from the 
flattop. This antenna was described in 
QST5 by Loren Windom W8GZ, and 
inherited his name. Unfortunately Mr. 
Francis misses the point that the 
superstructure must be of resonant 
length and not 225 degrees. What are 
described in the letter are radiating sin- 
gle wire transmission lines, top loaded 
with pathological superstructures. For 
instance in the BBBC arrangement 
radiation from the top half of the load- 
ing section would be cancelled by the 
out of phase radiation from the lower 
half. 

In short, all of these antennas could 
be made to radiate in some fashion, 
however, they all lack practicality, 
which could be solved by using simp- 
ler and more conventional structures. 

references 
1. John Kraus, Antennas, McGraw Hill Book Conl- 
pany. New York, 1950. page 317. 
2. Y.T. Lo, "TV Receiving Antennas," in Jasik's Arl- 
tenna Engtneering Handbook, McGraw Hill Book c o n l ~  
pany. New York, 1961. 
3. R. W .  P. King, Theory o f  Linear Antennas, Harvard 
University Press, Cambridge, Massachusetts, 1956. 
4. W.  Everitt and J .  Byrne. Proceedings o f  the I. R. E . 
October, 1929. 
5. L. Windom, "Notes on Ethereal Adornments," QST, 
September, 1929. 

Robert B. Sandell, W9RXC 
Urbana, Illinois 61801 

short circuit 
VHFIUHF world 

References 8 and 9 were omitted from 
W1JR's July column. They should 
read as follows: 
8. Joe Reisert, WlJR.  "VHFIUHF World; Stacking 
Antennas - Part 1". ham radio,April, 1985, page 129. 
9. Joe Reisert, W lJR ,  and Gary Field, WAlGRC, RF- 
CAD Version 3.6 x : Computer-Aided Design Package 
for Radio Frequency and Mtcrowave Circuits and 
Antennas, available from Ham Radio's Bookstore, 
$39.95 plus $3.50 postage and handling. 

r SHORT CIRCUIT HOTLINE- 
Building a currant ham radio project? Call the 

Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM - Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

603- 878- N41 
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a packet radio TNC 
for the IBM PC 

Single plug-in board 
extends usefulness 

of popular pc 
to digital communications 

The advent of the IBM Personal Computer, with 
its open and well-documented architecture, has made 
it possible for hobbyists to extend the use of the 
microcomputer into many varied and challenging 
areas. This article describes a complete packet radio 
terminal node controller which can be implemented 
on a single circuit board that plugs into one of the slots 
in the PC. All that's required to get on the air is to 
connect up an Amateur Radio transceiver (see fig. 1). 

the TNC: basic packet building block 
Traditionally, packet radio has been achieved 

through the use of a device called a terminal node con- 
troller, or TNC. A TNC consists of a processor (such 
as the 8085 or 2801, a serial or parallel port to connect 
the TNC to a terminal or microcomputer running a ter- 
minal emulation program, and a synchronous port for 
the communications channel. A certain amount of 
RAM (random access memory) is available, and the 
necessary programming is provided on ROM (read 
only memory). 

Because a TNC contains many components that are 
already present in our microcomputers, merging the 
function of the TNC into the microcomputer is an 
effective way to reduce the cost of a packet radio sys- 
tem. With suitable programming, the function of the 
TNC can be implemented in the microcomputer at a 
fraction of the cost of a separate TNC. There's a 
bonus, too, in that a higher level of function is availa- 

ble to the user because of the close coupling of the 
channel to the host processor. 

In this implementation, an Intel 8273 programma- 
ble SDLCIHDLC protocol controller chip is interfaced 
to the bus in the IBM PC. This can be built on a pro- 
totype card or on a custom-printed circuit board. It's 
also possible to construct, on the same card, a sim- 
ple but effective 1200-bps Bell 202-compatible half- 
duplex modem, a device in widespread use among 
packet radio enthusiasts. Software that runs the stan- 
dard AX.25 packet radio protocol is available. The 
adapter is called the HAPN-1 adapter; HAPN stands 
for "Hamilton and Area Packet Network," the name 
of our packet radio club. 

hardware 

HAPN 

PACKET ADAPTER 

5 

3 .  

4 

, 

The circuit shown in fig. 2 uses an 8273 (U6) inter- 
faced to the PC bus and a 1200-bps modem which can 
be connected to an Amateur Radio transceiver. The 

By Jack Botner, VE3LNY, Ron Bradshaw, 
VESIUV, Max Pizzolato, VE3DNM. and John 
Vanden Berg, VE3DVV, Hamilton and Area 
Packet Network, Box 4466, Station D, Hamilton, 
Ontario, Canada L8V4S7. 

fig. 1. Simple radio hookup via microphone plug and 
speaker output. Note: Jumper 52 should be installed 
and J1 removed on adapter board. 
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8273 chip, called the protocol controller, is the most 
important part of the adapter. 

The 8273 data lines are connected to the PC bus 
using a 74LS245 three-state buffer U1. The state and 
direction of the 74LS245 are controlled by the 110 
Read and I10 Write lines and the I10 decode logic. 
The I10 decode circuit, made up of U2, part of U3, 
and U5, responds to addresses in the range of 310 
through 31F (hexadecimal notation). The 8273's 
address requirements are met by a 74LS139 two- to 
four-line decoder (U2). 

Data transfers to and from the 8273 may be done 
using polling, interrupts, or Direct Memory Access 
(DMA). This design uses interrupts, because they're 
easy to implement and permit a form of background 
operation that doesn't require running the packet 
application program constantly. The 8273 provides 
separate interrupt signals for transmit and receive (Tx 
Int and Rx Int, pins 2 and 11, respectively). The two 
interrupt lines are ORed together (part of U13) so that 
the adapter uses only one of the PC's hardware inter- 
rupt lines. The software can easily distinguish between 
transmit and receive interrupts by reading the 8273 sta- 
tus register. The combined interrupt line is buffered 
to the PC bus with a 74LS125 three-state bus buffer 
(part of U10) and is wired to the PC's IRQ2 interrupt 
line. IRQ2 was chosen because it is the least frequently 
used interrupt line in the PC. The circuit allows the 
interrupt line to float on the bus until the 8273 is initial- 
ized and the PB3 control port on the 8273 is activated. 
This means that the card can share IRQ2 with other 
hardware as long as the other device also floats its 
IRQ2 line when not in use and the two devices are not 
used at the same time. 

clock signal 
The 8273 features a digital phase-locked loop which 

makes it possible to derive the synchronous clock sig- 
nal from the receiver data stream, a feature that greatly 
simplifies the design of the hardware. Pins 27 and 28 
of the 8273 (Tx Clock and Rx Clock) are tied together 
to pin 23 (DPLL output). The 32X clock signal is 
provided by a 4040 binary counter (U8), giving a selec- 
tion of data rates from 75 to 9600 bps by jumper or 
dip switch. A 4.9152-MHz crystal oscillator (U9) pro- 
vides the clock signal for the 8273 and U8, the baud 
rate divider. 

modem 
The modem uses a pair of Exar chips, the 2206 func- 

tion generator (U11) and the 221 1 FSK demodulator 
(U7). The 2206 generates the two tones, 1200 and 2200 
Hz, used for transmit; the 221 1 decodes the two tones 
from the receiver audio. Two control signals are re- 
quired by the 8273: Carrier Detect (CD, also known 
as DCD or RLSD in various contexts), indicating that 

the radio channel is busy, and Request to Send (RTS), 
indicating that the 8273 wants to transmit. 

channel busy indication 
The CD signal (channel busy indication) can be der- 

ived two ways, either internally by using the data car- 
rier detect (DCD, pin 5) from the 221 1 or externally 
by using the squelch from the receiver. Using the 
squelch to indicate the radio channel busy condition 
is superior but usually requires modifications to the 
radio. It guarantees, however, that the system will not 
transmit when another signal - possibly voice or 
some other non-data signal - is present on the chan- 
nel. The internal DCD from the 221 1 signals only when 
actual data is being received. This is the recommended 
way when no squelch line is available or the QRM level 
is high, such as 20-meter operation. 

To use the internal DCD, install jumper J2. The 221 1 
checks the incoming signals for data and signals DCD 
to the 8273. To use the squelch CD, install jumper Jl. 
The two resistors and zener diode convert the squelch 
signal from the radio to a TTL level. The signal is 
debounced by using a 74LS14 Schmidt trigger inverter 
gate (part of U3). An example of the squelch pickup 
from the radio is given in fig. 3. 

transmit mode 
To transmit, the 8273 brings up RTS, which trig- 

gers U12a (CTS-delay single shot) and brings up PTT 
via U4 pin 5 (negative or gate) and the 2MPS-A05 
switching transistor (Q2). The U12a single shot allows 
the radio to stabilize when going into transmit before 
sending data; this function is called the clear-to-send 
delay. When U12a times out, the watchdog timer 
U12b starts, bringing up the CTS line for the 8273. This 
signals the 8273 to send the data. At the same time, 
it continues to activate the PTT line via U4 pin 4. When 
the 8273 is finished transmitting it drops RTS, which 
applies a reset to the watchdog single shot, causing 
it to drop the PTT line. If for any reason the RTS line 
stays up too long (as in a crash of the system, for 
example) the watchdog times out after about 22 
seconds and shuts down the transmitter, releasing the 
radio channel to other users. Transistor Q1 enables the 
tones on the 2206 only when RTS is up (i.e., when 
8273 is transmitting), so that there's no interference 
audio from the modem when the microphone is used 
for normal voice conversation. 

Figure 1 shows how the adapter can be hooked up 
to a handheld radio. The TX-audio line is connected 
to the microphone audio input by means of a shielded 
cable. The receiver audio and PTT are taken from the 
speaker plug. Remove jumper J1 and install it at J2 
to use the DCD line from the demodulator. For best 
performance, adjust R1 (a 50 k trimpot) for about 3- 
kHz deviation. 
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Take it with you. 

ShackMasterm puts your home station in the palm of 
your hand. Whether portable, mobile, around the yard 
or around town you'll be linked through your handheld 
to your high performance equipment at home. Even call 
home from any Touch-Tone phone and operate. 
Scan the bands, change modes, select antennas, turn 
gear on and off - all from your Touch-Tone keypad. 
Check into nets, work skeds, ragchew and DX without 
being tied down to the shack. 

Exchange electronic mallbox messages with your 
family- likeUI'II be late", or "All is OK". Ortalk with your 
family directly through Shackpatch", with you in remote 
control of your home station. Report traffic accidents or 
disabled motorists through your home phone while 
mobile or portable with PersonalPatch? 
All the power of your home station (and more) really can 
follow you anywhere.. . to find out more about 
ShackMasterm just write, send us your QSL, or call and 
talk with us at 408-749-8330. 

QCC advanced 
computer 
controls, inc. 10816 Norlhr~dge Square . Cupert~no CA 95014 (408) 749-8330 

More Details? CHECK-OFF Page 110 / 110 August 1986 13 



Integrated circuit voltage end ground pinouts. 

IC T Y P ~  Gnd + 5  + 12 
U1 74LSM5 10 20 - 
U2 74LS139 8 16 - 
U3 74LS14 7 14 - 
U4 74LSW 7 W - 
US 74LSZ1 7 14 - 
U6 8273 20 40 - 
0 7  XR2211 4 - 1 
U8 CD4WO 8 16 - 
U9 74LSW 7 14 - 
UlO 74LS125 7 14 - 
Ul1 XI32206 12 - 4 
U 12 74LSZ27 8 16 - 
U13 74LSW 7 14 - 

- 

TNC to Zmeter radio interconnections 
Figure 3 shows a hookup to an IC22s 2-meter radio. 

Here the TX-audio is inserted after the audio pre-amp, 
(229, in the IC22s. If a DTMF (touchtone) input is avail- 
able, it could be used instead. A 390-ohm resistor takes 
off the RX-audio before the volume control. The PTT 
goes to the front panel microphone connector. Tran- 
sistor Q1OO inverts and buffers the radio squelch. All 
the connections are brought out via the utility con- 
nector on the back of the radio. An audio output of 
about 1000 mV will give you about 3-kHz deviation on 
transmit. Remove jumper J2 install it at J1 on the 
packet adapter board. Set the CTS delay (R2) for 
about 300 msec; if it's set too short, the beginning of 
the transmitted frame will be missing and therefore 
impossible to copy. If it's too long, time will be wasted 
transmitting idle flag characters. 

combining TNC with the host 
computer simplifies system design 

In the traditional TNC, the programming is supplied 
on a ROM IC chip, and is relatively invisible to most 
users. In the HAPN implementation, the software is 
supplied as programs on a diskette, which are run like 
any other program on the PC. 

One of the limitations of the traditional TNC is the 
loose coupling, or distance, between the TNC and the 
microcomputer acting as the terminal. By necessity 
the TNC strips the packet data down to the most ele- 
mental level, that of a serial stream of characters. This 
makes it difficult for the host computer to learn any- 
thing about what's going on in the TNC at the packet 
level. On top of this is placed a layer of commands, 
escape characters, and flow control, making even the 
best of packet host programs appear clumsy and un- 
friendly. 

But including the packet hardware in the PC itself 
overcomes all of these problems. The programmer is 
free to design the software - particularly the end-user 
interface - in any way desired, without the need to 
compromise for the TNC interface. The result is a high- 
function packet system with a friendly user interface. 

HAPN packet software 
implementation 

In order to make effective use of the 8273, the fol- 
lowing must be included: 

a BlOS (Basic Input/Output System)-like hardware 
driver that can be loaded as an extension to the sys- 
tem to drive the 8273; 

a protocol manager with an application program 
interface; and 

an application program that is run at the discretion 
of the user. 

In addition, the 8273 must be made to operate in 
the background so that the node represented by the 
8273 can be active all the time. 

These requirements can be met by developing the 
software in at least two programs. The first program, 
M25, contains the hardware driver, protocol manager, 
and application program interface. The second pro- 
gram, C25, makes up an end-user application pro- 
gram. Since the 8273 operates on interrupts, no appli- 
cation program assist is necessary to receive or 
transmit data. Total independence from the applica- 
tion program has been achieved by using the PC's 
timer tick hardware interrupt exit as the protocol 
manager's dispatcher for scheduling events. 

M25, the hardware driver module, contains a num- 
ber of distinct functions and is made up of several rou- 
tines. These routines have been link-edited to make 
up one program, which is run once after the system 
has been booted to become a resident operating sys- 
tem extension. 

The application program, C25, contains a set of end- 
user functions primarily concerned with the sending 
and receiving of data. It can be used to activate the 
hardware functions in M25 via the application program 
interface. C25 would be run any time the user wishes 
to access the packet node; otherwise the PC can be 
used to run other application programs. 

The main function of M25 is to service interrupts 
from the 8273, so that data can be transferred into and 
out of the channel. The interrupt handling routine is 
divided into two parts, one that handles transmit and 
one that handles receive interrupts. During its opera- 
tion the 8273 generates interrupts for each byte trans- 
mitted or received, as well as for various transmit and 
receive frame complete events. Also a variety of error 
conditions may be reported to the processor - for ex- 
ample, when a frame has been received with an invalid 
CRC (cyclic redundancy check) field, generally caused 
by noise.' 

The receive interrupt handler stores each byte of a 
frame in a buffer. When the frame is complete the 8273 
generates another interrupt. At that point the frame 
may be inspected to make sure it's free of errors and 
is valid by the rules of protocol in use. Frames that 
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contain errors are simply discarded. If a valid frame 
is received, some link-level protocol management is 
performed on the frame before exiting the interrupt 
routine. An example of this processing would be to 
look for connect requests and queue a response when 
one is received. It's also possible to delete request 
frames from the transmit queue after a valid response 
has been received. 

The transmit interrupt routine passes each byte of 
the frame from a buffer to the 8273 as required. When 
the frame has been completely transmitted, the 8273 
generates an early frame complete interrupt. At this 
time the software can decide if another frame should 
be transmitted in the same packet. In the AX.25 pro- 
tocol, up to seven frames may be transmitted in one 
packet. If another frame is available, a command is 
issued to the 8273 to transmit another frame during 
the current transmission. The 8273 automatically 
inserts a byte of flags between frames sent in this way. 

When the packet is complete the 8273 generates a 
transmit complete interrupt. The software uses this 

EXISTING 9 PIN CONNECTOR 
ON 8 a c K  OF 1 ~ 2 2 s  

4f- 
- 2  

interrupt to do some protocol management on the 
transmit queue. For example, because request frames 
may have to be retransmitted at a later time, they're 
left on the transmit queue until they're acknowledged; 
response frames, on the other hand, are transmitted 
only once and may be deleted from the transmit queue 
at this time. 

In this implementation an OR gate is used to drive 
both transmit and receive interrupts on the same IRQ 
line to the PC's 8259 interrupt controller. M25 distin- 
guishes between them by reading the 8273's status 
register, which contains two bits that specify which 
type of interrupt was generated. It's interesting to note 
that because of noise on the channel, the 8273 occa- 
sionally becomes confused and generates interrupts 
that cannot be identified by the status register. When 
this kind of error occurs, M25 issues a software reset 
command and then re-initializes the 8273 to ensure 
correct operation. Statistics are kept on the various 
events that occur in the packet system, and may be 
displayed by the user. 

-1 
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I TNC edapter parts list Mig. 21. 

R7 50k trimpot 
R2 7Wk trimpot 
R3 1Ok trimpot 
R4 70k trimpot 
R5 7Ok trimpot 
R5 5. lk 

R23 78k 
390 ohms 
680 ohms 

I All resistors 5 percent 714 watt 
70-turn trimpots recommended for R3, R4, and R5 

CR7 7N5231 (5.7 volts 5 percent zenerl C7 10 jaF tsnlelum 
Xtel 4.9752 MHz CZ 330 pF tantalum 
(17 2N39W C3 .W7 pF 
02 MPS-A05 C4 70 jaF tantalum 
J7lJ2 2 pm jumper connector C5 .O22pF 
J3 8-position DIP switch C5 7 F tentelum 
DB-9 fmalel printed circuit board connector C7 .07 pF 

C8 7 ,,F tentelum 
CP l l lF 

I.C. Sockets: Seven 14-pin 
Four 76-pin 
One M-pin 

, One 40-pin 

M25 contains a dispatcher routine that runs period- - --- 
ically. Its purpose is to manage timeouts and initiate 
events as they're required by the protocol. The timer 
tick interrupt, which is issued every 55 milliseconds 
on the PC, is a convenient way to give control to the 
dispatcher for this purpose. The dispatcher monitors 
the channel for activity and initiates frame retransmis- 
sions when timeouts occur. A random number gener- 
ator produces the timeout value so that repeated col- 
lisions with another station can be avoided. The dis- 
patcher also keeps track of the number of retransmis- 
sions and produces a loss of contact condition when 
a preset limit is reached. Because it's driven from the 
timer hardware interrupts, the dispatcher runs inde- fig. 4. HAPN adapter board plugs into IBM PC slot. 
pendently of any programs on the PC. 

M25 also contains the application program interface. 
This interface allows a program running on the PC to 
access the 8273 channel. Interface functions include 
open, read, write, inquire, modify, and close. Note 
that the application program issuing the open does not 
have to close before terminating; this means that the 
packet node will continue to  operate regardless of 
what program is run next on the PC. An alarm fea- 
ture is also included so that the user is alerted if a con- 
nect request is received. The application program in- 
terface uses a software interrupt, level 84 (hex), for 
access by programs. 

M25 includes an installation routine for loading itself 
into memory and becoming resident. Storage is re- 
served for transmit and receive buffer pools and a trace 
table. The application program interface vector is 

C25, the end-user application program, is an ordi- 
nary DOS program designed as an interface between 
the user (keyboard, display) and the packet channel. 
It tests to see if the 8273 driver is installed and issues 
various requests to the 8273 driver application program 
interface. 

data entry 
The user of a packet node is mainly interested in 

sending and receiving data. This data may be entered 
through the keyboard or read from a disk file. Received 
data is displayed on the screen and may be saved to 
a disk file if desired. Other control functions include 
initiation of a connect request and specification of 
repeater linking information. 

loaded so that the 8273 driver interface can be access- 
ed. However. packet o~eration doesn't begin until it's viewing the screen 

. . - 

initiated by an open request from an application pro- The screen is divided into three areas: one for dis- 
gram such as C25. playing received data, another for displaying typed 
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Canadian Distributor: 

A ST yr%yCA 92718 
Eastcom Industries. Ltd. 
430 Signet Dr~ve 

C 0 R PORAT ION ( 7 1 4 )  458-7277 Weston. Ont. Can 4 9 ~  216 

PERFORMANCE SPECIFICATIONS 
ICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
MlTlNG Protects Rwer Supply OUTPUT VOLTAGE: 13.8 VDC 0.05 M s  
continuous shorted output. (Internally Adjustable: 11-15 VDC) 

Continuous ICS ' Size (IN) ~ I P P ~ w  
Duty (AMPS) (AMPS) HXWXD Wt. (lbs.) 

5 1 / 4 Y 1 9 X 1 2 %  38 

5114 x 19  x 12% 5 0  

5 1 / 4 x 1 9 ~ 1 2 1 / 7  38 

3 % x 6 % x 9  
4 . 7 %  . 103.. 10 
4 ~ 7 %  x 103/1 11 

4 % x 8 x 9  13 
5 x 9 x 1 0 h  18 
5 ~ 1 1 x 1 1  27 

6 x  13% x 11 46 

RS-M SERIES 
Swilchable volt and Amp meter 

H x W x D  Wt (Ibs) 
4 % x 8 x 9  13 
5 x 9 ~  101/z 18 
5 x 1 1  x 1 1  27 

6 x  13% x 11 46 
MODEL R S 3 5 M  

VS-M SERIES 

:w 
MODEL VS-2OM 

RS-S SERIES 

MODEL RS-12s 

Separate Volt and Amp Meters 
Oulput Voltage adjustable from 2-15 volts 
Current limit adlustable from 1.5 amps to Full Load 

Contlnuous Duty ICS' 
( A ~ P S )  (Amps) SIZE (IN) Shlpplng 

MODEL @ 1 3 . 8 w c @ l ~ @ m r :  g13.8V H x W x D  Wt (Ibs) 
VS-20M 16 9 4 20 5 ~ 9 ~ 1 0 %  20 
VS-35M 25 15 7 35 5 x 1 1 ~ 1 1  29 
VS-50M 37 22 10 50 6 x 13% x 11 46 

Built ~n speaker 

Contlnous ICS' SIZE (IN) Shlpplng 
MODEL Duly (Amps) Amps H x W x D  WI  (Ibs) 
RS.7S 5 7 4 x 7% x 10% 10 
RS-10s 7.5 10 4 x 7% x 10% 12 
RS-lOL(For LTRI 7.5 10 4 . 9 . 1 3  13 
RS.12S 9 12 4 % x S x 9  13 
RS-20s 16 20 5 x 9 ~  10% 18 



input, and a third for indicating status. The receive 
data display area, the largest of the three, scrolls when 
it fills up. The typed-input area is two lines (160 charac- 
ters) long. No data is transmitted until the return key 
is pressed, and a comprehensive set of editing func- 
tions is provided so that the user gets an opportunity 
to change the typed data before it's transmitted. The 
status area shows information such as lock key sta- 
tus, active function keys, and node callsign and link- 
ing repeater information. 

other user-friendly features 
C25 includes several convenient features. One, the 

scroll lock key, temporarily stops the screen from 
scrolling. Another automatically generates, upon re- 
quest, a test message containing your callsign, the 
date, and time. 

C25 also contains a self-customizing routine so that 
the program options can be set by each user. Program 
options are stored inside the program module rather 
than in a separate file, making C25 more convenient 
to run. A pop-down menu is provided for entering and 
displaying repeater information. 

There are two exit options from C25: one issues a 
close to terminate packet operation and one does not. 
In the latter case the packet node is left operational 
while other programs are run on the PC. When C25 
is run again later it will pick up the status of the packet 
node using an inquiry call to the application program 
interface. 

Two utility programs are provided in addition to the 
basic functions described above. S25 formats either 
the packet trace table or the packet statistics coun- 
ters. The trace table is useful for analyzing events such 
as protocol violations, in which two nodes appear to 
misbehave for no apparent reason. T25 is a test pro- 
gram with a number of functions for testing and set- 
ting up the 8273 adapter. It can be used to test the 
8273 and bus interface hardware and to perform 
adjustments on the modem. 

building the adapter 
The adapter shown in fig. 2 can be constructed on 

a readily available prototype board for the IBM PC. 
Consult the technical reference for details of the 
board's edge c ~ n n e c t o r . ~  Although any suitable con- 
nector may be used, a DB-9 male connector was used 
for the transceiver interconnection. The only critical 
components are the frequency control trimpots in the 
modem, R3, R4, and R5. It's a good idea to use multi- 
turn trimpots for these components. You should also 
use stable mylar or polyester capacitors in the circuits 
around the 2206 and 221 1. 

When connecting the adapter to a transceiver, be 
careful to use good quality shielded wire for the trans- 
mit audio lead. It's also a good idea to bypass each 

end of the cable with a 0.001 pF capacitor and place 
a ferrite bead over the center conductor at each end. 
This will prevent RF pickup, which can cause erratic 
operation of the system and transmission of garbled 
signals, into the transmit audio circuit of the trans- 
ceiver. 

It's good practice to bypass the + 5-volt supply lead 
to each IC with a 0.1 pF tantalum capacitor. Other- 
wise, layout and wiring are not critical, if good con- 
struction practice is used. For those who prefer not 
to wire their own boards, both bare boards and assem- 
bled and tested boards are available from HAPN. 

adjusting the adapter 
After the board has been assembled and checked 

for shorts, it's ready for testing. The first test is an 
internal loopback test of the 8273 using T25.EXE, the 
test program supplied with the software. This tests the 
data buffers (UI),  the 8273, address decoding, and the 
clock circuit. 

Now adjust the modem. Start by setting up the two 
transmit frequencies, F1 and F2. Float U11 pin 10 to 
enable the tones. Then float U11 pin 9 and adjust R3 
for 1200 Hz (use a frequency counter or an accurate 
scope). Next ground U l  I pin 9 and adjust R4 for 2200 
Hz. If the output is too low for the frequency counter, 
adjust the level control, (R1). 

Next adjust the CTS delay by putting a scope on 
U12 pin 13 and key up the transmitter (using C25.EXE). 
Adjust R l  for 100-500 milliseconds, depending on how 
fast your rig switches from receive to transmit; a value 
of 300-400 milliseconds works well for most rigs. 

Demodulator adjustment is a bit more tricky. You 
have to jumper the connecter pin 2 (Tx audio) to pin 
4 (Rx audio) and float U11 pin 10 to enable the tones. 
When C25 has initialized the 8273 it will transmit flags 
as 1's and 0's. Adjust R5 so the waveform at U7 pin 
7 looks the same as on U11 pin 9. 

The remaining adjustment is of the audio level (R1) 
going to the radio. The level varies widely with the type 
of hookup into the radio. Adjust this level so the devi- 
ation is approximately 3 kHz on the transmitter. This 
completes the adjustments. 

a note on HAPN 
The following items may be ordered from HAPN. 

All prices are in United States dollars and include post- 
age and handling. 

Software only (four programs and documentation), 
$40. 

Software and bare board (includes set-up program 
and assembly instructions), $75. 

Software and assembled and tested board (see fig. 
4), $199. 

Please add $3 for overseas orders. 
The HAPN adapter will run on any IBM PC, XT, AT, 
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ALL ANTENNAS IN STOCK FROM: 

220 N. Fulton Ave. 

Evansv i l l e ,  IN 47710 Crank-up Towers Rotators 

Stow Hours H F  Beam Antennas 

MON.FRI :  9AM-6PM R e b a t e s  a r e  based on i t e m i z e d  p r o o f  o f  pur- 
chase dated July 1 to September 30. 1986. 
Each p r o d u c t  must be itemized b y  model 
number and price. 

$200 on HG54HDIHG70HD Towers 
$100 on HG37SSIHG52SS Towers 
$ 50 on any Hy-Gain HF Beam A n t e n n a  

purchased with Ham I V  or T 2 X  or H D R 3 0 0  

TS ON RIGS AND ACCESSORIES FROM: 

R, ROHN, SANTEC, SHURE, TE SYSTEMS, TEN-TEC, 

Turn Your Computer Into A 
$1 29.95 

(C64 Verslonl 

DIGITAL r 

STORAGE e'? OSCILLOSCOPE 
And More Wlth The INTERFACE U N ~ T  

MB230 WORKSHOP 
CI‘ i i t :  ,l.lll'l 

The M B Z ~ O  IS des~gned for use wtth your home or personal computer. II 
is 8 complete Electronic Instrument and Electro-Mechanical Workshop 
W ~ I C ~  contains Interface Unit. O.C. MOIO~S. Gears. Sensors, 
Construct~on Components. Disk Based Software and lnstrucllons for 50 
sample projects. 

Included are: 
Digital Storage Oscllloscope 
01gltal voltmeter . . O~gotal Speech 6 Sound IRecordIPlayback) 
AID-OIA Conversion 

m I . Motors. Gears. Generators 
vnm T'.'FTFR Motortzed Mechanical Robotics . Cars. Cranes. TOYS. E ~ C .  

MUIOP AND G E / ~ S  

 he heart of the MB230 Workshop Is the B l W  Interlace Unll whlch 
connects to all types ot sensors and 1s able to control Ilghlr. motors 
relay8 and other external devlces. The MB230 manual contams 
suggestions and Instructcons for many advanced prolecls such as 
antenna positioning and relay control. 

Avsllable for the lollowing compulers: 
Commodore 64 ($129.951. Apple 2.. 2E ifl59.85). 
Alari 800 ($139.95). 
Coming soon for IBM. Amiga. Atarl 520ST. 

TO order or lor more Information call loll free 1-800-824-2548. 
Cashler's check. Money order. VISA, or Mastercard orders accepted 

Order now to avoid delay! 

ALL ORDERS SHIPPED UPS BLUE 
AT NO EXTRA CHARGE 

MU LTI BOTICS, IN C. ~ ~ & ~ : : ~ s : ~ ~ ~ ~ ~ , ,  
z 

or compatible computer with at least 128K memory 
and a display capable of 80-column text. The card is 
8.5 inches (21.6 cml long. 

Orders should be addressed to HAPN, Box 4466, 
Station D, Hamilton, Ontario, Canada, L8V4S7. 

Dedicated to furthering the State of packet radio, 
HAPN is currently involved in the design of a station 
node controller. The station node controller is capa- 
ble of unifying a packet radio network by providing 
message routing, gateways, and high-speed links to 
other station nodes. 

HAPN is also involved in experimentation with 4800- 
baud modems and with V3, the newly developed 
VADCG protocol. HAPN has experimental V1 and V2 
software that runs on the adapter described in this arti- 
cle; for more information, contact HAPN at the above 
address. 

references 
1. Intel "0273. 8273.4. 0273.8 Programmable HDLC/SDLC Protocol Con- 

toller." Peripheral Design Handbook. 
2. J. Botner, "A Packet Radio Adapter for the IBM PC." OEX: The ARRL 
Experrmenrer's Inrerchange. January. 1985. 
3. T. Fox. "AX.25 Amateur Packet Radio Link Layer Protocol." Version 2.0. 
October 1984. American Radio Relay League. 
4. 18M Techn,cal Reference. Personal Computer Hardware Reference Library. 
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H F-MODEM 

The ST-8000 HF MODEM is a high-performance, fully adjustable modulatorldemodulator for use in 
high-frequency radio data systems. The HF Modem features fully adjustable frequencies and baud 
rates, memories, diversity, regeneration, print squelch, CRT tuning indicator, and multiple AM or FM 
detectors. The bandwidths of the input filter, Mark filter, Space filters, and post-detection filters are 
tracked with the selected data rate(l0 to 1200 baud) to assure optimum signal recovery for all signals. 
Front panel parameters may be controlled from an external ASCII terminal or computer. A full comple- 
ment of 110 interface options allows use of the ST-8000 wlth virtually any terminal and radio system. In- 
stall the HAL DS3100ASR CRT terminal and ST-8000 HF Modem in your communications system and 
enjoy the benefits of a data system designed for radio operators. 

*Tuneable from 500 to 4000 Hz in  1 Hz steps 
*Set 10 to 1200 Baud in 1 baud increments 
*Four input band.pass filters 
.32 matched Mark and Space filter bandwidths 
*Mark and Space 7-pole linear phase LP filters 
*Filter BW and selection computed and set 
by mtcroprocessor front panel controls 

*RTTY shifts from 40 to 3500 Hz 
*Eight programmable non.volatile memories 
-Split or transcelve RXlTX tone selection 
*FM or AGC.controlled AM slgnal processing 
- 65 to + 20 dBm dynamic range (AM or FM) 

.Exclusive HAL Digital Multi.Path Correction 
(DMPCTM) 

.MIS. Mark Only (MO) or Space Only (SO) detector 
modes using Adpatlve Threshold Detector (ATDTM) 

-Adfustable Prlnt Squelch and non.dtverslty Amplitude 
Squelch 

.Exclusive HAL Infinite Resolullon Diversity Control 
(IRDCTM) 

* D ~ g ~ t a l  stgnal regeneralion 

.ASCIIIBaudot code and speed conversion 

.Quick Brown Fox and RYRY . . . test message 
generator 

.Programmable Selective.call (SELCAL) 
printer control 

*Transmitter PTT KOS control 
-Antispace 
eRS232C. MIL.188C. or TTL Terminal 110 
*LP1200 Option for polar or neutral loop 
-8. 600, or 1OK ohm input impedance 
-8 or 600 ohm output w ~ t h  adjustable level 
*AFSK or FSK transmitter outputs . 
.Remote terminal or computer control 
of all demodulator parameters 

.Exclusive HAL Spectra-TuneTM and X.Y 
MarklSpace CRT tunlng indicators with automatic 
trace onloff control 

-ioo.i301~00-250 VAC. 44-440 Hz power 
e3.5" h ~ g h  rack mounting cabinet (14" deep) 
.Shielded and filtered for radio system use 

TM lnflnlte Resoluf~on D~vers~ ty  Control (IRDC), Spectra-Tune. D~gt ta l  Multl.path Correction (OMPC), and Adaptlve 
Threshold Detector (ATD) are trade marks of HAL Communlcat~ons patents pendlng 

Write or call for complete ST-8000 specifications. We think you will agree that it opens new frontiers In 
radlo data communications. Contact the Government & Commercial Products Division for price and 
delivery information. 

HAL Communications Corp. 
Government & Commercial Products Division 
1201 b l l .  Krnyon R o a d  
P.O. I ~ J X  365 
Url,an,3, lL 61801-0365 
( I  17) %(,7-;3; TWX: 910-245-0784 

More Details? CHECK-OFF Page 110 r, 143 August 1986 a 21 



annunciator bell 
for the Kantronics KPC-2 

No more 
missed connections 

on packet radio 

Some computers or terminals can't respond to 
the bell command. So if you've used one of these ma- 
chines in a packet radio setup, you may find yourself 
missing connections with other stations - unless, of 
course, you're willing to stay glued to the screen 
watching for attempts to connect. 

When a successful connect is made, the Kantronics 
KPC-2 responds by sending three CNTRL-G ($07 hex) 
ASCII characters to the terminal or computer. The 
CNTRL-G character combination is commonly used 
as the bell command to produce an audible signal. But 
obviously this works only if your terminal or computer 
is equipped with the hardware needed to produce an 
alarm. My computer, a Xerox 820, has no internal bell 
circuitry. As a result, I was missing connections. By 
the time I noticed that someone had tried to talk to 
me, they were often long gone. After only a few weeks 
on the air I discovered that I wasn't alone in this exper- 
ience; other packet operators with similar hardware 
were missing connects, too. 

solving the problem 
It took only three hours and less than $10 to find 

a simple solution to the problem. The circuit shown 
in fig. 1 doesn't respond directly to the bell charac- 
ter; instead, a piezo buzzer fires for about half a sec- 
ond as the KPC-2 enters a connected condition. There 
are some advantages to this; my buzzer, for example, 
will not respond to hidden bell commands that may 
be embedded in text or files received by my station 

and the annoying end-of-margin alarm produced by 
some computers and terminals is also neatly avoided. 

circuit 
The KPC-2 has a connect status indicator on the 

front panel. This LED is lit only when a connected link 
status exists. Data line P-22 from the 63803 proces- 
sor drives a 74HC04 inverter to power this indicator. 
The added circuitry shown in fig. 2 and external to 
the KPC-2, uses this output to activate the piezo buzz- 
er to audibly announce the connect status. The alarm 
is limited to about a half second's duration by a CMOS 
timer circuit. The exact time may be varied by chang- 
ing the values of either the 68k resistor or 5 rF capa- 
citor. Note that two inverter stages are used to drive 
the buzzer. Although they may at first appear to be 
superfluous, they're needed to produce a well-defined 
of f lon transition for the bell. 

The transducer operates from 3 to 20 VDC. Despite 
being driven directly from a CMOS output, it may pro- 
vide more volume than necessary. Adding a resistor, 
up to about 47k, in series with the transducer will re- 
duce the volume. A manual off-on switch removes 
power from the bell for silent late-night operation. 

construction 
Table 1 lists the required materials. Assembly is 

done using point-to-point wiring techniques on the IC 
perfboard. Be sure to use a socket for the No. CD4001. 
Don't insert the IC until after all wiring is completed. 
Note that this board won't fit into the specified en- 
closure unless some of the phenolic material is care- 
fully trimmed from one of the 2.83-inch edges. I used 
a nibbling tool for this task, and then dragged the 
board over the surface of a large file to smooth off 

By Peter J. Bertini, KIZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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Table 1. Bell annunciator parts list. 

Pert description Radio Shack 
part number 

U1 quad Pinput NOR gate CD4001 276-2407 
buzzer piezo buzzer, 3-20 volts DC 273-a65 
case 4 x 2 x 0.844 inches 270-220 
perfboard 2.83 x 1.85 inches 276- 150 - 

.. 
J2 

r-1 
1 8 1  ON 
1 ° 1  
I I 0 

I I 
I I 
I I 
I I U I A  

1 4  1 14 UIB UIC U I O  

I = i  
I I 

the rough edge. After the board is assembled and in- 
serted into the enclosure, be sure to drill a hole directly 
above the buzzer to make its output more audible. 

I I 

L :9 

bell-to-KPC-2 interface 

CR1 470 
B U Z Z E R  

681 

This is the tricky part: chances are your KPC-2 is 
less than a year old. Performing this modification will 
void your warranty. Note also that this circuit will work 
only with the KPC-2 hardware. Versions of the KPC-1 
- regardless of the software revision level - use an 
MC6803 processor which does not support the con- 
nect-status indicator. 

I used J2, the nine-pin D-connector located on the 
rear apron of the KPC-2, to bring out 5 VDC and con- 
nect signals to operate the bell. Pins 4 and 8 were un- 
used. A jumper wire was connected from pin 6 of U14 
to pin 4 of the D-connector. Another short jumper ties 
the regulated 5-volt output from VR-1 to pin 8 of the 
connector. 

Because of possible production changes, manufac- 
turing assembly parameters change, be sure to verify 
- before work begins - that these pins are unused 
in your particular KPC-2! I found a jumper, not shown 
on the schematic, from the pin 4 circuit trace to ground 
that I had to remove. 

A two-conductor shielded cable should be used to 
interconnect the bell device to the TNC. The plastic 
hood (supplied with the J2 connector and harness as- 

+ 
A 

1:' 
fig. 1. Circuit for the Kantronics KPC-2 bell annunciator. Parts values not specified in the schematic are shown in table 
1. The duration of the bell timer may be varied by changing the values of the 5 pF capacitor or 68k resistor. Diode CR1 
is a silicon device; a 1N4148, 1N914, or IN4001 may be used. 

sembly from Kantronics) will have to be removed, re- 
assembled and carefully drilled out to enlarge the ca- 
ble passageway to allow the bell cable to enter. 

ue 

P Z Z  

operation 
Carefully check your wiring for errors before apply- 

ing power to the TNC. If everything looks good, hook 
it all up and connect either to a local ham or to your- 
self via a local digipeater. A short, pleasant "beep" 
should reward you as the connect is made. 

U14 
JZ 
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' I  
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R 4 0  PWR/I/  1 9  1 
I I 

RFCI U R I  

78M05  

L - A  

0 + 5 V  

r '" * Added 
By User 

fig. 2. Partial schematic of the KPC-2 shows the wiring 
added to pins 4 and 8 of connector 52. The connect sig- 
nal is fed to pin 4, Ground is already present on pin 9, 
and the 5-volt VCC bus is ti,9d to pin 8. Note the presence 
of a jumper that originally grounded pin 4; this jumper 
must be removed from the PC board. 
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low-noise phase-locked UHF 
VCO 

part 2: construction and testing 

This VCO's noise level 

is over 60 dB 
below the carrier 

- great for 

microwave applications 

In  part 1 of  this article I described what I believe is 
an answer to the noise problem in voltage-controlled 
oscillators and showed that most Amateur UHF VCO 
applications can probably be satisfied by using a single- 
frequency, dedicated UHF phase-locked loop. This 
part presents construction information, describes test- 
ing, and provides performance characteristics. 

construction and circuit 
characteristics 

The UHF PLL is built on a standard 4-112 x 
6-1 12-inch G-10 (glass epoxy) PC board, as shown in 
fig. 1. The edge connector shown in table 1 provides 
for 15 volts DC, frequency select, and an unlock cir- 
cuit. The latter drives an LED out-of-lock warning indi- 
cator. The RF output connector, an inexpensive SMA 
type," is soldered to the PC board. Another SMA con- 
nector can be added if an external reference signal is 
to be used. 

Oscillator and phase detector. The UHF oscillator 
and its buffer-amplifier stage are mounted on the trace 
side of the board with the component side acting as 
the ground plane. These circuits are enclosed in a 
simple shield box soldered to the PCB. The box is 
made of 0.5-inch wide X 0.015-inch thick brass strip, 
which is available at most hobby shops. The strip is 

- 
Type 142-0298-001, available from E.F. Johnson. Waseca, Minnesota 

56093. 

formed into a 1.75 X 2.75-inch rectangle. Before 
soldering the box to the board, cut slots with a nibbling 
tool wherever PC lines enter or leave the box area. A 
partition is soldered inside the box to shield the 
oscillator from the buffer. An aluminum cover is fitted 
over the shield box. 

The phase detector uses a pair of Schottky diodes. 
Several kinds of diodes that will work in the phase 
detector are listed in table 2. The traces on the board 
will accept any of these types, but the Alpha D5486 
is recommended as the first choice because it is a dual 
diode in one package and therefore costs less than a 
pair of diodes. 

The PC board includes five integrated circuits: an 
RCA CA3179 prescaler, a 74LS191 programmable 
divide-by-N, a CD4046 phaselfrequency detector, and 
a pair of 74LS93 reference dividers. Also included are 
two voltage regulators, a 7808 and 7805. 

The quartz crystal for the reference oscillator was 
obtained from ICM under the code number 471360. 
This is a shear mode, third-overtone AT-cut crystal. 
The code number includes information relating to 
ambient operating temperature, frequency range, type 
of holder, and operating load. The crystal oscillator 
coil is a Coilcraft vertically-mounted 12-turn helical 
"Unicoil" with a 6-32 threaded tuning slug, 114 inch 
long, for inductance adjustment. The inductance with- 
out the slug is approximately 0.28 ,uH. You can wind 
your own on a surplus coil form if it includes a tuning 
slug. For example, a 3/16 inch OD coil form 1 I 2  inch 
long with a 6-32 powdered iron slug (1 14) inch requires 
ten close-spaced turns of No. 26 enameled copper 
magnet wire. 

Plated-through board. The PC board is quite special 
because it is solder-plated and plated through. The 
through-plating feature is a must for the UHF circuits. 
Not many Amateurs or experimenters have facilities 
for through-plating, but there is an alternate approach 

By Norman Foot, WASHUV, 293 East Madison 
Avenue, Elmhurst, Illinois 60126 
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fig. 1IAl. UHFPLLpcboardcomponent/groundplaneside. 161. 
UHFPLpc boardtraceside. Enclosurein upper left hand corn- 
er contains VCO. buffer and loop amplifier circuits. 

that I have used with good success. I insert a 
0.094-inch long x 0.043-inch diameter brass eyelet in 
each ground hole. Then I roll the eyelets over with a 
fine punch, hammer them flat, and solder them to 
ground on each side of the board. While this is 
admittedly a rather tedious procedure when there are 

table 1. Edge connector terminals. 

1 gnd 19 D 
2 nc 20 A 
3 nc 21 B 
4 nc 22 gnd 
5 nc 23 unlock 
6 nc 24 t 5  
7 nc 25 t 15 
8 nc 26 nc 
9 +15 27 nc 
10 gnd 28 nc 
11 t 8  29 nc 
12 gnd 30 nc 
13 + 5  31 nc 
14 nc 32 nc 
15 nc 33 nc 
16 nc 34 nc 
17 nc 35 nc 
18 C 36 gnd 

table 2. Diodes that can be used in the phase de- 
tector. 

Alpha D5486 1 required 
Alpha D5845 2 required 
Alpha D4787 matched pair 
H P 5082-2818 matched pair 
HP 5082-2816 matched pair 
MaCom Ma41513 2 required 
MaCom Ma4882 matched pair 

over 100 ground holes, it works very well. . . if you 
have the patience. I use this approach for preliminary 
breadboards. 

The cost of having a single plated-through PC board 
fabricated at a commercial plant is very high - as 
much as $230.00. However, in quantities of 100, the 
price drops to less than 20 percent of this figure. If 
you're interested in obtaining a board for your project, 
get in touch (just be sure to include an SASE). If there 
are enough inquiries, I may be able to provide a board 
at a very reasonable price. 

Avoiding pitfalls. Before heating up your soldering 
iron in anticioation of assembling this PLL, there are - 

some subtle characteristics that you'll want to know 
about. 

While there's nothing unusual about the component 
side of the PC board, the trace side includes a number 
of chip resistors as well as some chip capacitors, par- 
ticularly inside the oscillator and buffer compartments. 
To be more exact, the trace side of the board con- 
tains 11 chip resistors and 12 chip capacitors. 

The chip resistors are used where threading a pair 
of pigtails through the board from the ground plane 
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fig. 2.  VCO, buffer and loop amplifier schematic. 

side would seriously degrade performance. This is 
particularly true if the resistor is part of an RF circuit, 
such as an RF termination. Parasitic inductances are 
close to zero for these devices, which makes their use 
mandatory in UHF applications. 

Chip resistors are now available at reasonable price 
- typically 6-112 cents each in lots of 100 - in 
standard values from 2.2 ohms to 2.0 megohms. Chip 
resistors are generally specified at 5 percent tolerance, 
but since they're laser-trimmed, they're usually more 
accurate than that. My chip resistors, purchased from 
Mouser Electronics in Santee, California, are 60 x 130 
mils and 0.025 inches thick, or slightly larger than a 
typical chip capacitor, and easily installed. 

the oscillator circuit 

MATERIAL:  0 . 0 2 6  X 0 . 2  
T INNEO BRASS 

N O T E .  DIMENSIONS IN INCHES. 
MULTIPLY BY 2 5 . 4  FOR 
M I L L I M E T E R  EQUIVALENT 

0 7 

u 0 .125  

OUTPUT 
OSCILLATOR INDUCTANCE, L 2  COUPLINB PROBE 

f ig .  3. Details of oscillator inductor and output coupling 
probe. 

An article by G. D. Clock and associates1 describes 
a means for tuning a VCO by varying the base-emitter qu,ncy changes, Base-emitter and collector capaci- 
current. Television Receive Only (TVRO) and other tances increase with base current. I have produced 
oscillators have used this principle for a number of high-to-low frequency tuning ratios of over 12-1 I 2  
years. percent by using this method at frequencies as high 

Base-emitter tuning. This technique involves adjust- as 5 GHz. The 1152-MHz VCO described here uses 
ing the oscillator base-emitter current to produce fre- base-emitter tuning, which avoids the need for some- 
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times difficult-to-find UHF varactor tuning diodes. The is a relatively quiet, inexpensive device. It represents 
oscillator circuit is shown in fig. 2. the loop amplifier shown in fig. 4 (see part 1, page 

The base-emitter driving circuit for the oscilla- 37). TP1 is included to monitor the loop amplifier out- 
tor is also shown in fig. 2. The dual-gate MOSFET put voltage for tuneup. 

k = 1.m M s 1.OW.WO 

9 I  I  I  12 21 19 18 2 0  .?2 I 3  

fig. 4. Automatic Frequency Control schematic. 

E X T E R N A L  
REFERENCE 

EXCOD1 as indlcaled, decimal 
values 01 ca~.cIIance are m m,sro. 
farads L F k  olh*,s are in prcofar- 
ads 1pFk reslslanser are ~n ohms. 
k = 1,OW M = 1.m.m 

. OSCILLATOR 
- I N P U T  

u - SEE TABLE e ,,,,, 

A M P L I F I E R  

+ l S V  + SV 
if - S E E  T E X T  DETECTOR 

fig. 5. Reference oscillator, spectrum generator and phase detector schematic. 
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Parts list 
C1 51 pF disc 0 3  AT-41435-5 
C2 4.7 pF disc 04  MRF-901 
C3 51 pF disc 05  A T-41435-5 
C4 l W p F  disc 06  40673 
C5 0. W l  disc 0 7  2N2369A 
C6 22 pF/35-volt 08  2N2369A 
C7 15 pF/35-volt Tantalum 0 9  2Nuz2 
C8 10 pFI16-volt R l  33kilohms 
C9 70aOpF chip R2 820 ohms 
C10 10 pF/16 volts R3 22 kilohms 
C11 1000 pF chip R4 6.8 kilohms 
C12 22pF chip R5 51 ohms chip 
C13 47pF chip R6 680 ohms chip 
C14 7.0 pF/35-volt Tantalum R7 150 kilohms, 1/8 watt or chip 
C15 4.7 pF chip R8 47 kilohms, 1/8 watt 
C16 Erie No. 560-013, 0.5-5 pF chip R9 2.2 kilohms chip 
C17 47pFchip RlO lOO ohms 
Cl8 470 pF chip Rl1 150 ohms chip 
C19 47pF chip R12 4.7 kilohms chip 
CM 4 m p ~  chip R13 22 ohms 1/8 watt 
U 1  laWpF chip R14 910 ohms 1/8 watt 
C22 1.0 pF/35-volt Tantalum (inside oscillator compartment) R15 6 kilohms, 1/8 watt (adjust value for lC20 mA if necessary) 
C23 2.2 pF Tantalum R16 33 ohms 
C24 10aO pF chip R17 2.2 kilohms 
a 5  1 @ ~ / 5 0  volrs R18 100 ohms chip 
C26 5 pF disc R19 1.5 kilohms, 118 watt (inside amplifier compartment) chip 
~ 2 7  0. 1 PF 10-von disc RZO 4.7 kilohms chip 
C28 0.7 pF 10-volt disc R21 lW ohms 
W9 0. 1pF 10-volt disc R22 15 kilohms 
C B  0.01 pF disc R23 8.2 kilohms 
C31 0.001 pF disc R24 330 ohms 
C32 0.1 pF mylar R25 1 kilohms 
C33 0.7 pF 10-volt disc R26 10 kilohms 
C34 0.1 pF 10-volt disc R27 10 kilohms 
C35 0.Wl pF disc R28 4.7 kilohms 
C36 47pF chip R29 1.2 kilohms 
C37 l.OpF/35-volt Tantalum R30 1.2 kilohms 
C38 1WpF/16 volts R31 1.2 kilohms 
C39 0.1 pF 12-volt disc R33 330 ohms 
C40 22 pF/25 volts R34 150 kilohms 
C41 0.7 pF 50-volt disc R35 39 kilohms 
CRI See table 2 R36 330 ohms 
CR2 See table 2 R37 51 ohms fin oscillator compartment) chip 
CR3 1 N W  R38 51 ohms (in oscillator compartment) chip 
L 1 crystal oscillator coil U1 74LS93 
L2 oscillator inductance U2 74LS93 
L3 deleted U3 CD4046 
L4 5 turns No. 26 tinned busbar, 1/16-inch diameter, 114-inch long U4 74LS191 
PCB printed circuit board shield box and cover U5 CA3179 
0 1  2N2369A U6 7808 
02 2N2369A U7 7805 

Frequency adjustment. The VCO uses an MRF-901 
transistor. Except for minor details, the circuit is similar 
to the one used in a previous article.* A buffer amplifier 
provides isolation between the oscillator and the out- 
side world, thus making the job of the PLL easier. It 
also provides more output power. The buffer employs 
an Avantek AT-41435-5 bipolar transistor."" An Erie 
560-013 piston trimmer, used to adjust frequency, is 
located at the far end of the line where a tuning var- 
actor might otherwise be located. Although ceramic 
trimmers also work well, some of them tend to seize 
after extensive use; the Erie trimmer is more expen- 
sive, but can take more abuse. This is an adjustment 
that needs to be made only once. Thereafter, small 
changes in oscillator circuit parameters will be com- 
pensated for by the AFC circuit. 

Coil and coupl ing probe. To allow the VCO to be 
used for other purposes, the oscillator "coil" is sus- 

pended above the PC board ground plane rather than 
being printed. This also provides higher Q, which is 
needed to maintain low phase noise. The inductance 
for 1152 MHz is formed out of 0.025-inch thick by 
0.2-inch wide brass strip bent into a U-shape as shown 
in fig. 3. It's mounted by soldering one end to the 
piston trimmer and the other to the MRF901 collector 
lead. The collector lead is bent up at right angles to 
meet the coil. 

Coupling to the buffer is accomplished by means 
of an L-shaped probe located near the transistor end 
of the oscillator inductance. A 50-ohm chip resistor 
terminates the buffer input circuit to  avoid instability. 
The coupling probe is an L-shaped bracket made from 
the same kind of material as the inductance and solder- 
ed to the end of the buffer input PC trace. Space the 
probe about 1 I8 inch away from the oscillator induc- 

" Available from Peak Technology, Inc.. Arlington Park, Illinois 
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tance. An identical probe drives the prescaler, with 
very light coupling. 

 heo oscillator's emitter is left unbypassed. This im- 
poses some negative feedback, which in turn tends 
to suppress low-frequency flicker noise in a manner 
discussed in reference 9 (see part 1, page 38). 

Frequency division. Referring to fig. 4, note that a 

- UNLOCKEO + LOCKED + UNLOCKED - +T Tp;"::k;;o~ 

+ 4  

0 + 2  

PISTON TRlYYER ROTATION ANOLE 
c w -  

Fig. 6. AFC tuning curve. 

fig.7. Oscillogram of VCOspectrum with the4046as phasede- 
tector. Horizontal = 30 kHz/cm; vertical = 10 dB1cm. 

fig. 8. PLL spectrum. Vertical = l0dBlcm: horizontal = 
30kHz/cm; BW = lkHz. 
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pair of 74LS93s connected in cascade divide the crystal 
frequency by 64, to 562.5 kHz. The prescaler, U3, 
together with the divide-by-N stage, U4, provides 
division by 2048, which is also 562.5 kHz when the 
VCO is phase-locked to 1152 MHz. These two signals 
represent the scaled-down reference and VCO that 
drive AFC detector U3. 

The circuit of U4 is somewhat unusual because the 
RC output resets the counter to a preprogrammed 
value. This creates a modulo-N circuit that will divide 
by any integer from 1 to 16; the most useful numbers 
are 7, 8, and 9. For 1152 MHz, N =8. 

The AFC output from U3 is fed over a shielded wire 
to the DC return of the phase detector as shown in 
fig. 5. This wire is located on the component side of 
the board and its shield is soldered to the ground 
plane. 

Phase detector inputs. 03 is a UHF bipolar transistor 
used as the spectrum generator. Like the RF buffer, 
it's an Avantek type 41435-5. A "picket-fence" of har- 
monically-related signals, spaced 36 MHz apart across 

the band from 36 to 1400 MHz or more, drives the 
phase detector. One of these harmonics represents the 
desired phase-detector signal which, for an 1152-MHz 
VCO, is the crystal oscillator's 32nd harmonic. 

The phase detector also requires a sample of RF 
from the oscillator. While initially the VCO frequency 
may be incorrect, the AFC circuit will steer it to 1152 
MHz to effect phase lock. Coupling from the oscillator 
is achieved over a short (1-1 12 inch) piece of miniature 
coaxial cable such as RG-174 or equivalent. The braid 
is stripped back on each end and soldered to the 
ground plane at the points of entry. One center con- 
ductor end is soldered to the input of the phase detec- 
tor; the other end acts like a probe, extending about 
1 12 inch into the oscillator compartment. The insula- 
tion is left on the probe end. 

noise and spurious sidebands 
The original crystal oscillator multiplier built in 1969 

included a cavity resonator at the step-recovery diode 
(SRD) output. The Q of this cavity is relatively low 

fig. 9(A). Completed UHF PLL double-sided printed circuit board artwork Groundplane side. 
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because it was tightly coupled in an effort to  get preliminary adjustments 
maximum power out. Filtering of unwanted sidebands 
is therefore limited. The strongest set of sidebands 
appears 384 MHz away from the carrier on each side 
(384 MHz is the SRD driving frequency). These side- 
bands are 28 dB below the carrier; all others are over 
30 dB below. This represents reasonable performance 
for narrowband purposes when the first IF is less than 
384 MHz, but the spurious sidebands may produce 
"birdies" at the output of the second mixer in a wide- 
open (block down-conversion) system. 

The UHF PLL described in this article has filtering 
qualities resulting from the loop filter instead of a 
cavity. The only significant coherent spurious signals 
are located 562.5 kHz from the carrier on each side 
and are over 60 dB below the carrier. No phase noise 
was detectable on the HP-8551 spectrum analyzer. 
The calculated level is - 145 dBc/Hz at 1 kHz and 
beyond. 

Before applying power, check the component side 
of the board for insulated holes that don't have 
components in them. Ignore unfilled plated-through 
ground holes. All the other holes, with the exception 
of four pairs of component-side jumpers, should be 
filled. Then proceed as follows: 

Connect a 100-ohm, 2-watt resistor in series with 
the 15-volt power supply to limit the current in case 
of a short; otherwise the current should be about 90 
mA. 

Remove the 100-ohm resistor and monitor the cur- 
rent to the board. Depending on the status of tune- 
up, the current should be between 190 and 230 mA. 

Using a CRO, monitor the waveform on pin 14 of 
UI. (It's best to use a 50-MHz oscilloscope for this 
measurement.) Tune the crystal oscillator coil for max- 
imum peak-to-peak voltage. The positive peak should 

fig. 91B). Completed UHF PLL double-sided printed board artwork Trace side. 
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transmatch or you may enclose them In a 
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AEA announces $1000 
award for Amateur 

Radio outreach 
A new award designed l o  recognize 

Amateurs who have effectively promoted 
Amateur Radio to thoseoutside the hobby will 
be presented by AEA at the ARRL National 
Convention in San Diego on September 6. 
1986. 

The award will be based on dedication to 
Amateur Radio, influence on others outside 
Amateur Radio. and initiation of special 
projects or programs designed to promote 
Amateur Radio. A panel of judgesselected by 
AEA will choose thew inner an dot hers select^ 
ed for honorable mention. 

The winner will receive$lMX)incash, round- 
tripair fare to San Diego, hotel accommoda- 
tions, and meals. 

Any licensed Amateur can nominate any 
other licensed Amateur for consideration. All 
nominations must be madeon the AEA Ama- 
teur Ambassador Award nomination form, 
available from AEA. PO Box C-2160. Lynn- 
wood, Washington98036(a SASEshould be 
enclosed). Nominations will be accepted un- 
til August 15. 1986. 

Thegoalof thisaward istoencourageallac- 
live Amateur Radio Operators to promoteand 
share Amateur Radio with others. 

ham radio 

I1 poss~t~~th 1 ~ 1  uc, k r~ow  loor In SIX wi.r?rs 
belore you move and we will make sure 
your HAM RADIO Magarme arrives on 
schedule Jusl remove the rnalllna label 
from th~s magazlne and a f f ~ x  below 
Then cornDlele your new address (or any 
other coriect~ons) In the space provided. 
and we'll lake care o l  the resl. 

ham 
Allow 4-6 weeks for radio correctton. 

Maqazlne 

34 August 1986 



fig. 101A). Component layout superimposed on groundplane artwork. 

reach 4 volts, but as little as 2 volts are needed to drive 
U1. 

Connect a DVM or 50,000 ohmlvolt meter to TP1. 
Tune the piston trimmer and note the meter response, 
which should be similar to the discriminator curve 
shown in fig. 6. The oscillator will be phase-locked 
if the voltage at TP1 falls on the sloping part of the 

you have access to a spectrum analyzer. Carefully 
solder a short piece of wire across the phase detector 
from the loop, leaving the CD4046 to perform both 
AFC and phase detection. Lockup will occur as before, 
and voltage levels at TPl will be unchanged. However, 
the level of phase noise as seen on the spectrum ana- 
lyzer will have increased by about 60 dB in and around 
the carrier and out to several MHz. Except for the fact 
that the carrier is stable, the spectrum appears only 
slightly cleaner than when the oscillator is free- 
running. This agrees fairly well with the phase-locked 
N2048 curve of fig. 3 of part 1. Figure 7 is an 
oscillogram of the VCO spectrum under these con- 
ditions, while fig. 8. shows the phase-locked 
spectrum. 

I've chosen to call the PLL described here a "low 
noise" system. The title, of course, is relative, so fur- 
ther explanation is needed. 

The experts all agree that measuring phase noise 
accurately is difficult at best and strewn with potential 
pitfalls depending on the technique used. Basically. 
phase noise level is defined as: 

curve. If the oscillator isn't operating, TP1 will be less 
than 2.0'volts, and possibly almost zero. If the voltage 
on TP1 is greater than about 7 VDC, the AFC (U3) 
is inoperative. 

Pins 3 and 14 of U3 should show square waves at 
the same frequency; the leading edges should be ap- 
proximately in phase if the oscillator is phase-locked. 
You can check this with a dual-trace scope with a 
common time base. The square waves should have 
periods of 1.777 psec. 

Adjust the piston trimmer until the square waves are 
exactly in phase. The voltage on TP1 now corresponds 
to the optimum operating point where phase noise 
should be at its lowest. On the prototype PC board, 
the optimum value was 4.0 volts DC. 

an interesting experiment 

To illustrate the increase in phase noise caused by 
large values of N, you can perform this experiment if 
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Falcon Communications. Well Known for MOSFEfT Repeater Power 1 
Amplifiers. Also Makes A Hard Working Line of Bipolar Power Amplifiers I 
For Mobile Use. Our 2 Meter Mobile Amplifiers include: I 
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1 Watt in=90 ou; List $285 1 
1 Model 5122 10 Watts in = 150 out I 
I 2 Watts in = 50 out List $275 1 

Model 5123 30 Watts in = 150 out I 
10 Watts in =9O out List $235 

Model 6126 10 Watts in = 75 out I 
I 

I 2 Watts in =30 out List $170 I 

1 Model 4109 plug in receive pre-amp 
I 

12 db gain 
I 

2 db noise figure 
I 

List $36 1 
A FEW FEATURES: I 
1) Made in the USA 4) Automatic COR or remote keying I 
2) All mode (FM, SSB. CW) 5) Built in thermal protection I 
3) Optional plug-in receive preamp 6) Full 1 Year warranty I 
F o r  Inlormalion On Our C o m p l e t e  Line See Your  Local Dealer Or Call F a c t o r y  Direcl I 

P.O. Box 8979 Newport Beach, CA 92658 I 
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sSTV, FAX, OSCAR, PACKET, I 
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I "THE SPEC-COM JOURNAL"" I 

NOWIN OUR IBTH VEAROF SERVICE, 
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Per Year I 
3v WB0QCD I 
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CALL TOLL-FREE 1-800-628-2828 c.... - 41 
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HOTLINE is good for all 50 U.S. States including Hawa~i & Alaska and ALL of 
CANADA! U.S. subscriptions$20per year. Foreign slightly higher. A Master Ar- I ticle Index Special Issue is available for $3.00 postpaid. 

THE SPEC-COM JOURNAL 
I P.O. BOX H, 
I 
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Savelime-Money with HAZER 
Never Cllmb your tows, agaln wllh lhls Plevalor 
system 
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syslsm t r a m  lower In ventcle upnghl pos~t#on . Safety lock system on HAZER operates whlle 
ralslnplowertng h normal posltlon Never can fall . Welghl trsnslerred dlreclly l o  lower Wlnch Cable 
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"$0 

W8ll support m m t  anlennaarrays 
High qualbly mstsr~alr h wort.msnshlp . Salely speed convennence - smooth 

IrRuel . tnexpenolve . ComNele kqt 8ncludes winch I W  f l  of 
cable hardwareand !nslrucllons For ROhn 
25 G Tower 

Hazer 3 Slandard alum 8 sq I 1  load 2f3W ppd 
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40m Phased Array 
-the Easy Way! 

OPTI PHASOR~" BaileyTech 
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Low SWR over entlre 40m band 
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A m  ara!lsble wth rnalchnd $119.95 otwoesam I, ,,ms 

Check. MO, VISA. MIC 
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(513) 3762700 
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Sub Problem? 
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fig. 10181. Component layout superimposed on trace side artwork. 

where Esb and E, are respectively sideband and carrier 
voltages. Here, ASrrnS is the RMS value of peak 
frequency deviation at a distance f ,  from the carrier. 
But how does one measure A p  In high-purity sources, 
20 log (Af/frn is an extremely small number, typically 
more than 60 dB below the carrier. At an offset of 10 
kHz, phase deviation of a phase-locked source may 
well be much less than + 0.001 degree. 

In the absence of sophisticated test equipment, 
which is well beyond the reach of most Amateurs, 
what can an inexpensive analyzer such as the HP-8551 
show us? One sees the RMS sum of all the power 
passing through the 1-kHz bandwidth. This can be ex- 
trapolated to a 1-Hz band by use of so-called stochas- 
tic or random theory: 

' B1ooo k 30dB W30°0 k I0 log - 
Wl Rl 

In other words, the ultimate sensitivity of the 8551 is 
- (70 +30) or - 100 dBc/Hz. Based on this estimate, 
it should be easy to see the noise of free-running UHF 
oscillators. Judging from the spectrum response 
shown in fig. 8, the phase noise of the UHF VCO 
described here is less than - 100 dBc/Hz close-in - 
considerably better than the calculated level of -85 

fig 11. Detailof tracesideof PCBshowing locationsof chip 
capacitors and resistors as well as other VCO buffer and 
loop amplifier components. 
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I K.V.G. 
CRYSTAL I PRODUCTS I 

I 9 MHz CRYSTAL FILTERS 
Appll- Band 

MODEL cation wldth P o w  Pdce 
XF.9A SSB 2 4  kHz 5 653 I 5  
XF-96 SSB 2 4  kHz 8 72 05 
XF-96-01 LSB 2 4  kHz 8 95 90 
XF.98-02 USE 2 4  kHz 8 95 90 
XF-96-10 SSB 2 4  kHz 10 125 65 
XF-9C AM 3.75 kHz 8 77 40 
XF-9D AM 5 0 kHz 8 77 40 
XF-9E FM 1 2 0  kHz 8 77 40 
XF-9M CW 500 Hz 4 54 10 
XF-9NB CW 500 Hz 8 95 90 
XF-9P CW 250 Hz 8 I31 20 
XF.910 IF nolse I 5  kHz 2 17 15 

10.7 MHz CRYSTAL FILTERS 
WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 
Expon f~(uores lnvlled Shnppong $3 75 

MICROWAVE MODULES EQUIPMENTS 
Use your extsllng HF or 2M r!q on olher VHF or UHF bands 

RECEIVE 
CONVERTERS 

MMc 4351 ATV 94 95 
MMc 437-78(5) 59 95 
MMc 144 78(HP) 69 95 
MMC 144 7H '14 95 

LINEAR 
TRANSVERTERS 

MMI 1296 I.l.lG 349 95 
MMr I768 ! , I d  769 95 
MMI 432 78151 269 95 
MMI 144-781R) 3?9 95 
MMt 144-78 18q 95 
MMI 435-71181 779 95 

I LINEAR POWER AMPLIFIERS 
2M iOcm 
MML 144-30-LS 134 95 MML 432-30-L 189 95 
MML 144-50 S 119 95 MML 432-50 779 95 
MML 144 100.5 214 95 MML 432-100 3Y0 !I5 
MML 144-100-LS 224 95 
MML 144-200-5 

ANTENNAS 
7M 
IOXY 2M 
70cm LOOP YAGlS 
701MBM28 $44 95 IW&LY $49 95 
701MBM48 M 95 1296LY 49 95 
701MEM88 94 95 1691-LY 59 95 
DY70 c)OO MHz 74 95 order loop yagl connector erlra 

I Send €U (3 starnml lor lull delatk ol all wr VHF 6 UHF qulpmnls and KVG crystal 
DfGdUCIS 

Shlppmw F 0 8  Concord. Mass 

(637) 2 
SPE 

RNATIONAL, INC. 

BASEBALL CAP 
How about an anractlve BASEBALL slyle cap 
that has name and call on I! I1 glves a 
launty alr when worn at Hamlests and il Is 
a great help lor lrlends who have never 

me1 lo spol names and calls tor easy 
recognltlon Greal lor b~rrhdays. annwer. 
sarles. spec~al days. whatever occasion. 
Hats come in Ihe lollow~ng colors 
GOLD. BLUE. RED. KELLY GREEN 

per Ilne) 
I !UFBC-81 

PIf:ase send call and name (niax~mum 6 

56.00 

I.D. BADGES 
NO ham should be without an 1.0 badge. It's just the th~ng lor club meellngs. 
conventions. and el togelhers, and you have a wide cholce ol  colors Have 
your name and ca?l engraved In either slandard or scnpl type on one 01 lhese 
plastlc laminated I D  badges Available In the following color comblnatlons 
(badge!letterlng) whilelred. woodgra~nlwhde, bluelwh~le. whtlelblack. yellowl 
blue. redlwhlte, greenlwhlle, melalllc goldlblack. melalllc s~lverlblack 
I IUlD Engraved I D Badge $2.50 

Ham Radio's Bookstore 
Please Enclose 52 

Greenville. NH 03048 10 cover shlpplng and handl~ng 

dBcIHz. At offsets beyond 10 kHz, the noise is below 
the resolving power of the spectrum analyzer. 

conclusion 
In this article, I've described a phase-locked UHF 

VCO for Amateurs and experimenters who need a very 
clean signal source. The performance of this VCO has 
been compared with an earlier type of signal source 
using a crystal oscillator multiplier scheme. Both 
models are shown to have excellent phase-noise char- 
acteristics, based on measurements made on a spec- 
trum analyzer. The UHF VCO's level of coherent side- 
bands is over 60 dB below the carrier, a considerable 
improvement over the 1969 model. This characteristic 
is particularly important when the VCO is used to drive 
a multiplier for microwave applications. The VCO and 
associated circuits are mounted on a standard plug- 
in PC card. This assembly is typically dedicated to 
provide approximately + 10 dBm of clean local oscilla- 
tor power for UHF up- or down-converters. The VCO 
is also well suited for block down-conversion use. 

The plated-through nature of the PC board is essen- 
tial to good UHF performance. The completeVHF1 PLL, 
double-sided printed circuit board artwork is illustrat- 
ed in fig. 9A (ground plane side) and fig. 9B (trace 
side). The ground plane-mounted component layout 
includes two views in fig. 10 - with the ground plane 
side fig. 10A and the trace side of the PC board fig. 
10B provided in the background. Finally, a section of 
the trace side of the PCB shows the chip capacitors' 
and resistors' component layout superimposed on it 
in fig. 11. If you need help in obtaining this board or 
other components such as shield boxes, coils, diodes, 
transistors, and the like, send a business-sized SASE 
to me at the address shown at the beginning of the 
article. 
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used, so the interface units are 
compatible with any computer! 

The IF-1OA and IF-109 computer 
interface boards and IC-10 IC kit are 
designed to be installed inside the 
transceivers. Control is performed 
via the computer RS-232C port and 

Complete Control.. . 

through the IF.-232C level translator. 
The level translator performs two 
functions: (1) converts voltage levels 
from the RS-232C port to the TTL 
levels in the transceiver, (2) and acts 
as a noise supressor. A complete 
interface "kit" would include the 
appropriate computer interface units 
(IF-1OA. IF-lOB, or IC-10) and the 
IF-232C level translator. 

The applications of automated. 
station control are almost endless! 
Just imagine ... work DX from your 
hand-held .. .operate OSCAR "auto- 
matically" ... remote operation of your 
station ... or put togetherthe "ultimate" 
contest station .... 

- q r  
- ' -LC ' / -  4 ~ ~ v e l  t r a n ~ ! ~ t o r  

IC-!Q&. Comnuter interface for TS-7llA!TS-Vt p, 

l c - T C q  Corn~ute r  in+pr%ce f o r  TS-FAQS 
I C - l C  iC kit "orl-S-4403 cornout~r control 

Attention "computing" hams! The 
Kenwood IF-Series computer Inter- 
face units will enable you to  connect 
your TS-711A, TS-811A, TS-940s. or 
TS-440s transceivers to  your home 

( RT drrploy sllown rs a sarnDle proymm, nor avarlnhle 
from I,*, <enwoad Corr~nlorr!carror~s 

(.omplere servzce rn~nuals are avarlsble lor all 
1ri0 Krm>b%ood lranrrervers and mosl accesstlrles 
!.occrf,caPon: ~ r l d  ~rrcc::  :#to sub,erI lo change wrlhodrl 
rm>r<ce or ,lhlrgdIrorl m,, 

* IntercLir?iine: +:I;- r.omni.:rr.-5 
This means that one program may be 
used with several rigs, to minimize 
program changes. 
s S,rn~,ltnr?i~o;i , :gpt,?18*>r i  t i !  t l ? ~  

~?rng(('c?. 2- J * i ; l n c ; ~ ~ ; ? , a r  ( 3  

po+i:''l+ 

computer. RS-232C standard is r c ~  v r . 7  ~r~\~t,c~; l .el  

rewv,;~y;?.=e , - - ,  .+- .. , it.., . ,  . 
,.- 

,-' /' . . 
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: C :~ : .  . .. 
%f .,. r ' -' . . 
L 
, - -- ,,.tmt- '. 

r m - r  r 
..-- ,.. % --LA 

. . . . - . .>- . . 
. , 8 8  , , , .,:>+ * - ., . . 

5 . .  

e "n~:;o~.i-'!l!, n - y  . r > ~ a ( > r ' m i c l ; ~ v ( !  
I,,':: ,(:,-',r,,> .:n 

$3 \P , f ;< :<- .  &,:,r,<t+, (..+ .,,",,:,,?~l<c 
Memory input and recall, frequency 
selection, frequency step, sub-tone 
frequency, offset, antenna tuner. 
DCS, scan, and many, many more 
functions are accessible with the 
Kenwood computer interface unit! 
r ,,(I <' ,',c !,,-..-L . 7 A 2 7 t i i .  (!)!l!nnaO 

.Thort \+lave 
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More IF-232C and computer inter- 
face information is available from 
authorized Kenwood dealers. 

TRIO-KENWOOD COMMUNICATIONS 
1111 West Walmrl :;lre~.l 
Cornplon. C i ~ l ~ f o r r ~ l i ~  90:'20 



ElMAC Tubes Provide Superior 
Reliability at radio station KWAV - 
over 112,000 hours of service? 

Ken Warren, Chlef Englneer at rellablllty wlth the longest and Send for our free Extended War- 
KWAV [eports that thelr 10 kW best warranty program In the ranty Brochure whlch covers 
FM transmitter went on the air in buslness Up to 10,000 hours for thls program In detall. 
November, 1972, equlpped wlth selected types. Wrlte to. 
ElMAC power tubes. The orlgl- 
nal tubes are st111 In operation af- 
ter over 13 years of continuous Var~an ElMAC 
duty1 301 lndustr~al Way 

Ken says, "In splte of terrlble San Carlos. CA 94070 

power llne regulation, we've had Telephone (415) 592-1221 
I 

no problems w ~ t h  ElMAC tubes. 
In fact, In the last two years, our 
standby transmitter has oper- 
ated less than two hoursf" 1 

Transmitter downtime means 
less revenue. ElMAC tube reha- 
blllty glves you moreof what you 
need and less of what you don't 
want. Operating and Quality is a top pr~orlty at EIMAC. 
less downt~mel where our 50-year charter IS to 
ElMAC backs thew proven tube produce long-life products. 

varian 



ham radio 

50th anniversary of the 
tube that changed 
everything 
1936 was a very good year. The 
country seemed to be coming out of 
the Great Depression. More people 
were at work and the lines in front of 
the soup kitchens seemed to be get- 
ting shorter. . . and great things were 
stirring in the young field of elec- 
tronics. 

For years circuit designers and radio 
manufacturers had struggled with low- 
gain, low-performance receiving tubes 
that consumed a lot of power and 
produced only mediocre results. The 
battery-operated receiver was dead; 
the AC receiver was here to stay. The 
time was ripe for the introduction of 
a new family of tubes that would trans- 
form radio from a curiosity into a piece 
of household furniture. 

In 1935 the General Electric Compa- 
ny developed the idea of a metal 
receiving tube that wouldn't require an 
external shield and could be made in 
large quantity at low cost. Experimen- 
tal tubes were made and the Radio 
Corporation of America was licensed 
to produce such tubes for the'home 
entertainment market. 

At the same time, Otto Schade, Sr., 
and his associates at RCA were at 
work on a revolutionary tube design 
that would offer high gain, high pow- 
er output, and low signal distortion. It 
seemed a good idea to incorporate this 
concept in the newly developed metal 

fig. 1. The famous 6L6 passed through several designs in its long lifespan. At left is the 
original metal 6L6. Next to i t  is the glass 6L6G version. Second from right is the transmit- 
ting version. the 807 (6.3 volts) or 1625 112.6 volts). The 807 had two getters in the base of 
the tube, shield plates around the tube stem and extra insulation between the metal anode 
and the mica supports. The plate lead was brought out the top of the envelope. A t  right 
is the T-21. a transmitting version of the 6L6G. It employed a 6-pin ceramic base of low 
loss. but eliminated the anode insulating supports. The T-21 performed well at 500 volts 
but often flashed over when run at higher voltages. Even so, it was a bargain for less than 
two dollars. 

envelope. The new tetrode tube made 
use of aligned grid and screen ele- 
ments and beam-confining plates. This 
resulted in an electronic suppressor 
within the tube structure that in- 
creased overall efficiency and removed 
some of the "kinks" in the tube 
characteristics that had plagued older, 
less sophisticated designs. 

The happy results of this pioneering 
work were announced in the early 
spring of 1936 with the introduction of 
the 6L6 "Beam Power Tube" (fig. 1). 

too good to be true? 
The characteristics of the new tube 

seemed too much to believe. A pair of 
6L6s working with 400 volts on the 
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plate could produce over 25 watts of 
audio power! And even more interest- 
ing, the 6L6 could grind out over 35 
watts as a crystal oscillator! 

Now the big question - how would 
the 6L6 act as an RF amplifier? The 
tube was tried out; results were mixed. 
What to do with the metal envelope? 
Ground it? Let it float? There was 
much argument about this. QST 
wasn't sure what to do, so they left the 
shield floating in a simple amplifier de- 
sign and remarked that - unfor- 
tunately - the tube had to be neutra- 
lized JO operate stably. 

The problem resolved itself later that 
year, when RCA and others announ- 
ced a glass version of the 6L6 known 
as the 6L6G. This repackaging job was 
presumably done to reduce manufac- 
turing costs and speed up production; 
it's thought that the metal tube manu- 
facturing technique was not proving 
cost-effective. At the same time, the 
6L6G was rearranged to bring the plate 
connection out of the top of the envel- 
ope. Thus was the 807 born. 

In order to make the 807 a true 
transmitting tube, additional internal 
insulation was added to boost the 
maximum voltage rating to 600 volts 
and small shields were added around 
the base of the tube stem to reduce in- 
ternal feedback paths. In reviewing the 
tube, QST said, "It may have a ten- 
dency to self-oscillate in high-gain cir- 
cuits above 14 Megacycles, or in 
designs where input and output cir- 
cuits [arel not 'carefully isolated." 

life and death of the 807 
The 807 was a blockbuster. It was 

the first high-gain, low-drive, inexpen- 
sive transmitting tube for the Radio 
Amateur. A pair of 807s - at $3 each 
- could comfortably run at 120 to 150 
watts input on CW all day long! . 

Unfortunately, everybody got into 
the act. Clones of the 807 were made 
by many manufacturers, and cheaper 
versions of the 6L6G were sold with 
low-loss bases for RF service. Old- 
timers remember the Taylor T-21, 
which sold for $1.95 and seemed to 
work as well as the 807. 

But the 807 was to come upon rocky 

ious improved models saw duty as 

I sweep tubes, with the final versions of 

t 
the venerable design being the 6LQ6 
and the 6MJ6. Some of these tubes 
saw duty as linear amplifiers in 
Amateur service (fig. 3). 

All in all, the original 6L6 concept 
endured for 50 years in one form or 
another, and the principle of electron 
beam direction has been carried into 
the modern transmitting tubes. The 
8877, 4CX5000A, and many other 
modern tubes are descendents of the 
original design worked out by Schade 
and his colleagues over 50 years ago. - 
Hats off to  these pioneers! 

fig. 2. The pre-war 807H6251. Note the base 
shield and the ceramic insulators between 
anode and mica supporting structure. A t  
right is post-war807. The baseshield is miss- 
ing and the ceramic anode supports have 
been removed. The changed electrical 
characteristicsof thetube. plus thefactthat 
many manufacturers were making the tube 
to slightly different specifications. tended to 
givethetubea reputation for instability and 
poor performance 

days. When it went into large-scale 
production during World War II, the 
special insulators, as well as the base 
stem shields within the tube, were 
eliminated to cut costs. The 807 began 
to look more and more like a simple 
version of the 6L6G (fig. 2). 

The problem was that circuits 
designed for the "good" 807 couldn't 
perform properly with the cheaper ver- 
sion. The 807 rapidly earned a reputa- 
tion as an unstable tube, mainly 
because so many different versions 
were available. In those days, manu- 
facturers didn't know - or simply ig- 
nored the fact - that changing the 
internal support structure and moving 
the connecting leads to the elements 
about to fit a particular manufacturing 
process would drastically alter the 
operation of the tube, particularly at 
higher frequencies. 

While the 807 faded into obscurity 
and was replaced by the newer 6146, 
the 6L6G flourished in the brand-new 
field of television. It was revived for hi- 
fi audio as the 6L6GC16L6GB and var- 

the horizontal square loop 
antenna 

A letter arrived from Bob Morrison, 
AGSC, which may be of general in- 
terest: 

The November, 1985, QST con- 
tained an article on a horizontal square 
loop antenna. Such strong claims were 
made that I decided to compare a full- 
wave horizontal square loop with a 
half-wave dipole using the numerical 
electromagnetics code computer pro- 
gram, NEC-2. 

A perfectly conducting ground 
plane is assumed. Far-field radiation 
patterns in either horizontal or vertical 
planes show little difference between 
the antennas. 

This is not surprising since both an- 
tennas consist of elemental horizontal 
dipoles. However, nulls in the zenith 
lobe occur at different antenna 
heights. Also, the loop is resonant at 
all harmonics, while the dipole is 
resonant only at odd harmonics. 

This is not to say the horizontal loop 
is not a good antenna-it is. Just don't 
expect miracles. 

the K4EF antenna and 
tuner 

The "All-band" wire antenna and 
tuner designed by Ev Brown, K4EF, 
perform well on all bands between 160 
and 10 meters (fig. 4).  The antenna 
consists of a 200-foot wire, with 50 
feet in the vertical plane and the re- 
mainder run horizontally to a nearby 
tiepoint. The antenna works against 
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fig. 3. The ultimate 6L6. At left is the 6L6- 
GB with high plate dissipation rating 130 
watts1 and improved base structure. A sin- 
gle tube would deliver 11 watts of audio at 
350 volts plate potential. At right is the 
sweep-tube version of the 6L6-the 6LQ6. 
Note the heavy anode leads. Tubes of this 
type were popular in Amateur linear 
amplifiers for a number of years. 

ground in Marconi fashion. Ev original- 
ly used a single ground rod, but later 
laid out a ground screen beneath the 
antenna consisting of 1000 feet of No. 
14 wire forming a mat about 20 feet 
wide and parallel to the horizontal por- 
tion of the overhead wire. After all this 
effort, he could detect no change in 
performance! 

One reason efficiency is high is that 
the feedpoint resistance of the anten- 
na is about 100 ohms at 3.5 MHz and 
nearly 4000 ohms at 1.8 MHz. 

The feedpoint is very "hot" on the 
160- and 80-meter bands and a high 
voltage, transmitting-type capacitor is 
required to prevent flashover. Toroidal 
coils, wound on several stacked 
Amidon T-200 forms, were tried but 
proved unsatisfactory because of heat- 
ing and inductance drift. The solution 
was air-wound inductors. 

Generally speaking, the tuner will 
tune any length of wire over 40 feet 
long at 7 MHz or higher, provided the 
wire is not a quarter wavelength long. 
The antenna feedpoint resistance must 
be higher than 50 ohms in order to al- 
low the tuner to do its job. 

If the antenna is used exclusively on 
160 meters, the antenna length can be 
chosen to match available compo- 
nents. For example, if the tuner capa- 
citor is only 200 pF, antenna length 
should be increased to about 210 feet. 
The coil inductance must be increased 
to about 80 turns (4OPH). Conversely, 
if a 1000-pF capacitor is available and 
you want to reduce the length of the 
antenna, a length of 175 feet is ap- 
propriate. 

Ev says this antenna is outstanding 
on 160.80, and 40 meters because the 
current loop is quite high in the air. On 
the higher bands he's able to compete 
with the "big boys" and frequently 
raises DX stations on the first or se- 
cond call. 

Ev likes the antenna so well he never 
got around to erecting his "Christmas 
tree" stack of Yagi beams on his 
%-foot tower! 

KILPS on radials 
One of the top DXers on 160 meters 

is K t  LPS. Larry advises against being 

fooled by claims stating that a good 
ground (radial) system isn't required on 
160 meters. "While a station using a 
vertical without radials will work stuff," 
he says, "a station using the same ver- 
tical with a good radial system will con- 
sistently outperform the equivalent 
antenna without radials on a given 
path." 

KlLPS started out with an "L" an- 
tenna about 45 feet high with the end 
90 feet running horizontally - quite a 
typical 160-meter antenna for the lean 
purse. He began with a single ground 
rod, plus four radials, none of which 
were more than 60 feet long, but 
found that results improved markedly 
as he improved his ground system. 
"The antenna was certainly not a 
pileup-beater by any means, but I 
eventually got there," he comments. 

Encouraged by these results, Larry 
put up a better antenna. It was an L- 
shape, with 66 feet vertical and the re- 
mainder horizontal. He made careful 
measurements as he laid in a ground 
system, bit by bit. Starting out with a 
ground rod and four quarter-wave radi- 
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fig. 5. The WlFB 160 meter monopole 
a n t e n n a .  

als, he measured his feedpoint 
resistance as 45 ohms. Bandwidth be- 
tween the 1.5-to-1 SWR points was 
about 70 kHz. 

He next added 18 additional quarter- 
wave radials. The feedpoint resistance 
dropped to 38 ohms and the 1.5-to-1 
passband disappeared, because the 
minimum value of SWR at antenna 
resonance was 1.6-to-I! Before he 
built a matching network, he added 
ten more radials, bringing the feed- 
point resistance down to about 22 
ohms. Using a fixed matching net- 
work, K1 LPS achieved a match of uni- 
ty at 1820 kHz, but the antenna 
bandwidth between the 1.5-to-1 SWR 
points had dropped to 40 kHz. 

These various changes took place 
over an extended period of time. Sig- 
nal reports were solicited from many 
stations at various distances each night 
after additions to the ground system. 
A good many hams kept track of Lar- 
ry's progress and there was a noticea- 
ble improvement as radials were 
added. It was finally concluded, 
however, that additional radials over 44 
didn't seem to make much difference. 
And - finally - K1 LPS made that elu- 
sive Japanese contact! 

K1LPS says, "Yes, you can get by 
without radials. But if you want to 
work long-haul DX, find a way to get 
a good ground system installed. That's 
the difference between a passable sig- 
nal and a pile-up breaker!" 

In closing, Larry remarks, "A poor 
ground system has one thing going for 
it - a nice, broad SWR curve across 
a relatively wide frequency range. But 
then, so does a dummy load!" 

the W1FB 160-meter 
monopole 

Because it's difficult to be loud on 
160 meters when you live on a city lot, 
I've long envied those lucky hams who 
live on country estates, with acres of 
land at their disposal. My good friend 
Doug, WIFE, has pondered the 
problem and finally come up with a 
compact monopole antenna design 
that solves this problem for Amateurs 
who can find 60 feet of space, either 
straight up, or at an angle (fig. 5). 

Basically, the antenna is a "fat" 
monopole, top-loaded with an induc- 
tor and a capacitance hat. An arrange- 
ment such as this could end up being 
a rat's nest, but Doug has engineered 
the design through several models and 
arrived at a clean, compact, rugged 
package that's easy to install and ad- 
just. Eighteen radials, each 130 feet 
long, are laid out beneath the anten- 
na. The spacers are made of high- 
impact acrylic tubing and the array is 
made of No. 14 wire. Slung up in the 
clear, the measured SWR of the an- 
tenna between the 2-to-1 SWR points 
is 165 kHz. That's not too shabby for 
such a compact antenna! 

More information on this nifty an- 
tenna? Write Oak Hills Research, 4061 
North Douglas Road, Luther, Michigan 
49656. Doug says the only problem 
now is that he doesn't have time to get 
on the air and work DX anymore! 

ham radio 
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BLACK DACRONm POLYESTER 
ANTENNA ROPE 
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* H I G H  A B R A S I O N  R E S I S T A N C E  
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* S A T I S F I E 0  C U S T O M E R S  D E C L A R E  
E X C E L L E N C E  T H R O U G H O U T  U . S . A .  

LET US INTRODUCE OUR DACRON@ 

ROPE TO YOU SEND YOUR NAME 

AND ADDRESS AND W E ' L L  SEND YOU 

FREE SAMPLES OF EACH S I Z E  AND 

COMPLETE ORDERING I N F O R M A T I O N  
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We've Got Books 
Plenty of Books 
Send SASE for free flyer 

Ham Radio's Bookstore 
Greenville, N. H. 03048 
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Under New Ownership 

American made RF Amplifiers and Watt/SWR Meters 
of exceptional value and performance. 

e 5  year warranty prompt U.S. service and assistance 

RF AMPLIFIERS WATT/ SWR METERS 

2 METERS-ALL MODE 
823 2W in =30W out 
(useable in: 100 mW-5W) 
B108 10W in=80W out 
(1 W = 15W. 2W =30W) RX preamp 
B1016 10W in =160W out 
(1 W =35W. 2W =WW) RX preamp 
B3016 30W in = 160W out 
(useable in: 15-45W) RX preamp 
(low = 100W) 

220 MHz ALL MODE 
C106 10W tn =60W out 
(1W=15W, 2W =30W) RX preamp 
C1012 10W in =120W out 
(2W =45W, 5W =WW) RX preamp 
C22 2W in -20W out 
(useable in: 200rnW-5W) 

RC-1 AMPLIFIER 
REMOTE CONTROL 
Duplicates all switches. 18' cable 

peak or average reading 
direct SWR reading 

MP-1 (HF) 1.8-30 MHz 
MP-2 (VHF) 50.200 MHz 

430450 MHz ALL MODE 
D24 2W in =40W out 
(1W =25W) 
Dl010 10W in=100W out 

( lW=25W.  2Wz50W) 

Available at local dealers throughout the world. 
1/ 155 

16890 Church St. Morgan Hill. CA 95037. (408) 779-7363 
COMMUNICATIONS EOUIPMENT,INC. 



SPACE / STZl BRING 
THE BEST OF SATELLITE TVRO TO.  . . 

NASHVILLE! 
September 1-2-3, 1986 

at our Most Popular Location 
THE OPRYLAND HOTEL! 

ON . 

THE 
The most up-to-the-minute equipment and sales ideas in  the world 01 

Satellite TVRO are yours at the SPACE/SlTI Show in  September! -600- plus 
Exhibit Booths, over 400 Operating Antenna Dishes, 18 hours of  Free 
Seminar Training! The newest i n  the exciting world of C-Band and KU-Band 
satellite equipment wil l  be yours t o  see, touch and operate. 

ROAD 
Add all this to  the wonderful fun of  Nashville - The Grand Ole Opry, 

TO Country Stars, Spectacular Opryland U.S.A. Theme Park, The Steamboal 
"General Jackson" and theflGone With The Wind" grandeur of  the Opryland 
Hotel - and you have a week you'll always remember! 

SALES 
THE OPRYLAND HOTEL 

SUCCESS Monday, Tuesday and  Wednesday 
September 1-2-3, 1 9 8 6  

~ a s h v i l l e ,  Tennessee 

FOR DETAILS: C a l l  STTl at 1-800-654-9276 or 702-367-1471 or Write STTI, NASHVILLE! 4 9 7 0 S . A r v i ~ 1 e . S u i t e 1 0 8 . L a r V e g a r . N e v a d a 8 9 ~ 8 .  



All weather protection 
for outdoor shows 
SLAM,  PEAK OR FLAT ROOFS 

FREE STANDING - FAST SET-UP 
NO TOOLS REQUIRED - 
SNAPS TOGETHER 
WHITE OR BLUE TARPS 

FITS IN M E  TRUNK OF A CAR 
JOINTS & PARTS 

PACKAOE COMPLETE - 
READY T O  USE 
MONEY BACK OUARANTEE 

Fre4 brochure on request 
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1986 Summer Radio 
Amateur Call Book 

Supplement 
$9.95 + $3.50 shipping 

Send $13.45 to: 

Ham Radio's Bookstore 
Greenville, N. H. 03048 

See your dealer or write M I 
Sl -V  RL IL1.E. T i N  7 S c 7 I I E  37862  
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F > 
AMATEUR RADIO MAIL LISTS 

S e l f - s u c k  1x3 labels 
'** NEWLY LICENCED HAMS *** 

**' ALL NEW UPGRADES *** 
*** UPDATED EACH WEEK *** 

Total L l s f  = 462.728 (ZIP sorted) 
Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mlneral Vlr lnla 23117 

70!3:89!-5777 f l  lm 

& 

NEW FOR FT-757GX! 
Improve selectlvlty by replacing your 
stock 2700 8 600 bandwidth filters 
wlth genulne Fox Tango &pole drop 
Ins. 21M3Hz tor SSB, War 250 for CW 

VACATION SPECIAL 
Reg. $60 SpecralS55 ea., $100 pr. 

SHIPPING 55 (US d Lanedal  
112 Elsewhere Order by mall or phone 

VISA/MC or COD accepled 
Ask Aboul Our Fdlers For Many Other R,pr 

FaX-TANGO COW- 
B o x  1 5 9 4 4 .  W Palm Bch, FL 3 3 4 1 6  

T e l e p h o n e  (305) 6 8 3 - 9 5 8 7  
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Message 
MASTER 

180 
MasterTM 

O • 

- MESSAGE 

Real-voice message system 
For any repeater or base 

Now you can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice , 

recording system which can record messages just by 
listening to you speak, store messages in memory, and 
deliver messages on demand. I f  you can't be there to 
deliver your messages let Message Master deliver them 
for you - any messages in any languageand in yourown 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 

Create messages just by talklng. Message Master's 
'real-volce' technlque saves YOUR VOICE In dlgltal 
memory to dellver messages In your own volce, lan- 
guage and dlalect. 

Mailbox-style operatlon glves lndlvldual message 
delivery senlce to 100 system usem. 

Easlly added to any repeater or base statlon for re- 
mote operatlon with only four connectlons. 

Special features Include callslgn Identlflcatlons, tall 
messages, and bulletln messages. 

exchange messages between your radiosystem and the 
telephone network. Dlgltal message storage provldes Instant playback of 

stored messages. 
Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. Modular memory meets Your exact needs from 2 to 8 
With 8 minutes of message storage it can store mlnutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would you like your callsign identifications, Serving all your repeater needs 
tail messages, and bulletin messages sent in 
real-voice? M~~~~~~ ~~~t~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 

too. Record several identification messages FORMA NCE LEADERS with real voice, more autodial numbers, 

and it will evensend adifferent IDeach time. more synthesized voice and more features. 

Almost like magic. Message Master knows - Mark 3 Repeaters offer the winning combination of high per- 
when to  send identifications and tail mes- formance and high value. 
sages so it needs no special control signals 
from your base or repeater. - LR-1 Repeaters boast superb RF circuitry at an economical 

price. 
Call or write for further information before - MR-4 Receivers with 7 helical resonators are the only receivers 
you make another wasted call. to choose in harsh RF environments. 

Commercial users: Ask for a brochure on - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. -- 

I ~ .  ~ 

,- .. 
COMING SOON: A 4-channel re- 
ceiver voting system which oper- 
ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 

r /  161 
KENDECOM INC. 

MICRO CONTROL SPECIA 
23 Elm Park 

. . 
Groveland, MA 01834 

. . 
. ... (61 7) 372-3442 



solid-state rectifiers 
Because the  lowly  rectif ier diode 
isn't exactly a high-tech electronic 
part, it's sometimes overlooked by 
those accustomed to more sophisti- 
cated electronics - microprocessors, 
packet radio TNCs, and HF SSB trans- 
ceivers, for example. Nonetheless, the 
rectifier diode is extremely important. 

Consider this: about 20 years ago 
there was a popular SSB rig on the 
market that suffered a terrible reputa- 
tion for poor reliability. These rigs were 
on the blink more often than not (or 
so it seemed to those of us who owned 
them). The main - and for the most 
part only - problem was with the rec- 
tifier diodes. The manufacturer used a 
1000-volt PIV rectifier in a 750-volt DC 
power supply. So what's wrong with 
using a 1000-volt diode in a 750-volt 
circuit? Read on, and you'll find out. 

what are rectifiers? 
The word "rectify" means "to make 

right or remove impurities." The pur- 
pose of a rectifier in a DC power sup- 
ply circuit is to remove the impurities 
of the AC line current and make it right 
for DC-craving electronic circuits. AC 
is incompatible with most electronic 
circuits, so it must be changed to DC 
by a rectifier. From the above discus- 
sion you can probably guess that the 
main requirement for a rectifier is to 
convert bidirectional AC into a uni- 
directional form of current. Although 
ham equipment once used vacuum 
and mercury vapor rectifier tubes to 
accomplish this task, all modern equip- 
ment now relies on solid-state PN junc- 
tion rectifiers. 

Figure 1 shows the standard circuit 
symbol for the solid-state rectifer diode 
(fig. I A ) ,  along with some common 

-2 

ANDDL CATHODE 

@ 

0 

fig. 1. Solidstate rectifier diodes: (A) stan- 
dard circuit symbol; (6) through (E) com- 
rnon shape of epoxy or "plastic" package 
devices; (F) "Top-hat" type and (GI stud 
mounted. 

shapes of actual diodes. The "input" 
side, where AC is applied, is the 
anode, while the "DC" output is at the 
cathode. The diodes shown in figs. 1% 
through 1G are positioned so that the 
respective anodes and cathodes are 
aligned with those of the circuit sym- 
bol in fig. 1A. Rectifiers in figs. 1% 
through 1E are epoxy or "plastic" 
package devices, the type we usually 
see. The cathode end will be marked 
with either a rounded end fig. 16, a 
line (f ig. IC) ,  a diode arrow (fig. I D )  
or a plus sign (fig. IE ) .  

The diode shown in fig. I F  is the 
old-fashioned - and now obsolete - 
"top-hat" type. Unless otherwise spe- 
cified, the top-hat type can safely pass 
a current of 400 milliamperes, while 
those in figs. 10 through 1E gener- 
ally pass 1 ampere (or more, for larger 
packages). 

The stud-mounted type shown in 
fig. 1G is a high-current model. These 
diodes are rated at currents from 6 am- 
peres or more; 50- and 100-ampere 
models are easily obtained. They are 
mounted using a threaded screw at 
one end, which also forms one elec- 
trical connection. The other electrical 
connection is the solder terminal at the 
other end. Unless otherwise specified, 
the solder terminal is the anode, while 
the stud-mount is the cathode termi- 
nal. Exceptions to the polarity rule are 
sometimes seen. The reverse polarity 
diodes will have either an arrow sym- 
bol pointing in the opposite direction 
(the arrow always points to the cath- 
ode), or an "R" suffix on the type 
number - for example, 1NxxxxR. 

rectifier specifications 
The use and abuse of solid-state rec- 

tifiers involve key specifications: for- 
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fig. 2. Rectifier output: (A)  Solid line, half-wave rectified; (Bl  Full-wave rectified. 

ward current, leakage current, surge 
current, junction temperature, and 
peak inverse voltage (PIV) - also 
called peak reverse voltage (PRV). 

The forward current is the maximum 
constant current that the diode can 
pass without damage. For the popu- 
lar 1 N400x series of rectifiers the for- 
ward qurrent rating is 1 ampere. The 
leakage current is the maximum cur- 
rent that will flow through a reverse 
biased junction. In an ideal diode, the 
leakage current is zero; in practical 
diodes of reasonable quality it is very 
low. 

The maximum surge current is a rat- 
ing that can get you into trouble. The 
surge current is typically very much 
larger than the forward current, so it's 
sometimes erroneously taken to be the 
operating current of the diode. It's de- 
fined as the maximum short-duration 
current that will not damage the diode. 
"Short duration" typically means 1 I60 
of a second! So don't use the surge 
current as if it were the forward cur- 
rent (a common but disastrous mis- 
take). 

The junction temperature is merely 
the maximum allowable temperature 
of the PN junction. The actual junction 

temperature depends on the forward 
current and how well the package (and 
environment) rids the diode of internal 
heat. Although typical maximum junc- 
tion temperatures range from + 125 to 
+ 150 degrees C, good design requires 
as low a temperature as possible. One 
reliability guide mentions that the junc- 
tion temperature should be limited to 
a maximum of + 110 degrees C. 

The peak inverse voltage (PIV) is the 
maximum allowable reverse bias volt- 
age that won't damage the diode. This 
rating is usually the limiting rating in 
certain power supply designs, and the 
least often heeded. Later in this arti- 
cle, we'll learn how to select the PIV 
rating for practical power supplies. 

The output from the rectifier is not 
pure DC, but rather pulsating DC. For 
halfwave rectifiers we see a waveform 
such as fig. 2A, and for fullwave rec- 
tifiers we see the waveform of fig. 2B. 
The pulsating DC waveform is almost 
as useless for electronic circuits as the 
AC input. However, we can filter the 
pulsating DC output to form nearly 
pure DC. Although the subject of filter- 
ing is beyond the scope of this article, 
we must consider at least the simplest 
form of a power supply filter in order 

to correctly select a rectifier for any 
given application. Figure 3A shows a 
simple power supply with a brute-force 
filter capacitor, C, shunting the load to 
filter the pulsating DC into nearly pure 
DC. This capacitor will charge to a po- 
tential equal to the peak voltage, i.e. 
1.414 times the applied RMS voltage. 

selecting rectifier diodes 
The two parameters that you'll most 

often use to specify practical power 
supply diodes are the forward current 
and peak inverse voltage. Get these 
right and in almost all cases the recti- 
fier will work long and hard for you. 

The forward current rating of the 
diodes must be at least equal to the 
maximum current load the power sup- 
ply must deliver. That's common 
sense. But in the real world there's also 
the necessity for a safety margin to ac- 
count for tolerances in the diodes and 
variations of the real load (as opposed 
to the calculated load). It's also true 
that making the rating of the diode 
larger than the load curent will greatly 
improve reliability. A good rule of 
thumb is to select a diode with a for- 
ward current rating of 1.5 to 2 times 
the calculated (or design goal) load 
current - or more if you can get it. 
Although selecting a diode with a very 
much larger forward current (e.g., 100 
amperes for a I-ampere circuit) is both 
wasteful and likely to make the diode 
not work like a diode, it's generally the 
rule to make the rating as high as feas- 
ible. The 1.5 to 2 times rule, however, 
should result in a reasonable margin of 
safety. 

The peak inverse voltage (PIV) rat- 
ing can be a little more complicated. 
In unfiltered, purely resistive circuits 
the PIV rating needs only to be greater 
than the maximum peak applied AC 
voltage (1.414 times RMS). If a 20- 
percent safety margin is desired, then 
make it 1.7 times RMS voltage. 

Most rectifiers are used in filtered 
circuits (e.g. f ig. 3A), and that makes 
the problem different. Figure 3B 
shows the simple capacitor filtered cir- 
cuit redrawn to better illustrate the cir- 
cuit action. Keep in mind that capac- 
itor C is charged to the peak voltage 
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with the polarity shown. The voltage 
across the transformer secondary (V) 
is in series with the capacitor voltage. 
When voltage V is positive, the trans- 
former voltage and capacitor voltage 
cancel out, making the diode reverse 
voltage nearly zero. But when the 
transformer voltage (V) is negative, the 
two negative voltages (V and Vc) add 
up to twice the peak voltage, or ap- 
proximately 2.83 times the RMS vol- 
tage. Therefore, the absolute mini- 
mum value of PIV rating for the diode 
is 2.83 times the applied RMS. If you 
prefer a 20-percent safety margin (a 
good idea), then make the diode PIV 
rating 3.4 times RMS (or more). 

The problem with the HF SSB rig re- 
ferred to at the beginning of this col- 
umn was that the PIV rating of the 
diodes was too low. The applied RMS 
voltage from the secondary of the 
power transformer in that unit was 
about 540 volts, with the peak voltage 
being approximately 750 volts. Thus, 
the maximum reverse voltage seen by 
those diodes was on the order of 1500 
volts --which is death for a 1000-volt 
PIV diode! The cure, which many 
Amateurs opted to use, was to replace 
each diode in the power supply with 
two diodes connected in series (see 
below). 

using rectifier diodes 
In most cases, especially in low- 

voltage DC power supplies used by 
many electronic circuits, we can get 
away with simply using the diodes as 
shown in the circuits above. In fig. 4, 
however, we see the so-called "prop- 
er" way to use the solid-state diode 
rectifier. The resistor in series with diode 
CR1 (i.e. R,) is used tolimit the forward 
current. Many circuits, especially those 
with capacitor-input filter circuits, ex- 
hibit a surge current at initial turn-on. 
This current can sometimes pop the di- 
ode, so R, is used to limit the possible 
damage. The value of resistance used 
for R, is typically 5 to 20 ohms, with a 
power rating of 2 watts. In most cases, 
however, we can eliminate R, by using 
a diode with a rating larger than the load 
current (for example, the two-times 
rule). 

I 

CRI - 

0 

- 

fig. 3. Simple half-wave rectification pow- 
er supply: (A) Common circuit diagram; 
(B) Diagram redrawn to illustratevoltages 
present across each terminal. 

R ---2-.+gpo 
C I  

0 . 0 0 1  

fig. 4. Properway to usesolid state recti- 
fier. R, limits the surge current ex- 
perienced by the diode. 

Capacitor C1 in fig. 4 is used to by- 
pass high voltage transient spikes 
around the diode. These spikes could 
possibly blow the diode PN junction. 
In fact, high voltage line spikes make 
diodes pop with regularity. Placing the 
capacitor in parallel with the diode will 
eliminate much of that problem. The 
working voltage (WVDC) of the capac- 
itor should be equal to or greater than 
the PIV rating of the diode. 

By using 1000-volt PIV diodes even 
in low-voltage circuits we can eliminate 
much of the damage caused by transi- 
ents. We therefore would not need the 
capacitors. We can also eliminate the 
capacitors if a Metal Oxide Varistor 
(MOW spike suppressor is used across 
the AC supply voltage. 

fig. 6. Preferred method of mounting 
an axial lead rectifier diode above a 
PCB to dissipate heat and prevent 
damage. 

I 

0 

Figure 5 shows a method for using 
several diodes in series to increase the 
PIV rating. Assuming that the PIV rat- 
ings of the diodes are equal, then the 
overall rating is four times the rating 
of one diode. In general, if 1000-volt 
PIV diodes are used the PIV rating in 
the circuit is now 4000 volts. In the HF 
SSB transceiver we replaced the sin- 
gle diode with a pair of diodes con- 
nected exactly as shown in fig. 5. 

The capacitors used in fig. 5 are 
used for exactly the same purpose as 
those in fig. 4. The resistors, however, 
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fig. 5. Method for using several diodes in 
series to increase the overall PIV rating. 
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are needed for a different purpose. 
They equalize the forward voltage drop 
across each diode. A 470-kilohm, 1- 
watt resistor is typically used for 
1000-volt PIV diodes. The wattage rat- 
ing is required not because of the 
power dissipation of the resistors, but 
for the voltage rating - yes, resistors 

1 do have voltage ratings. 
Figure 6 shows the proper method 

for mounting an axial lead rectifier on 
a perf or printed circuit board. This 

, method is used anyplace where no ex- 
cessive vibration is expected; this in- 
cludes most sedentary projects or 
equipment. The space beneath the 
diode body allows air to circulate 
(keeping the diode cooler) and pre- 
vents diode heat from damaging the 
board. 

conclusion 
Although solid-state rectifiers are 

among the most common electronic 
components used by Amateurs, they 
are also among the most common 
causes of failure in homebrew proj- 
ects, repaired equipment, and equip- 
ment that was poorly designed from 
the beginning. By following the rules 
given above, you'll be able to success- 
fully select the correct rectifier - and 
prevent reliability problems that take 
you off the air. 
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Simple modification 
allows HF and VHF 

packet operation 
with one TNC 

using an RTTY terminal unit 
with the Heathkit HD 4040 TNC 

When I first started running packet radio my 
primary mode was 2-meter FM. The TNC (terminal 
node controller) was already set up with the proper 
tone pair for 2-meter operation. I had the appropriate 
radio equipment, and there was a fair amount of oper- 
ating activity in the area. Operating was also very easy: 
I just dialed in the correct frequency on the HT, set 
the volume, and was on the air. 

But soon I began to long for the excitement, chal- 
lenge, and advantages of operating the HF Amateur 
bands. Packet was permitted on HF Amateur bands, 
but at a reduced baud rate and with a different tone 
pair than used on the 2-meter FM. It quickly became 
clear that to run both 2-meter and HF packet with the 
same TNC would require a bit of ingenuity. 

the problem 
When you first build the Heath TNC* it's set up for 

the tone pair used on VHF packet - 1200 Hz and 2200 
Hz. The wide (1 kHz) shift allows for higher baud rates 
and lower error rates than are possible with a narrower 
shift. However, spectrum requirements on the HF 
Amateur bands require the use of a narrower shift, 200 
Hz. The tones currently being used are 1600 Hz and 
1800 Hz. 

Though the on-board modem is very flexible, the 
difference in the tone pairs for the VHF and HF fre- 
quencies is too great for the modem to accommodate 
without changing the DIP headers and recalibrating 
the modem. (The DIP headers are the little cards with 
the resistors and capacitors on them that are plugged 
into the IC sockets.) 

These changes, though easy to perform, do present 

The TAPR-l.AEA, and other clones are very similar lo the Heath TNC. 
The modifications listed here should apply to them as well. 

I 
The wires have been soldered to the DB25connector on one end 
and attached to a 20-pin header plug on the other. The header 
plug has beenthreaded through the holein the back panel.The 
DB25isreadyto bernountedontheback panelandthe header 
inserted into 55. 

a problem: every time you want to go from VHF to 
HF and vice-versa, you have to open the cabinet, 
change the headers, and recalibrate the modem. 
Although this isn't difficult, it's sufficiently trouble- 
some to keep one from readily changing bands. In 
addition, the on-board modem lacks the type of filter- 
ing needed for reliable performance in the HF Amateur 
bands. 

the solution 

I The designers of the Heath TNC included an on- 
board connector (J5) to allow you to use an 

By Gregory P. Latta, AA8V, 438 Eastland 
Avenue, Akron, Ohio 44305 
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fig. 1. RS-232lTTL and TTLIRS-232 level converters use 
readily available ICs~RadioShackI.Topviewof thechips 
is shown. Note that the voltages applied to pins 1 and 14 
of the MC1488 need not beof equal magnitude. Example: 
- 12volts on pin 1 and + 5volts on pin 14 would work just 
fine. (Photo courtesy of Radio Shack.) 

EXTERNAL: modem (or TU) and bypass the on-board 
modem. (Thank you, Heathkit!) If the TNC were inter- 
faced to an external terminal unit (TU), one would 
have the needed filtering, and changing bands would 
be reduced to switching a plug. 

TU requirements 
Certain minimum requirements that a modem 

(RTTY computer interface, terminal unit, etc.) must 
meet for operation with packet radio on the HF bands 
are detailed below: 

.The TU must be able to operate at 200 or 170 Hz shift. 
(The difference between 200 Hz and 170 Hz is small 

.The TU must be able to operate at 300 baud, the rate 
commonly used for HF packet operation. Some 
modems will not operate at 300 baud without modifi- 
cations. Check the specifications of your TU to see 
if it meets this requirement. 

.The TU must have some type of reliable tuning indi- 
cator. (If it doesn't you can devise your own.) A scope 
tuning indicator is fine. Because of the nature of 
packet radio, you cannot "tune until you get the 
print." You must be able to tune in the signal "blind" 
without looking for a print-out. If you can tune in the 
signal with your printer off, then flip on the printer and 
get good copy on RTTY, your tuning indicator is prob- 
ably OK. 

.The TU must have an output that indicates when the 
frequency is busy he., when a Mark or Space is 
present). Packet radio is computer controlled and it 
is necessary for the TNC to be able to tell whether 
someone is using the frequency. 

Some TUs have an RDA (Receive Data Available) 
output. This is ideal. If your TU lacks such an output, 
don't despair. Some have an autostart circuit that may 
be modified to provide the needed output. If your TU 
has no autostart circuit or RDA output, you'll have to 
devise your own carrier detect circuit. (See below.) 

.The TU inputs and outputs must be TTL compati- 
ble. RS-232 inputs and outputs will not work and may 
damage the TNC! If in doubt, measure the voltages 
on the TU output pins under both on-off or mark- 
space conditions. If you ever obtain a negative volt- 
age or a positive voltage greater than 5 volts, chances 

enough that proper operation is not impaired.) Note 
that the actual frequencies used are unimportant! As Completed modifications to the TNC. The DB25 has been 

mountedonthe back panel.and thempin headerplug has been 
long as the difference in frequencies (the shift) is 200 plugged i n t o ~ 5 .  ThejumPerforVHFoperati0n (asshown in fig. 
or 170 Hz, you can use the TU for packet radio. Just 3, but nowwith hood installed) has been plugged into the DB25 
about all RTTY modems meet the 170 Hz requirement. connector and can be seen at the top of the photo. 
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fig. 2. Diagram from the Heathkit manual shows the header plug J5 pinouts. The WD 1935 HDLC chip is to the left of 
J5, but is not shown in the figure (see photo 5as well). Pins 1-20 are connected to pins 1-20 respectively on the back panel 
mounted DB25 connector. (Photo courtesy of Heathkit.) 
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are that the output is RS-232 and should not be used. 
Some of the better units have both TTL and RS-232 
inputs and outputs. Be sure to use those designated 
TTL. 

If you have only RS-232 inputs and outputs you can 
build a simple circuit to convert them to TTL (see fig. 
1). 

TU candidate 

I had been using the Heath HD-3030 RTTY Com- 
puter Interface on both VHF and HF RTTY for some 
time. This unit had a wonderful tuning indicator built 
in and the TU had proven its reliability under noisy con- 
ditions. It could also operate at 300 baud, the rate used 
for HF packet. In addition, the HD-3030 TU had an 
RDA (Receive Data Available) output that could be 
used as a "channel busy" indication. TTY inputs and 
outputs were also available. It met all the requirements 
mentioned above, and thus was an ideal choice for 
use as an external modem. 

modifying the TNC 
Before modifying the TNC, it is strongly recom- 

mended that you first get it working on 2-meter FM 
or some other VHF frequency. This way you can be 
sure that the TNC is operating properly. If you don't 

fig. 3. Wiring of the jumper plug used for VHF operation. 
Phototshows this jumper plugged into the newly installed 
DB25 connector. 

have a VHF radio, find a ham who's running packet 
radio and let him or her hook your TNC into his or her 
system. This will also allow you to gain some familiarity 
with the operation of the TNC. After you're sure that 
the TNC is working properly, you can start the modifi- 
cation. 

You'll need the parts shown in table 1. 
The first step is to make the hole for mounting the 

female DB25 connector on the back panel of the TNC 
in the area marked "caution." (Be sure to remove the 
board while making the hole for the connector.) 
Because it's much easier to solder the ribbon cable 
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Rearview of theTNC after modifications have been complet- 
ed. 53 is the transmitter jack. (See also fig. 5. I 

e r r ,  s E r w  

R I G  R l r l  T U  C O Y P U l E I  
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0 0 0 0 ~ 0 ~  ? 
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I l S C O q P r r )  - AN OUTPUT FWOM THE TNC THE PUSH TO TALK LlNE TO THE TAlNSMlrTER 
LOW MEANS TRlNSMlr  HtOH MEANS RECEIVE 
C I R I I E R  DETECT IN (DCD) - AN ,"PUT I 0  THE TNC LOW INOICA IES THAT In€ CHANNEL IS 
BUS7 
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TERMINAL UNIT 
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OR rERMINAI UNIT 

fig. 5. Diagram and explanation of the important pins on 
the newly mounted connector as viewed from the back 
panel. (See also photo 3.) 

- 
m 

0 

to the connector before it has been mounted, make 
the hole but don't mount the connector yet. After 
you've cut the appropriate mounting holes, re-install 
the board in the cabinet. 

Next, connect the 20-pin header plug to one end the solder lug to the closest available ground. (A cir- 
of the ribbon cable. Be very careful to keep track of cuit board mounting nut is perfect.) Plug the header 
which pin is pin 1 and which is pin 20 (see fig. 2). Now plug into the header at J5, put on the cover, and 
solder the other end of the ribbon cable to the DB25 you're all done! (See photo 2.) 
connector. The wire from pin 1 of the header plug So far, what we've done is to move the modem con- 
should go to pin 1 of the DB25. The wire from pin 2 nector from the circuit board to the back panel. For 
of the header plug should go to pin 2 of the DB25, 
and so on up to pin 20. Be very careful not to get any 
of the wires crossed. Check the cable with an ohm- 
meter when you're done. Finally, connect the solder 
lug to one end of a 3 inch (7.62 cm) wire. Connect 
the other end of the wire to pin 21 of the DB25 con- 
nector. 

Feed the header plug, ribbon cable, and wire with 
solder lug through the mounting hole from the back 
and mount the DB25 connector (photo 1). Connect 

1 U D ) O  TO Y I C I O P M O N E  

AUDlO F P O Y  SPEAKER - 

table 1. Parts needed for modification of the TNC. 

25-pin female DB25 connector 
25-pin male DB25 connector and hood 
No. 6 solder lug 
20-pin connector to fit header J5 
about 9 inches (23 cml of 20-conductor 
ribbon cable 
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fig. 4. Comparison of R l l Y  and packet setups when an external modem is used for packet operation. Clarifies which signals 
are audio and which are digital. Note that the P l T  lines have been omitted for clarity. 
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normal operation, it will be necessary to make a jum- 
per plug to replace the jumpers that were originally 
at J5. To make a jumper plug, take the male DB25 
and solder jumper wires between the following pins: 
1-2, 5-6, 7-8,9-10, 11-12, 13-14, 17-18, 19-20 (see fig. 
3). Put the hood on the connector and plug it into the 
previously installed DB25 connector. 

That's it! A t  this point, you should verify that the 
TNC functions normally on VHF. If it does not, then 
there's a wiring error somewhere and it must be fixed. 

between the TU and TNC 
Even the most experienced ham is likely to be intimi- 

dated by the external modem section of the TNC 
manual, in which each pin ofJ5, the modem connec- 
tor, is described in great detail. Fortunately, however, 
we need concern ourselves with only four of the 20 
pins: two of these pins are used for input, and two 
are used for output from the HDLC chip. Before pro- 
ceeding with the details, a description of these inputs 
and outputs is in order. 

TNC digital inputs and outputs 
When the TNC is operated with an external modem, 

it's important to realize that the inputs and outputs 
are not audio signals, but digital signals. It is the pur- 
pose of the external modem (MODulator- 
DEModulator) to convert the digital signals into an 
audio form that can be used by the radio link, and vice- 
versa. The only difference in using your TU for packet 
instead of RTTY is that instead of hooking it directly 
to your computer, you hook it to the TNC, and it's . 
the TNC that communicates directly with your com- 
puter (see fig. 4). 

There are four lines, besides ground (GND), that 
connect the TU to the TNC. Two go from the TNC 
to the TU, and two go from the TU to the TNC. The 
pin designations are for the DB25 connector installed 
earlier (see fig. 51. Recall that there's a 1:1 correspon- 
dence between pins 1-20 of J5 and pins 1-20 of our 
newly installed connector. 

The two output lines that run from the TNC to the 
TU are labeled "MSCOT" and "TXD." 

MSCOT (PTT) (Pin 5) is an output from the TNC 
to the modem. The name is, unfortunately, a real mis- 
nomer: MSCOT stands for "Miscellaneous Output," 
but this is nothing more than the TNC's PTT (Push- 
To-Talk) line. When the TNC drives this line low, the 
transmitter should be keyed or the TU should go into 
SEND mode. This should be connected to the TU's 
SEND or PTT input. Do not use this pin to directly 
key your transmitter. Doing so coqld damage the TNC. 

TXD (Pin 19) stands for "Transmitted Data." The 
data output of the TNC, will normally be connected 
to the TU's "AFSK INPUT." (AFSK stands for "Audio 
Frequency Shift Keying.") 

b 

+ 5 V  T T L  IN  

HEX INVERTER 

YL IN ] I I <\ 
INVERTED T T L  OUT 

fig. 6. Circuit used for inverting l T L  signals, necessary 
when a TTLsignal on a non-HeathTU is inverted (i.e., when 
RDA is high when itshould below, etc.). The7404isavail- 
able at Radio Shack (part No. 276-1802). Top view of the 
chip. (This circuit, reproduced with permission, original- 
ly appeared in Don Lancaster's TTL Cookbook, published 
by Howard Sams & Co., Inc., 1978.) 

- 
1 

table 2. Connections for the HD-3030 R l T Y  TU. 

TNC pin number Heath TU pin number 
t (DCD) to 1 IRDA) 
5 (PTT) to 9 (SEND-N) 

17 (RXD) to 3 (DMOUT-TTL) 
19 (TXD) to 5 (AFSKIN-TTL) 
21 (Ground) to 21 (Ground) 

The two input lines running from the TU to the TNC 
are labeled "Carrier Detect In" and "RXD." 

CARRIER DETECT IN (Pin 1) - or "DCD" for 
"Data Carrier Detect" - is an input to the TNC that 
tells the TNC when the channel is busy. A low on this 
line indicates that a carrier (mark or space) is present 
and that the TNC should not transmit. This is usually 
connected to the TU's "RDA" (Receive Data Availa- 
ble) output. Note that a low indicates that the chan- 
nel is busy. If your TU's RDA output is high when the 
channel is busy, you'll have to use an inverter circuit 
(see fig. 6).  

If you don't have an RDA output on your TU, you 
may be able to make use of its "autostart circuit" if 
it has one. What you need is a TTL output that's low 
(0 volts) when mark or space is present, and high (3-5 
volts) when mark or space is NOT present. Autostart 
circuits vary greatly, so you're on your own here. 

RXD (Pin 17) is the "Received Data" input to the 
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RS-232 Compatible 

Goodbye to Packet Only Controllers 

PAKRAIT TM 

Model PK-232 

Late last year AEA broke new ground by introducing the first five mode amateur radio computer interface 
with Morse, Baudot, ASCII, AMTOR, and Packet ... the PK-64. Now AEA has another breakthrough .... the PK-232. 

Five Mode Versatility 

The PK-232 makes any RS-232 
compatible computer or terminal 
the complete Amateur digital 
operating position. By using a 
simple terminal program any com- 
puter with a standard RS-232 110 
can connect directly to the PK-232 
and be ready for operation in 
minutes. The internal autobaud 
program allows 300, 1200, 2400, 
4800, and 9600 baud communica- 
tion between the computer and 
the PK-232. All decoding, signal 
processing, and protocol soft- 
ware, for Morse, Baudot, ASCII, 
AMTOR, and Packet, is on ROM in 
the PK-232. The PK-232 is a Z-80A 
based system and has hardware 
HDLC using the Zilog 8530 SCC. 
The internal modem of the PK-232 

An Operators Dream 
With twenty-one front panel in- 

dicators it's easy to monitor 
operation. Separate indicators 
show operating mode, current 
operating status, and data carrier 
detect. A front panel switch 
allows selection of two separate 
radio connectors, no more swit- 
ching cables when jumping from 
HF to VHF. The front panel 
threshold control adjusts squelch 
for both HF and VHF. The AEA 
standard discriminator style tun- 
ing indicator makes tuning easy in 
any mode and on any band. 

Serious VH FIH FlCW Modem 

The PK-232 also includes a no 
compromise VH FIH FlCW modem 
with an eight pole bandpass filter 
followed by a limiter discriminator 
with automatic threshold correc- 
tion. Once the operating mode is 
selected the modem automatical- 
ly selects the proper bandwidth, 
200 hz for CW, 450 Hz for HF, or 
2600 Hz for VHF. Transmitter 
tones are low distortion sine wave 
phase continuious AFSK. The 
PK-232 will receive wide shift RT- 
TY signals, but only transmits 200 
Hz shift on HF. 

can transmit Packet at baud rates 
of 300 and 1200, with the option of 
using an external modem for 2400, 
4800, and 9600 baud. 

Prices and specifications subject to 
change without notice or obligation 

AEA Quality and Price 
All this plus the high quality you expect from AEA. An easy to read 

and understand manual, most cables and connectors included, and a 
service department to answer your questions. The PK-232 is the one 
unit that does it all with your IBM, Apple, Radio Shack, or almost any 
computer. With an Amateur Net price of $319.95 you can't wait any 

AEA 
Brings you the 

longer. Call your local AEA dealer and order the new PK-232 today. Breakthrough! 
0 ,986 
"111.1< 1111111 1.1>1 1 .,,ill ,,IO*, 81, 

Advanced Electronic Applications, Inc. 
P.O. Box C-2160, Lynnwood, WA 98036-0918 (206) 775-7373 Telex 6972496 AEA INTL UW 



packet radio. The result is that the data can be "right 
side up" or "upside down." It will work either way! 

The connections given below are for the HD-3030 
RTTY TU. If you plan on using a different TU, you'll 
have to work out the connections based on the infor- 
mation given above. 

You'll need two 25-pin DB25 male connectors and 
hoods and a length of 4-conductor (plus ground) cable 
long enough to  run from the TU to the TNC. Keep 
it as short as possible. Shielded cable is preferred. 
Make the connections shown in table 2. 

It will also be necessary to solder jumpers between 
the following pins on the TNC connector: 7-8, 9-10, 
11-12, 13-14. Note: these jumpers should be installed 
no matter what TU you use (see fig. 7). 

That's all there is to it, (although you must, of 
course, also make the appropriate connections to the 
transmitter and receiver as you did for RTTY opera- 
tion). Use a label maker to label the connectors so you 
can keep track of which goes to the TNC and which 
to the TU. 

Closeupof J5with20-pin header plug installed. (Seealso fig. 21 

modifications to the TU 

Closeup of J5. The WD-1935 HDLC clip is seen to the left of J5. 
(See also fig. 2.1 

TNC. After your TU has decoded the audio tones and 
converted them back into a digital signal, that signal 
is applied to this input. This normally goes to your TU's 
"DMOUT" (DeModulator OUTput) pin. 

These four lines, in addition to a ground lead, are 
all that's needed to  connect the TNC to your TU! 

By the way, don't worry if the data lines "TXD" and 
"RXD" might be inverted or "upside down." It's the 
TRANSISTIONS from mark to space that count in 

The modifications to the Heath TU are minimal. The 
time constant of the RDA circuit is much too long for 
packet operation. To reduce the time constant to a 
value suitable for both RlTY and packet, replace capa- 
citor C29 (a 4.7 pF electrolytic) with a 0.047 pF capa- 
citor. If you don't plan to use the TU with RTTY, then 
a value of 0.01 pF is more suitable. Some readjustment 
of the RDA threshold may also be necessary, as 
explained below. 

making it work 
If you're still with me and have performed all the 

necessary modifications (there really aren't that many), 
you should be ready to start operating. Unplug the 
jumper from the back of the TNC and connect the 
previously prepared cable from the TU to the TNC. 
Make the appropriate connections between the TU 
and your radio, and between your computer and the 
TNC. 

The various settings of the TNC can make or break 
the performance of your packet system. I recommend 
the following settings as a starting point: 

PACLEN 60 
HBAUD 300 
AXD 6 
DWAlT 0 
TX D 1 
FRACK 6 
MAXFRAME 1 
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The time settings AXD, DWAIT, and TXD will give 
adequate key-up delay while minimizing the delay in 
transmitting once the channel clears. The parameters 
PACLEN, FRACK, and MAXFRAME are set to mini- 
mize the lengths of packets and transmitter "on" time. 
This results in fewer retries and increased throughput 
on the frequency. You can, of course, experiment with 
all of the settings except HBAUD, which must be set 
to 300. 

NOTE: There's a bug in the resident TNC software 
(Version 3.2). The TNC won't properly receive packets 
at 300 baud until i t has sent a packet or done a CW 
identification. Also, on powerup, you may get an 
"HDLC Can't Init" error. Don't worry. This is also eas- 
ily solved by making the TNC identify. Therefore, after 
setting HBAUD to 300, or after powerup, enter ID 
<RETURN > . This will cause the TNC to identify and 
initialize the HDLC chip so that you can receive 
packets. 

It's best to gain some listening experience before 
jumping into your first QSO. Tuning is critical, and 
there's no point trying to transmit packets unless you 
can receive them. 

Make sure that you've enabled all of the TNC moni- 

JUMPERS 

H D - 4 0 4 0 - T N C  

tor functions: ( M  ON, MALL ON, MCON ON, MFROM 
ALL, MTO ALL, MAX FRAME 1). Next, set your 
receiver bandwidth to approximately 1 kHz. (After 
receiving packets you may be able to use a narrower 
bandpass, but in some receivers 400 Hz to 500 Hz is 
too narrow for proper operation.) Tune your receiver 
to one of the HF packet frequencies currently in use: 
7.097, 14.103, 14.105, or 14.107 MHz. The latter is a 
good choice to start with because it's usually active 
at all times of the day, and signals are usually fairly 
strong. 

Packet signals make a very distinctive whirring 
noise. But you must tune quickly, because individual 
packets don't last long. Tune as if you were tuning 
in an RTTY station, but note that the packet will not 
be displayed until all of it has been received. (This is 
why you must be able to tune "blind.") Also, if there 
are any errors in the packet, it won't be displayed. 
After a little practice you'll get the hang of it, and 
packets will be flying across your screen! 

Transmitting is no problem, although you may find 
that the TNC waits a long time before transmitting the 
packet. These long waits (sometimes almost forever) 
are caused by the TNC's "thinking" that the channel 
is busy when it really isn't. This usually indicates that 
the signal on the "Carrier Detect" or DCD input is 
hanging on too long. With the Heath TU, this means 
that the RDA (Receive Data Available) indicator is 
hanging on too long. To keep this from happening, 
reduce the receive audio to the minimum needed to 
trip the RDA circuit. Also adjust the RDA threshold 
so that the circuit trips at the highest allowed audio 
level. These settings will cause the RDA light to go 
off as quickly as possible once the frequency is clear. 

Other TUs may also exhibit the same problem. The 
cure is to simply find a way to reduce the time cons- 
tant of the circuit driving the "Carrier Detect" or 
"DCD" input of the TNC to a suitably low value. If 
the time constant is too long, the TNC will think the 
frequency is always busy and never initiate a trans- 
mission. 

SEND-N 

(PT T I  

co:~clusion 
This TNC-RTTY TU combination has been in use 

for almost a year with good results. Switching be- 
tween HF and VHF operation is very easy, since all 
one need do is remove the jumper on the back of the 
TNC and plug in the TU. 

I hope that the information given here will enable 
many people to get in on the fun of HF packet radio. 
The interfacing information under "Digital Inputs and 
Outputs" should also be useful to those VHF opera- 
tors who want to try using very high speed modems 
or some of the exotic modulation techniques that are 
permitted on the VHF bands. 

ham radio 
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fig. 7. Connections between the Heath HD-4040TNC and 
the Heath HD-3030 R l T Y  TU. Both connectorsareshown 
as viewed from the back of the corresponding unit. 
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Factory Tested 
Completely Assembled 
Completely Weathe 
Also Available Soor 
Pov ivider 
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SPECIFICATIONS 

Electrical Mechanical 
.................... Band Width ............ .1260-1300 MHz Beam Length .12' 4" 

.................... Gain.. ............................ 18.2 Element Length 4.5" 
.......................... VSWR ............... Better than 1.5 to 1 Mast 2"  O.D. 

...................... Feed Imp.. ................... .50 Ohms Windload I sq. ft. 
. . ................. Balun .4:1 Rigid Coax 
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microwave and 
millimeter wave 
propagation: part 2 
Last month's column, an introduc- 
tion to microwave and millimeter-wave 
propagation, provided tables of fre- 
quency allocations and DX records es- 
tablished on these frequencies.' It 
stressed that at present, the primary 
mode of propagation on these fre- 
quencies is line-of-sight (LOS). 

It was further noted that the appar- 
ent attenuation of an RF signal be- 
tween two stations is more of a phys- 
ical phenomenon than an electrical 
parameter. This is because of the de- 
crease in the wavelength or size of a 
dipole antenna and hence its capture 
area. Therefore, if transmitter power, 
receiver sensitivity, and the size of the 
antenna are kept constant, the signal- 
to-noise ratio will actually increase as 
you go higher in frequency! This ap- 
parent "path loss" can be calculated 
using the equations and graph found 
in reference 1. 

Ironically, the same propagation 
modes that serve as media for DX are 
the bane of commercial microwave 
users because they can induce path 
disruptions, outages, or interference. 
These modes - which microwave 
users often call "non-standard" or 
"anomalous" propagation - are the 
very ones that Amateurs are interest- 
ed in exploiting for DX purposes. 

tropospheric propagation 
LOS propagation assumes that both 

stations can "see" each other. But this 
would be true only if you were operat- 

ing in a complete vacuum, where the 
speed of light is constant. In the 
Earth's atmosphere, the presence of 
atmospheric gases and water mole- 
cules causes radio waves to travel 
more slowly. 

In a standard atmosphere, the baro- 
metric pressure, temperature, and 
water vapor content all decrease line- 
arly as altitude increases. Atmospher- 
ic density - the combination of these 
properties - also decreases with alti- 
tude. When microwave or millimeter- 
wave signals pass from dense air to 
thinner air, they undergo a change in 
direction proportional to the difference 
in density; this happens because the 
portion of the wavefront that enters 
the thinner air layer first begins to trav- 
el faster than the portion still in the 
dense air. 

The result is a bending or refraction 
towards the denser air, which causes 
the signals to follow the contour of the 
Earth. Hence under normal weather 
conditions you can usually work about 
25 to 50 percent further than the LOS 
path. If there's an extreme drop in at- 
mospheric pressure with increasing al- 
titude, anomalous or possibly extend- 
ed propagation may occur; Amateurs 
often refer to this phenomenon as a 
"tropo" opening. 

The amount of bending, known as 
the refractive index gradient, is more 
frequently referred to as the Earth's 
radius factor, or K. During standard at- 
mospheric conditions, K will be 1.2 for 
dry elevated areas and 1.33 for inland 
areas. What this means is that under 
normal conditions, the typical path dis- 

tance is 1.2 to 1.33 times the LOS 
distance. 

However, K may reach 2 or 3 in hu- 
mid coastal areas, which explains why 
coastal stations often enjoy improved 
propagation, especially over water. If 
an abnormal weather condition is pre- 
sent, the K index may go below 1 or 
even negative. If this happens, the 
path may become trapped or com- 
pletely blocked, greatly attenuating the 
signals on a given path. 

tropo bending and 
super-refraction 

One of the most widely used DX 
propagation modes employed on the 
microwave and millimeter-wave fre- 
quencies is tropo bending. This often 
happens when the refractive index, K, 
goes positive beyond a value of 2. 

If K gets very large, super-refraction 
takes place and microwave and milli- 
meter-wave signals travel relatively un- 
attenuated. They follow the curvature 
of the Earth for considerable distances 
until they reach a point where the K 
index drops back to normal. Methods 
of calculating the refractive index are 
discussed in references 2 and 3. 

A rise in the K index results from 
changes in the atmosphere that result 
from abnormal weather conditions. 
For example, cool air passes over a 
warm body of water, causing evapo- 
ration of the water and a subsequent 
temperature inversion. Or a cold front 
may pass over an area of warm, sta- 
ble weather, causing a marked 
decrease in total moisture content as 
altitude increases. 
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fig. 1. These graphs are examples of the standard atmosphere and typical ducts. (A) Temperature versus altitude graph 
of the "Standard Atmosphere." Temperature decreases approximately 2.5 degrees F per 1000 feet (1.0 degree C per 220 
meters). (B) Typical evaporation duct that often happens over warm bodies of water is caused by a temperature inversion 
near the surface. "D" is the duct height. IC) Elevated duct. (D) Elevated duct that has i ts lower limits right a t  the surface. 
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These conditions typically occur be- 
tween late spring and fall, but can hap- 
pen at any time of the year. Openings 
also tend to be more pronounced in 
the evenings and around sunrise. They 
occur less frequently around noon, 
when the sun tends to warm the lay- 
ers more uniformly. 

In the southern portions of the con- 
tinental United States, especially near 
the Gulf of Mexico, tropo openings be- 
gin in the late winter and continue 
through the spring. Optimum DX con- 
ditions across the Pacific between the 
west coast of the continental United 
States and Hawaii tend to peak in the 
summer. In the regions north and east 
of the Mississippi River, the longest 
overland DX via tropo bending tends 
to peak in the late summer and early 
fall. 

At colder temperatures, €he contri- 
bution of water vapor to refractivity is 
small because the saturated vapor 
pressure is low. However, at higher 
temperatures, humidity plays an in- 
creasingly important role in refraction. 
Therefore, refraction changes are least 
expected at northern latitudes but can 
be severe in hot, moist climates, espe- 
cially in the equatorial regions. 

The best DX conditions occur when 
the weather has been warm with high 
barometric pressure typically above 
30.3 inches, and especially when a 
high pressure region is stalled or mov- 
ing slowly across an area.4e5 Then, if 
a weather front approaches, the high 
will move away, the barometric pres- 
sure will fall, and an opening may oc- 
cur even if the barometer drops lower 
than 30 inches. I've noticed, by the 
way, that the best contacts take place 
between stations that have similar bar- 
ometric pressure. 

ducting 
When the K index gets very high, a 

duct may form near the surface of the 
earth. These ducts act like a wave-. 
guide and propagate signals with ex-. 
tremely low attenuation. The height of 
the duct determines the range of fre-. 
quencies that will propagate best with- 
in the duct. 

Figure 1A shows the so-called 

"standard atmosphere." Note that 
temperature decreases at a uniform 
rate with increasing altitude. For com- 
parison, temperature typically drops 
about 2.5 degrees F per 1000 feet. 

Figure 1 B shows the typical atmos- 
phere when a temperature inversion is 
present. If the bend is sharp enough, 
a duct will form. This condition typi- 
cally occurs over warm bodies of water 
and is caused by temperature inversion 
near the surface of the water. Signals 
present below the duct will be slightly 
attenuated. However, if you're above 
the duct, as you might be during hill- 
top or mountaintop operation, your 
signal will undergo severe attenuation 
towards the duct and you may find 
communications to be impossible - 
although others in the duct may be ex- 
periencing good conditions. 

Figure 1C shows a typical profile for 
an elevated duct. In this case, elevat- 
ed or mountaintop stations at the 
proper elevation will experience little or 
no signal attenuation. Those above or 
below the duct will experience severe 
attenuation. This profile is very typical 
of the ducting that occurs between 
California and Hawaii at the Hawaiian 
end. It was carefully measured in the 
late 1950s by U.S. Navy planes flying 
at various altitudes near the Hawaiian 
Islands while monitoring beacons from 
the California coast. 

In the mid-1970s several Amateurs 
observed this characteristic by driving 
up and down the side of Mauna Loa 
on the island of Hawaii. This is one of 
the reasons that propagation beacons 
are now located just over 8000 feet 
above sea level on the side of Mauna 
Loa. An elevated duct could drop over 
the path and actually touch the surface 
as shown on fig. ID .  This is probably 
the typical situation at the California 
end of the trans-Pacific tropo records. 

During the ARRL VHF contest in 
September, 1984, there was strong 
evidence to suggest that an elevated 
duct was the cause of the long dis- 
tance covered. Jim Stewart, 
WA4MV1, decided to test the theory 
by flying a private aircraft at various al- 
titudes on the southern end of the 
openings (in western South Carolina, 

in grid square EM-84). He monitored 
the 432.1-MHz signal of W2SZl1, lo- 
cated on Mount Greylock in western 
Massachusetts at about 3500 feet 
above sea level. 

The elevated temperature data he 
took, shown in fig. 2, is unmistakably 
that of elevated ducting. Signals were 
strongest between 6000 and 8500 feet 
above sea level. Signals were very 
weak above 9500 feet and barely read- 
able above 10,000 feet. Signals de- 
creased slowly below 4000 feet. 
Ironically, the wind speed in the duct 
was 40 to 45 knots from the east, but 
30 knots from the west above the 
duct! Hurricane Diana was located just 
off the northeast coast of Florida at the 
time. 

Unlike a metal waveguide, a duct 
doesn't have a sharp cutoff frequen- 
cy. It has a rather slow transition from 
good trapping (low leakage) to poor 
trapping (high leakage). The cutoff fre- 
quency of a duct is the lowest frequen- 
cy that will support propagation. 

Generally speaking, the duct im- 
proves as the frequency is increased 
until the walls of the duct become too 
irregular for propagation. Furthermore, 
the cutoff frequency of a surface duct 
is lower than that of an elevated duct.= 

Duct heights of 150 to 1500 feet are 
most common and seem to be opti- 
mum for frequencies of 50 MHz 
through 1500 M H z ~ , ~ .  Thinner ducts 
that favor the microwave frequencies 
are present but are harder to use be- 
cause of their narrow height. The Eur- 
opeans have been exploiting these 
narrower ducts for years by operating 
on beaches and near large bodies of 
water during the times of the year 
when these conditions are most likely 
to occur. By moving your station and 
antenna height around, an optimum 
location can be found - if ducts are 
present. 

scattering 
Many types of scatter propagation 

are especially useful on the microwave 
frequencies but often overlooked by 
Amateurs. These include, but are not 
limited to, aurora, tropospheric scat- 
ter, aircraft scatter, rain scatter, light- 
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ning scatter, knife-edge diffraction or 
obstacle gain, and scatter from tall or 
large objects. 

Generally speaking, scatter modes 
are much more lossy than tropospheric 
propagation but provide a means to 
communicate when the normal modes 
of propagation aren't available. Thus 
they can provide moderate to long DX 
more regularly when properly under- 
stood and exploited. Because they're 
more lossy, use better equipment such 
as higher power and greater antenna 
gain (more on this later). 

Aurora. This mode of scatter propa- 
gation has been widely exploited on 
the frequencies below 450 
Table 4 in reference 5 lists recent 
records, although all of them were ex- 
ceeded in the February 8, 1986 aurora. 
Professional studies have shown that 
auroral scatter is usable up through the 

13-cm (2450-MHz) band, but I've never 
heard of any successful Amateur au- 
rora QSOs above 450 MHz. 

One of the problems with auroral 
propagation is frequency spread. AS 
you go higher in frequency, signals are 
spread out over a wider bandwidth, so 
wide bandwidth (2 kHz minimum) re- 
ceivers are desired. Aurora signals on 
the UHF bands usually sound as if the 
background noise level is being keyed 
to a higher level. Therefore, the receiv- 
ed SNR is reduced. 

Although this can be offset by using 
higher gain antennas, doing so also 
has its drawbacks. The higher the fre- 
quency, the narrower the "hot spot." 
Hence it will be more difficult to locate 
the optimum reflection point. Add this 
to the difference in geometry with the 
station to be worked and you have 
some fairly tight windows to match. 

One of the parameters most over- 

looked by Amateurs operating auroral 
scatter is doppler shift. During the 
auroral opening on February 8, 1986, 
doppler shifts of up to 4 kHz were ob- 
served at 432 MHz. This is clearly out 
of the tuning range of the RIT on many 
modern transceivers! Needless to say, 
there was much QRM and many in- 
complete QSOs. 

To work aurora on the microwave 
bands, look for a high MUF. This us- 
ually happens in the early portion of 
the opening, especially when radio sta- 
tion WWV is broadcasting a K index 
of 5 or higher. Other operating tips for 
detecting aurora are described in de- 
tail in references 4 and 5. 

Because of the difficulty of proper- 
ly aiming your antenna, time-sequenc- 
ed schedules with stations on or within 
a few degrees of your latitude are 
recommended. The higher the power, 
the better - up to the legal limit - 
with a moderate (20 dBi maximum) an- 
tenna gain to maximize the chances of 
hitting the hot spot. Keep your trans- 
mitter frequency fixed and listen up to 
+20 kHz! Let me know if you com- 
plete a QSO above 450 MHz so we can 
get you into the record book. 

Tropospheric scatter. This mode of 
propagation, widely used in the com- 
mercial and government sectors, is 
often referred to as troposcatter. Huge 
billboard-type antennas are often used 
with high power for very high reliabili- 
ty communications over reasonable 
distances (120 to 620 miles) in the 400 
to 5000-MHz frequency range. Even 
wideband systems such as multiplexed 
telephone links are used. 

The principle of troposcatter is quite 
straightforward. There are numerous 
dust particles, clouds, and refractive 
index changes in the troposphere 
(1000 to 5000 feet above sea level) that 
can reflect or scatter microwave sig- 
nals. If two stations want to commu- 
nicate, all they have to do is to aim 
their antennas at a common volume or 
scattering spot as shown in fig. 3. 
Amateur troposcatter communications 
on frequencies even as high as 3 cm 
(10 GHz) have been successful, even 
with moderate (10 watts) power levels! 
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For best results the beamwidth of 
the antenna should be moderate (at 
least a few degrees) because too nar- 
row a beamwidth will miss some of the 
returns from the scattering volume. 
Ideally, both stations should use ap- 
proximately the same beamwidth. An- 
tenna elevation angles should be high- 
er for shorter distances and lower (1 
to 2 degrees) for longer distances. For 
best results there should be a clear 
horizon because any obstructions will 
severely attenuate the signals. 

Troposcatter can be quite reliable 
and yield good DX, especially on the 
microwave bands, but is seldom men- 
tioned by Amateurs. The path loss is 
roughly equivalent to EME operation 
for the longer distances just men- 
tioned. New low-noise GaAs FETs and 
recent developments in higher solid- 
state power amplifiers make antenna- 
mounted gear useful in decreasing 
feedline losses. Further information on 
troposcatter communications can be 
found in reference 7. 

Aircraft scatter. References 4 and 5 
mentioned the tremendous possibilities 
for QSOs using aircraft scatter out to 
500 miles. As the frequency increases, 
so does the effectiveness of the scat- 
tering medium - i.e., the aircraft. 
Hence there are many possibilities for 
moderate microwave DX, especially if 
you .live on a path where there are fre- 
quent flights, especially at higher alti- 
tudes such as in the midwest. 

Communicating via aircraft scatter 
does require timing and patience. Be- 
cause most aircraft travel at sufficien1:ly 
high speeds, there will also usually be 
doppler shift. I have seen shifts ap- 
proaching 1 kHz at 2304 MHz. 

One other caution: aircraft are s1:ill 
quite usable even after they move off 
the direct path, but only if you and the 
station being worked both follow the 
aircraft by moving your antenna posi- 
tions accordingly. I've observed azi- 
muth changes up to 5 degrees at '13 
cm; these can be catastrophic if high 
gain antennas are used. This micro- 
wave propagation mode represents an 
exciting possibililty for year-round 
communications. 

fig. 3. Geometry involved for conducting troposcatter communications. "H" is the 
height of the scattering medium and "D" is the Great Circle distance between the sta- 
tions. 

Lightning scatter. The possibilities of 
lightning scatter QSOs were described 
in reference 4. To my knowledge, this 
mode has been exploited only through 
450 MHz, but should be usable 
through the microwave frequencies. 

As described in reference 4, both 
stations should aim at the storm cen- 
ter. In this respect, communication will 
be sort of a cross between aurora and 
meteor burst because it will occur in 
bursts that coincide with the lightning 
itself. Hence communications may be 
erratic and doppler shift will be quite 
evident. 

Although this mode of propagation 
has received very little attention, it 
should yield exciting opportunities for 
stations located in regions where light- 
ning is quite prevalent, such as in the 
Gulf states and in the Rocky Moun- 
tains. 

Rain scatter. This mode of propaga- 
tion was only recently discovered in 
the UK.4 Amateurs aiming their anten- 
nas in the direction of a severe rain 
storm noticed scatter communications 
over paths where normal communica- 
tions were not possible. 

Best results have been on 3 cm. In 
some cases one of the two stations in- 
volved was aiming straight up as a 
storm cell passed overhead. This mode 
should be possible at 5.6 GHz, but 
tests are inconclusive. 

Millimeter propagation via rain scat- 
ter will probably not be possible, for 
reasons to be explained shortly. While 
this isn't a propagation mode for those 
using Gunnplexers, it should be quite 
exciting for well-equipped stations us- 
ing narrowband communications gear. 
Stations with obstructed paths - and 
especially stations not situated at high 
locations - are particularly favored, 
especially if they can elevate their an- 
tennas. 

obstacle gain 
We often think that obstacles such 

as hills or mountain tops are impossi- 
ble barriers to microwave and milli- 
meter-wave signals, but this isn't true. 
Experiments have shown that if the 
peak on a mountain or hill is reason- 
ably sharp, it can reradiate signals in 
a propagation mode called "knife edge 
diffractionH4. 

Commercial microwave communi- 
cations stations have used this mode 
for many years. The sharper the peak 
and the closer it is to one end of the 
path, the more efficient it will be for 
diffraction. This is an ideal setup for 
stations located in valleys or those hav- 
ing obstacles that would limit LOS pro- 
pagation. 

Tall buildings, structures, hills, and 
mountains can also be used to scatter 
microwave and millimeter-wave sig- 
nals. If no LOS path is available, but 
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a tall structure or hill is present, both 
stations should aim at the structure or 
hill and scatter their signals that way. 
23 cm and up seem to be ideal for this 
mode. 

EME communications 
This is another form of scatter com- 

munications. The path loss is typical- 
ly 275 dB at 1296 MHz and proportion- 
ally higher as you go up in frequency. 
The background or sky noise tempera- 
ture above 900 MHz is very low. A 
good low-noise parabolic dish, 12 to 15 
feet in diameter, with a low-noise 
GaAs FET preamplifier and 100 watts, 
is more than sufficient to produce 
echoes at 1296 MHz and above. Fur- 
thermore, if the antenna size is kept 
constant, the signal strength will ac- 
tually increase as you go higher in fre- 
quency! 

The highest reported Amateur QSO 
via EME is at 2320 MHz. There are no 
reports yet in the new 33-cm band. 
The possibilities of EME are endless 
because there are typically 8 to 11 
hours of moon-time every day of the 
year. 

EME communications also yields a 
platform for testing new antennas, 
preamplifiers, and transmitters; you're 
able to listen to your improvements 2.5 
seconds later! No more wondering if 
your gear is functional or if the band 
is open but no one's there. You know 
that path is open! EME offers a great 
challenge and is within Amateur capa- 
bilities a t  least through 3 cm! 

millimeter-wave propa- 
gation 

So far, most of the propagation 
modes mentioned apply mainly to 
microwaves. Millimeter-wave - or the 
world above 3 cm - is definitely more 
challenging than the microwave fre- 
quencies. Tropospheric and some of 
the scatter modes of propagation are 
available but more difficult to explore 
fully. With the millimeter-wave gear 
presently available, most operation de- 
pends upon LOS propagation. 

But it won't always be easy. Why? 
Because as you go above 20 GHz, you 
approach the resonance frequencies of 
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water and oxygen. As a result, there 
may be unexpected attenuation due to 
absorption, especially on certain fre- 
quencies, some of which are in or near 
our Amateur bands. 

Furthermore, fog and rain have a 
pronounced effect on millimeter-wave 
band performance. Two things must 
be remembered for improving milli- 
meter-wave operation: first, for great- 
est distances, operate on a day when 
the humidity is low. This probably 
means the late fall or even winter - 
definitely not the time of year during 
which you'd normally expect to set DX 
records. Second, as you go higher in 
altitude, absorption attenuation and 
humidity usually drop, so mountain- 
topping is highly recommended. 

Figure 4 is useful for determining 
the additional path loss due to water 
and oxygen absorption. Note that the 
additional path loss is not only a func- 
tion of frequency but also of path 

length. Therefore, in order to deter- 
mine the nominal loss on a millimeter- 
wave path, you have to first determine 
the normal LOS path loss using eqns 
1 and 2 or fig. 1 in reference 1 and 
then add this to the loss attributable 
to oxygen and water absorption. 

For example, let's assume that 
you're calculating the LOS path loss 
for a 20-mile link on 24 GHz. Using 
reference 1, the nominal path loss is 
approximately 151 dB. Figure 4 shows 
that the additional loss due to absorp- 
tion is approximately 0.32 dB per mile 
because of the proximity of water 
resonance (frequency). So the addi- 
tional attenuation is 6.4 dB for a total 
LOS path loss of approximately 157.4 
dB. As a rule of thumb, the absorption 
attenuation will be about one-tenth the 
sea level value shown in fig. 4 at 
30,000 feet elevation. Anyone for try- 
ing Mount Everest? 

The absorption losses at 48 GHz are 
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about the same as at 24 GHz, although 
the LOS path loss is 6 dB higher. 
However, on our new 4-mm (76 GHz) 
band the absorption losses would be 
about 5 times higher! This is true be- 
cause the latter band is close to the 
resonance frequency of oxygen. 

The 75 GHz band, then, is a real 
challenge to Amateurs. Late-breaking 
news is that the first known Amateur 
QSO on 75 GHz took place on Decem- 
ber 30, 1985, between HBSAGE and 
HB9MIN at a distance of 0.3 miles. 
Congratulations! 

passive reflectors 
Special reflectors can be used to 

great advantage on the upper micro- 
wave and millimeter-wave bands. They 
can scatter signals in a manner similar 
to that of obstacle gain just discussed. 

However, while mountains can't be 
easily moved, passive reflectors can be 
optimized because the direction can 
usually be controlled. One type of 
reflector, often called a "billboard," is 
commonly used in the commercial 
community in situations in which 
mountains or hills must be spanned 
but the equipment can't be mounted 
high enough. As with knife-edge dif- 
fraction, the optimum solution is to 
mount the reflector closer to one sta- 
tion rather than at or near the middle 
of the path. 

A special variation of the passive 
reflector popular among European 
Amateurs is the "flyswatter" or "peri- 
scope" antenna.a.9.'o Often used on 3 
cm and above, its active equipment is 
mounted near the ground. Its power 
is radiated from a horn or small para- 
bolic dish antenna aimed directly at a 
large reflecting surface placed at a 
45-degree angle between 50 and 100 
feet above this radiator. The reflective 
surface reradiates most of the RF inthe 
desired direction. This antenna config- 
uration is particularly recommended 
for stations that would normally re- 
quire long runs of transmission line. 

repeaters 
Although this particular column ad- 

dresses weak-signal work, I would be 
remiss if I didn't at least mention ac- 

tive repeaters. Let's face it: FM repeat- 
ers are everywhere. For technical 
reasons, it's often desirable to separate 
the receiver and transmitter by a good 
distance, so there's the need for a link 
between the two sites. 

Low-power links are usually all that's 
required to connect the repeater re- 
ceiver and transmitter. Microwave 
links, even those as simple as Gunn- 
plexers, are ideal for this type of com- 
munications. So when you access a 
2-meter FM repeater, you may be us- 
ing the microwave bands without even 
knowing it! 

major obstacles to 
communications 

So far I've been stressing the posi- 
tive possibilities of microwave and 
millimeter-wave propagation. But to 
be honest, communication on the 
microwave and millimeter-wave fre- 
quencies has its shortcomings - but 
these are usually a challenge to the en- 
terprising Amateur. 

Ice, rain, and fog surely present 
problems, especially on the millimeter- 
wave bands as just discussed. Try to 
work around them by choosing clear, 
dry weather or by operating from a 
high location when attempting new 
DX records. 

Foliage attenuation - even that 
caused by evergreens - can totally 
disrupt a microwave path. In fact, the 
additional attenuation from deciduous 
and evergreen foliage can even be no- 
ticed at as low as 2 meters! On 23 cm 
and above, pine needles act like reradi- 
ating dipoles that significantly increase 
the attenuation on a particular path. 
Operation in the winter is no real cure- 
all, either, since most of the good tro- 
po types of propagation aren't preva- 
lent at this time of year. Recently 
there's been a lot of interest in foliage 
attenuation, especially in mobile com- 
munications and on the microwave 
bands. In fact, some typical data is just 
beginning to be correlated. It's been 
suggested that between 200 MHz and 
95 GHz, attenuation can be calculat- 
ed - if the depth of a grove of trees 
to be penetrated is less than 1200' feet 
- using the following equation: 

where L is loss in dB, f is frequency 
in MHz, and D is depth of the grove 
expressed in meters. The CClR Study 
Group recommends a more simplified 
equation: 

For example, using a scientific cal- 
culator, the attenuation through a 10- 
meter grove of trees at 1 GHz would 
be about 5.15 dB using eqn 1 and 6.32 
dB using eqn 2. Although there are 
differences, this may be the first time 
that Amateurs may be able to quanti- 
tatively determine the destructive ef- 
fects of foliage attenuation. 

Before leaving the subject of obsta- 
cles to propagation, it may be ap- 
propriate to again review the subject 
of antenna height. I've pointed out 
many times that the maximum height 
for Amateur antennas on VHF and 
above should be 2 to 3 wavelengths, 
or just above any local obstructions, 
whichever is higher. 

This factor is particularly true as fre- 
quency increases. A taller tower re- 
quires a longer transmission line that 
can often increase attenuation at a 
faster rate than the increased gain at- 
tributable to greater antenna height. 
The overall loss of transmitter power 
is important, but the loss in the re- 
ceived signal is often more important, 
since the noise levels are usually so low 
above 1 G H z .  

summary 
This two-part series was prepared to 

give an overall view of microwave and 
millimeter-wave radio propagation and 
how to best exploit DXing on those 
bands. Many of the typical propaga- 
tion modes - and some of the lesser 
known ones - were discussed. Light 
waves were not discussed because 
they're a subject in themselves. 

Because the majority of radio propa- 
gation conditions that facilitate DX 
operation are called "anomalous" or 
"disruptive" by commercial and gov- 
ernment users, most research has 
been done from a negative point of 
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view. It is up to Amateurs to see the 
positive side of this data. 

Many of the references used in prep- 
aration of this column weren't detailed 
because they are cited in the referen- 
ces listed, particularly in references 4 
and 5. 

acknowledgements 
I'd like to thank Jim Stewart, 

WA4MV1, for sharing his meteorolgi- 
cal data on the now-famous east-coast 
tropo duct of September, 1984. 

See you soon on the microwave and 
millimeter-wave bands! 
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how to plot great circles 
on your favorite map 

Bearings at a glance 
for the Amateur DXer 

Many active hams can recall the tremendous 
activity of the FCC in the years just before and during 
World War 11. At the time, the authors were engineers 
engaged in developing a system for intercepting 
unauthorized, possibly subversive, radio transmissions 
and attempting to determine their source. These activi- 
ties were part of the wartime mission of the FCC's 
Radio Intelligence Division (RID), under the direction 
of George E. Sterling, WIAE, and the late Charles A. 
Ellert, W3LO. Even before the United States entered 
the war, RID had developed a nationwide system of 
monitoring and direction finding for these purposes. 

Shortly after the bombing of Pearl Harbor, the mili- 
tary requested that the FCC assume responsibility for 
radio security of the Territory of Hawaii. It also asked 
that a direction-finding system be established to pro- 
vide navigational information for lost military aircraft 
flying over the Pacific Ocean, generally from the west 
coast to Hawaii. Six Adcock DF stations were located 
at strategic sites on Oahu, Kauai, Maui, Molokai, and 
the "big island," Hawaii. These stations maintained 
two-way radio communication with the Radio Secu- 
rity Center in Honolulu, where bearings on lost aircraft 
transmissions were plotted and evaluated, with the 
results then transmitted to Hickam Air Force Base. 

At the Radio Security Center, bearings were plot- 
ted on a Gnomonic Projection map of the central 
Pacific area. Individual "compass roses" for each 
Adcock station were computed, using the meridian 
intercept system developed by Charles Ellert. It is a 
tribute to Sterling and Ellert that the Hawaiian system, 
with its DF bearings, safely brought in 272 lost bom- 
bers, hospital aircraft, and passenger planes during its 
two years of operation. 

Computation of the compass roses for the DF sta- 
tions was a laborious process. The hand calculator and 
computer had not yet been developed, and slide-rule 
calculations weren't sufficiently accurate, so logarithm 
tables had to be used. This article describes W3LO's 
system for computing great circle tracks using the 
meridian intercept method. All computation can be 
done with either a calculator or a computer; both 
methods are fully described. 

making the map 
Referring to a computer readout of bearings to each 
country can be slow and cumbersome when you're 
eager to snag a new one. It's much quicker and eas- 
ier to refer to a map that shows great circle bearings 
from your location to all others throughout the world. 

spherical geometry and maps 
The earth isan oblate spheroid - a slightly flattened 

sphere. Maps are, of course, intended to represent all 
or a portion of the earth's surface; but the greater the 
area of the earth included, the greater the difficulty in 
achieving a realistic portrayal of the earth. (Try cutting 
a hollow rubber ball in half and flattening it. . . you'll get 
a good idea of the problem. Considerable distortion and 
deformation obviously result). 

Latitude and longitude lines, the imaginary reference 
marks used to locate points on a map, correspond to 
equivalent points on the earth's surface. It is these lines 
that define a map's projection. But most maps are not 
truly projections in the geometric sense. 

Several kinds of maps are commonly found in the 
radio room. Cartographers have developed special- 
purpose maps such as the Gnomonic, Lambert Con- 
formal Conic, Polyconic, Albers Equal-Area, Azi- 
muthal, and the familiar projection developed in 1538 
by Gerhard Kramer, better known by his Latin sur- 

By A. Prose Walker, W4BW, 1087 Tung Hill 
Drive, Tallahassee, Florida 32301 and Jack W. 
Herbstreit, W0DW, 4797 Briar Ridge Trail, Boul- 
der, Colorado 80301 
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LI.NI  LaIIIude and longltuds of Amateur rlallon 
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TH4 Longllude dlffenncs between NV and NX 

fig. 1. Geometric Portrayal of pertinent latitude, longi- 
tude lines and great circle track intercepts for compu- 
tation of Great Circle Tracks using the Meridian Inter- 
cept Method. 

name, Mercator. An equal-area projection, the Mer- 
cator projection is simple to construct. It uses straight 
lines at right angles to each other for latitude and lon- 
gitude. Its scale increases with latitude. 

The Gnomonic Projection is the only map on which 
great circle tracks appear as straight lines. The more 
common azimuthal maps used by Amateurs are spe- 
cial cases of the Gnomonic. For radio bearings (i.e., 
azimuths) over considerable distances, this map has 
no equal. Even so, there are distortions (remember the 
rubber ball?), and individual "compass roses" must be 
computed for each station's location, except at the 
point of tangency. The Gnomonic is a perspective 
projection of the earth on a tangent plane, with the 
point from which the projecting lines are drawn being 
situated at the center of the earth. 

Regardless of the map used, the path of a great cir- 
cle track around the world will inevitably intercept lati- 
tude and longitude lines as it passes from the origin 
(station location) to the antipode. The object of this 
"meridian intercept" system is to determine where the 
great circle paths intercept selected parallels and 
meridians of latitude and longitude so that they can 
be plotted on a map. 

the meridian intercept system 
The diagram shown in fig. 1 is the basis for the com- 

putations of intercepts using a hand calculator for solv- 
ing the equations. The corresponding computer pro- 
gram is shown in fig. 2. Studying fig. 1 and referring 
to a globe will help in visualizing the process more 
easily. 

Although they may appear to be slightly different, 
the equations for the calculator* are identical to those 
used in the computer program. Although somewhat 
tedious, they do provide accurate results. The station 
location need be specified only to the nearest degree 
of latitude and longitude; this helps simplify calcula- 
tion. Map distortion, plotting accuracy, and horizon- 
tal beamwidths of Amateur directional antennas make 
extreme accuracy unnecessary. 

intercept calculations 
using a calculator 

In fig. 1, coordinates of the Amateur station are L1, 
N1. The bearing, B, is represented by a heavy black 
line. Its great circle track reaches a maximum latitude 
at a point called the vertex, with coordinates LV, NV. 
For each great circle track there are two vertices, one 
east and one west of the Amateur station. If intercepts 
are computed for bearings from 0 to 180 degrees, reci- 
procals of those intercepts may be used for bearings 
180-360 degrees. It's necessary to compute the lati- 
tude and longitudes of the vertex so that values for 
TV, TH3, TH4, LX, and NX may be obtained. Take 
time to understand the definitions in fig. 1 - they're 
important. 

Finding LV: latitude of the vertex 
Example: let B = 60 degrees from W4BW 

L1 = 30.4N (latitude of W4BW) 
N1 = 84.2W (longitude of W4BW) 

COS(L V)  = SIN((PI/2) - L I )  SIN (B)  (eqn 1) 

solving: COS(L V)  = 0.8625 1 0.86603 
COS(L V )  = 0.74696, L C' = 41.7 degrees 

Finding NV: longitude of the vertex (using definitions 
value of TV and N1) 
COT(TV) = COS((P1/2)-LI) TAN (B) (eqn 2) 
using value from above example: 

"The original "Ellert equations" are given below. In all cases they give iden- 
tical results to those used herein. When using a hand calculator, these origl 
nal equations may be more convenient. W ~ t h  these equations lor the others) 
i t  is nesessary to carefully ensure that the answers obtained have the correct 
signs and fall in the correct quadrants on the map of your choice. Roughly 
plotting your intercepts will verify the correct quadrant. It is useful to have 
your map available when making the calculat~ons. 

August 1986 83 



COT(TV) = 0.50603 1.73205 
COT (TV) = 0.87647, 

TV =48.8 degrees 

TV, by definition, is the longitude difference between 
the station and the nearest vertex: consequently 
NV = NI - TV 

or NV = 84.2 - 48.8 = 35.4W longitzrde 
of the vertex (N V) .  

Before proceeding, note the definition of TH3. Select 
suitable (NS) meridians that a bearing of 60 degrees 
( B )  will intercept. A different value of LX will result 
for each selected meridian. In the following example, 
values of NS used are 30W and 60E. 

Exatnple: 

NS = 30W 60E 
TH3 = 5.4 95.4 

COS(TH3) = 0.99556 - 0.0941 1 
TAN(LV) = 0.89097 0.89097 (LV from Eqn. 1) 
TAN(LX) = 0.88701 - 0.08385 (reverse 

latitude) 
LX = 41.5N 4.8s 

In many cases, use of eqn 4 may not be necessary. 
In other words, the latitude intercepts on longitude 
meridians will generally locate the great circle points 
with sufficient clarity to enable them to be joined with 
a smooth curve. In some circumstances, such as when 
the great circle track approaches the antipode, 
accurate location of the points may require solving eqn 
5 to obtain longitude intercepts NX, on several 
selected latitudes NS. Note again the definitions from 
fig. 1 before setting up your table for eqn 4. In the 
following example, azimuths B of 10, 20, 30, and 40 
degrees are used to compute the longitude intercepts 
NX on a latitude LS of 60 degrees. 

COSITH4) = COT((PI/2j - LS) TAN((P1/2) - L Vj (eqn 4) 

B 10 
LS 60 N 
LV 81.4N 
TAN((P1/2) - LV) 0.15124 
COT((P112)-LS) 1.73205 
COS(TH4) 0.26196 
TH4 74.8 
NV - 0.7 
NX 74.1 
max value of cosine is 1 or - 

. . . . . . . . . .  
17.2 
no intercept 

Thus we have computed longitude intercepts on a 
60-degree north latitude for bearings of 10, 20, and 
30 degrees. Reference to your map will verify that 
there is no intercept for a bearing of 40 degrees on 
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:,c, a , , , 2 , = L 4  
U8.l I F  ! l l N I L > - U  THEN TY=k1/2 :00TO 4Ll l  
Vl.8 1 7 " - I / <  (LOS,  IFI/I)-LL) l + T R N < C ,  1 

.181I# T Y = R I N I T I V I  
4,"  l i < , . 4 > = r v  
421.1 N Y t - N I - I V  LONGlTUDt  OF YEkTEX t o 5 1  OF U C l G l N  
4:ii R , l , - . I = N Y t  
4411 N Y W = N L * r Y  LONCllTUDt OF Y L k I E X  WkST OF OhLi j lN  
4111 R i I , 4 1 = N V W  
l b l i  L l < l . Z , = T V  
4/11 F O h  J - 6  TO 5 
481.1 NS = J  '" 
4911 NS = FNCCNSI SELECTED LONGITUDES 
',Clu I U E = N Y k - N S  LLlNGlTUDk D l F F E R E N C t  BETWELN NVL ( E P S I E h N  Y L h l L X )  RND NS 
5111 rHJW=NYW-NS L O N B I T U D t  U lFFCkENCC S E r W t t N  NVW (WES1tRN V t R I E X I  l lND NB 
' A - ( 8  I X t = L O S (  r H 3 E I  . l n N ( L V )  
',:ii LXW=CUSlrH:WI*IPN(LV) 
54 l i  L l t S Y I N I L X t l  L a I I I U D t  O I  CRUSSING E n 5 1  UF Y E h l E I  ON S t L t L l E U  LUNElTUUt. NS 

ci5t, LXW=RINILXWI  L R I I  IUD€ 0 1  CROSSING WEST OF VERTLX ON SELtCTED LUNOITUDL.  NS 
',e<. O(L,J+I2I=IIC 
' , i l l  NE",  J 
' ,B l l  
l,'iii +Oh J = - 5  I "  5 
hl # t  Lb = J + 15 
, , I <  Lb = * N K , C b ,  

I H 4 = I R N I ' + L i - )  L V l / l l t N i t l I / + ' )  L A  
t i ' ,  1 +  G y S < l H 4 )  I H t N  bUlU b/t l  

A411 NXLW"8 
bSll NXWE=II 
h6. l  CIUTO ,911 

b l l l  I H 4 = 1 - ~ I N < I H 4 / b U I . . < l - 1 H 4 4 1 H 4 , ~ , + F ' L , L  
OBv rH4-LUNGI1UDL U L F F t f i t N C t  B E l U t t N  N V  AND NX 
b V i i  N X E t X N Y L - l H 4  LONGl lUDE OF CROSblNG t R S r  Ot t64SI tCN V t h l t X  
i o l l  N I E W = N V t + l H 4  LUNSITUUE U& CKUSSlNb W t b l  Ub ERSTtRN V t R l t K  
l i l i  N I W E I N Y Y - I H 4  L U N i l T U U E  UF CkUS5INC ti),\ UF Wtb lEFIN V k k l t l  
I.,, NXWW=NVW+rH4 LUNLi l lUDC (It L U U S b l N b  WtS1 U t  WtSTERN V t R l t X  
i y l l  I F  NXEW F I  T H t N  NXtW = N I t W  - - -+PI :  b U l U  7511 
1411 I F  NXEW' P I  i H t N  N X t W  = N l t W  2rF I 
'5,s CI I I . J ' : i>=NILW 
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1111 I F  N X W C ,  - F I  THEN NXWt = NXUE + 2.61 
, t i l l  R < I . J +  :4)=NXWE 
19U NEXT J 
I ' I C  N t X T  i 
ill,, L i h I N i  l R h < t i )  ' IPIhLt I : L b H I N I  
Sil l  L i h l N l  I R M I 2 1  L ' ;  i Y B < l )  L V ' ;  I R N I I L )  " N V t " ;  I R U ( L L I )  "NVW": T R W ( 2 l l  T Y '  
.is<) FUR I= ' 8  T U  i n  
t i l i l  L I C l N l  LlblNCl ".*a i a l 1 . L ) ;  
tlfill L r F l N l  USIND ' I I * ( I . ~ " { F N D < Y < I , A )  I :  
Hbll L F h l N I  USINO '(I#II.*':kNUIn<I.,II; 
R 7 I I  IFMINI U S I N l j  '*U**.* ' ' ;FNUIAI1,4)I ;  
8811 L F h l N l  I l b l N b  ' * * I * . I U & F N U < e < I . C ) i  
nvu N ~ X T  I 
891 L F M I N I  L . H H l < l l l  
a96 L F F L N I  ' a .  r r a s c  Ya1l.r. W 4 1 W  and Jar#  W .  Hsrbstrelt. U I U U " : L F L I N l  : L F f i I N I  
9vu L F R L N T  : L ~ C L N T  ieet:u> " I ~ E I L ~  1 1  i ~ r h ~ ~ r  
9 1 U  L C h L N T ' I R T I I U D t  UF CNUSblNG FUR U t S l b N * l t D  L U N G l l U D t  MLlWEEN IWU RND 1 5 u W '  
720 L F R I N T  U I L U " ;  '' I s < ) " ;  '' E l j U " ; "  ELZ<I":"  E91J ": " EbU":" E31.>"1" " ' ' 8  
L):ll L F R l N l  " : I I W " (  bUW1'; " Y U Y " i  '' $-'OW''$ '' f l U W  
Y 4 U  FOR 1  I> TU 1 8  
9511 LFCLNT LISING ' * * U " ~ ~ I I . I I ;  
L)bO FOR J - I I U  I I  
9711 L F R I N T  USING ' * I U * . * " I F N D I ~ ) I I  , J J S > ,  I 
70" NEXT J 
9911 L P R I N T  USING " ~ ~ * I . * " I F N D ( L I I , l f ~ ,  
111110 NEXT 1  
111111 LFRINT ILPRINI IRBIJO~ ITROLE III-: LFMINI 
l 0 Z O  L P R l N T  "LONGI IUDC Plr CROSSINO FOR D t S I G N h T E D  L R r l r U D E S  BETWEEN - 75  PND 15' 
InJCm LPRILIT ' O / L R " ; "  S / 5 " ; "  SbU"1 ' '  S 4 3 " ~ "  S W '  1 ' '  S L Y ; ' '  ' I 5 N " u  
L(t4I1 LPRLNT " SON"; ' 4 3 N " )  ' b U N " 1 "  73N" 
11,5<1 FOR I I., TO 1 6  
i U L l i  L P R I N l  USING " U l * " $ R < I . l ) (  
,8.>7<., FOR J = 1 TD lc8 
11180 CPRINT USING ' I * # I . * ' ' I F N D ( A I I . J * I ~ ~ )  I 
109U NEXT J 
l l i l U  L F ' R I N I  USING " U * # * . * " I F N D < L I < I , 2 B , ~  
1111.8 NEXT I 
I l l 5  L F W I N I  LYRIII2) 
1 1 1 6  L F R l N T  'R. FTOS. Y.lh.r, Y4BW and J a c k  Y.  H.rhrtr.lt. * I d U U " I L r R I N T  l L P h l N l  
1 1 2 0  LPRLNT 8LFRLNr  rR IL (301  "TROLL I V 0 , L P R I N T  
LI1U L P R I N T  "LONBITUDL A T  C R 0 5 b I N b  F O k  DEGIGNOTED L R I I T U D E S  bETYkEN -73 RND 7 5 "  
1191, L P R L N I " B / L A " I  ' S 7 5 ' ( "  S b U ' i "  S 4 5 " I 1 '  S3U1 '1 "  S L S " l  ' " " 1 "  1 5 N ' ' l  
IIIU L F ' h I N I  " IvN"8 4 5 N U (  b < * N " r "  75N"  
LlbU FOR I ' V TO 1 8  
l l 7 U  LPRLNT USING ' ' l . * ' ' b h ( I 1 l > (  
l L 8 0  FOR J - 1  TO LO 
L IPL l  L P R I N T  USING ".U.U.*"IFHD<~II.J*~~)I) 
1200 NEXT J 
1ZLO L P R l N T  USING ' . . . I . I " IFHDIR( I . JV~I  
L Z 2 u  NEXT 1  
, 2 2 3  L P R l N T  CI (R tC12I  
1230 END 

fig. 2. Program listing to determine great circle paths from your 
location. (Send SASE for large-print copy of program.) - 
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the 60th parallel because the 
circle track passes south of 
latitude. 

great 
that 

The principles and notations for explained for the computer program 
determining intercepts with a calcu- (see fig. 2). LS and NS values are 
lator are the same as will be later selected as computations progress, 

taking into account the easily identified 
parallels and meridians as shown on a 
Mercator map ("Standard Time Zone 
Chart of the World," HO 5192, pub- 
lished by the United States Naval 
Oceanographic Office). Because of the 
time zones, some of them were not 
even values. In the computer program, 
bearings (B) every 10 degrees are 
used; selected longitude lines (NS) are 
every 30 degrees, and selected lati- 
tudes (LS, every 15 degrees from 75s 
to 75N. The photo of the W4BW map, 
fig. 3, shows the great circle paths 
throughout the world from Tallahas- 
see, Florida. 

table 1. Latitudes and longitudes of the vertices for W4BW. 

B LV NVE NVW TV 

0 90.0 - 5.8 174.2 90.0 
10 81.4 -0.7 169.1 84.9 
20 72.8 4.6 163.8 79.6 
30 64.5 10.5 157.9 73.7 
40 56.3 17.2 151.2 67.0 
50 48.6 25.3 143.1 58.9 
60 41.7 35.4 133.0 48.8 
70 35.9 48.5 119.9 35.7 
80 31.9 65.0 103.4 19.2 
90 30.4 84.2 84.2 - 0.0 

100 31.9 103.4 65.0 - 19.2 
110 35.9 119.9 48.5 -- 35.7 
120 41.7 133.0 35.4 -- 48.8 
130 48.6 143.1 25.3 - 58.9 
140 56.3 151.2 17.2 -- 67.0 
150 64.5 157.9 10.5 -- 73.7 
160 72.8 163.8 4.6 -79.6 
170 81.4 169.1 0 . 7  -- 84.9 
180 90.0 -5.8 174.2 90.0 

Program to compute crossings of great circle paths on meridians of latitudes and longitudes 
from a point on the earth's surface at selected bearings, B, from the point of origin. Given 
the latitude 30.4 degrees and longitude 84.2 degrees of the point of origin (degrees west of 
Greenwich). North latitudes are given as positive and south latitudes are negative. West lon- 
gitudes are given as positive and east longitudes are negative. B is selected bearing from point 
on earths surface in degrees. 
Latitude of vertex (highest latitude that bearing crosses) = LV 
Longitude of vertex east of origin = NVE 
Longitude of vertex west of origin = NVW 
Longitude difference between origin and nearest vertex = TV 

L 

program vertex 
The computer program uses simple 

right-angle spherical trigonometric 
relationships and computes the cross- 
ings of great circle tracks from any ori- 
gin (for example, your location at lati- 
tude L1 and longitude N l )  on parallels 
of latitude and meridians of longitude 
on your map. As with the calculator, 
select suitable latitude and longitude 
lines around the world wherever you 
want the bearing to be plotted (on any 
type of map of the world, such as a 

. 
table 2. Latitudes of crossings for designated longitudes between 80 and 150 w .  

B/LO 180 El50 El20 E90 E60 E30 0 30W 60W 90W 120W 150W 

0 90.0 90.0 90.0 -90.0 -90.0 -90.0-90.0 -90.0 -90.0 90.0 90.0 90.0 
10 -81.4 -80.0 -72.8 4.6 73.5 80 .181 .4  80.0 72.8 -4.6 -73.5 -80.1 
20 -72.8 -71.1 --61.5 - 14.7 54.2 69.4 72.8 71.1 61.5 14.7 -54.2 -69.4 
30 -64.1 -63.1 --53.6 -20.8 34.9 57.964.1 63.1 53.6 20.8 -34.9 -57.9 
40 -55.1 -55.7 -47.8 -23.9 18.4 45 .655 .1  55.7 47.8 23.9 - 18.4 -45.6 
50 -45.8 -48.5 -43.0 -25.9 5.3 32.9 45.8 48.5 43.0 25.9 -5.3 -32.9 
60 -36.0 -41.5 3 9 . 0  -27.3 --4.8 20.3 36.0 41.5 39.0 27.3 4.8 -- 20.3 
70 -25.6 - 34.4 -35.3 - 28.4 - 12.9 8 . 2 2 5 . 6  34.4 35.3 28.4 12.9 -8.2 
80 - 14.7 -27.0 -31.8 -29.4 - 19.6 --3.1 14.7 27.0 31.8 29.4 19.6 3.1 
90 -3.4 -18.9 -28.2 -30.3 -25.4 -13.5 3.4 18.9 28.2 30.3 25.4 13.5 

100 8.2 -10.1 -24.3 -31.1 -30.8 -23.1 -8.2 10.1 24.3 31.1 30.8 23.1 
110 19.8 -0.1 -19.9 -32.1 -35.9 .-32.0--19.8 0.1 19.9 32.1 35.9 32.0 
120 31.2 11.3 -14.6 -33.1 -40.9 -40.4-31.2 -11.3 14.6 33.1 40.9 40.4 
130 42.3 24.0 -7.8 -34.3 -46.3 -48.4-42.3 -24.0 7.8 34.3 46.3 48.4 
140 52.8 37.9 1.8 -35.9 -52.1 -56.3-52.8 -37.9 -1.8 35.9 52.1 56.3 
150 62.7 52.1 16.1 -38.2 -58.8 -64.2-62.7 -52.1 -16.1 38.2 58.8 64.2 
160 72.2 65.9 37.6 -42.2 ---66.9 -72.4-72.2 -65.9 -37.6 42.2 66.9 72.4 
170 81.2 78.7 65.2 -51.3 -77.0 -80.9-81.2 -78.7 -65.2 51.3 77.0 80.9 
180 90.0 90.0 90.0 -90.0 -90.0 -90 .090 .0  -90.0 -90.0 90.0 90.0 90.0 

- 
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Y o u  N E E D  C U R L Y C 0 D ~ ' " b e c s u s e  it Is: 

*A. E x c l t l n g  N E W  l e a r n i n g  e x p e r i e n c e :  
E a c h  c o d e  R H Y T H M  g r o w s  a n  " u n f o r g e t c a b l e "  

l e t t e r  S B A P E  in y o u r  mind's eye. . E a c h  s o u n d  A D D S  fo t h e  g r o v l n g  l e t t e r  shape. . S o  e l l  R H Y T H M S  chat s t a r t  t h e  same w a y  
g r o w  S H A P E S  char s r a r r  t h e  same w a y .  . Y o u  N E V E R  c h a n g e  y o u r  mind a b o u t  t h e  s h a p e  
a s  it g r o w s  In y o u r  mind's eye. 

W h e n  t h e  R H Y T H M  stops. the S H A P E  s t o p s ,  a n d  
It IS t h e  letter, a a  ] v a t  W R I T E  i t !  

* p e r f e c t  f o r B E G l N N E R 8 :  No s e n s e l e s s  s t u d y  - 
C U R L Y C O D E  s h a p e s  a r e  S I M P L E  and M A K E  SENSE. 
K n o w  only E I G H T  s h a p e s  a n d  y o u  k n o w  H A L F  of 

E V E R Y T H I N G  and M O S T  of the L E T T E R S .  
K n o w  only T W O  new e n d i n g s  f o r  e a c h  s h a p e  and 

Y O "  "Ill k".," e v e r y t h i n g !  

IT'S L I K E  "INSTANT C O D E " !  

a ~ e r f e c t  f o r  EXPERTS: N o  e r r v g g l i n g  t o  b r e a k  
y o u r  "learning pl a t e a u "  - 

o n c e  y o u  know t h e  C U R L Y E O D E  s h a p e s  they 
g r o w  In y o u r  mind's eye a c  "any" speed. 

S o  r a k e  some rime to R E A L L Y  K N O W  t h e  eight 
b a a l c  C U R L Y C O D E  s h a p e s  a r  slow s p e e d  t o  be 
w e l l  on y o u r  way C O  b r e a k i n g  y o u r  plateau. 

IT'S L I K E  "SUPERSONIC C O D E " !  

* F i n e  f o r C L U 6 S : A t t r a c r i v e  c o l o r e d  w a l l  c h a r t .  
S A V E  u i r h  e 20% discount o n  t e n  o r  m o r e  s e t s !  

PRICE: C o m p l e t e  s e t  ( M a n u a l ,  w e l l  c h a r t ,  
P o c k e t  card, Beginner's charr): $ 1 1 . 5 0  

Manry back guarantee. Phone 17031146-6088 

I( lNDk H i n d s  e y e  P u b l f c a r i o n s .  D e p t .  H  Ib 
S u i t e  115-199 

@ @ 13SO B e v e r l y  Rd. 
M e l e a n ,  vA 2 2 1 0 1  
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AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H L HEASTER INC 203 Buckhannon Plke Clarksburg W 
Va 26301 Clarksburg Phone (304) 624 5485 or W Va Toll 
Free 1-800-352 3177 
HAROLD HEASTER KABOHX 91 Rldgefleld Place Ormond 
Beach. FI 32074 Florlda Phone (904) 673-4066 
NEW NATION-WIDE TOLL-FREE TELEPHONE 1-8W-BCRADIO 

1-800-84-72346 
Call us for a quotallon WE WILL SAVE YOU MONEY' 

Invitation t o  
Authors 

ham radio welcomes manu- 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid- 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 

table 3. Longitudes of great circle track crossings at specific latitudes, using longi- 
tude of the eastern vertex. 

I table 4. Longitudes of great circle track crossings at specific latitudes, using longi- i tudes of the western vertex. 

Mercator) and compute where the 
bearing tracks cross these selected lati- 
tude and longitude lines. In this pro- 
gram, northern latitudes and western 
longitudes are taken as positive. 
Southern latitudes and eastern longi- 
tudes are negative. 

The program begins by asking you 
to  provide the geographical co- 
ordinates of the origin (i.e., your loca- 

tion) in program lines 90 and 100. 
Then for a selected number of bear- 
ings, 6, from this origin, i t  computes 
the maximum latitude, LV, which each 
bearing track reaches (the vertex) as 
well as the longitudes, NV, of these 
vertices. Great circle tracks for bear- 
ings, 6, every 10 degrees from zero to 
180 (line 310) were selected for com- 
putation. This gives complete 
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fig. 3. W4BW map, HO 5129, showing great circles from Tal- 
lehassee, Florida. This map was produced using the merid- 
ian intercept method of calculation. 

360-degree coverage when you consider the great 
circle paths going in the reciprocal direction through 
the origin. 

On the diagram, the great circle having a bearing, 
B, reaches the maximum latitude LV when angle C = 

90 degrees. First we compute the co-latitude of the 
vertex CLV = (PI12-LV) using the right spherical 
trigonometric identity (C = B in the program): 

SIN(CL V) = SIN((PI/2)-LI) SIN(B) (line 340) 
and then: LV = (P1/2) - ARCSIN(CLV)(line 360) 

where PI = 3.141593 (l ine 60) 
The longitude of the vertex NV is then computed 

by first obtaining TV as defined on the diagram (the 
difference between the longitude of the origin, N1, and 
the longitude of the vertex NV) from the equation: 

TA N(TTV) = I /((COS((P1/2)-L I)) TA N(B) 
(line 390) 

from which: TV = ARCTAN(TTV) (line 400) 

The longitude of the Vertex NV is obtained from the 
definition of TV. Notice that there is a vertex both east 
(NVE) and west (NVW) of the origin: 

NVE = NI - TV (l ine 420) 
NVW = NI + TV (l ine 440) 

The results of the computations for each selected 
bearing are stored in Array A(19,39) (line 290) for sub- 
sequent print-out after all computations are made. 

Next select the longitudes NS on which to deter- 
mine the latitudes LX of the crossings of the 
(azimuthal) bearing tracks. In the program, NS was 
selected for every 30 degrees of longitude between 
- 180 and 150 degrees (line 480). Then compute LX 
for each bearing track at each of the selected longi- 
tudes NS as follows: 

Bv definition TH3 = NV - NS (line5001 

then TAN(LX) = COS(TH3) 
TAN(LV) ' (line 520) 

and LX = ARCTAN(LX) 
(line 540) 

The longitudes of the bearing tracks NX at selected 
latitudes LS are found by using the following: 

COS(TH4) = TA N((PII2) - L V)/TAN((PI/2-LS) 
(l ine 620) 

TH4 = ARCCOS(TH4) (l ine 670) 
by definition NX = N V +  TH4 (line 700) 

The selected latitudes LS in the program are every 15 
degrees from - 75 to 75 degrees (line 600). A second 
table of bearing track crossings, NX, are also com- 
puted using the other vertex. 

Program lines 810 through 1220 are the part of the 
program that prints out the answers. As an example, 
the results are given of computations made for the ori- 
gin at the QTH of W4BW (latitude = 30.4N. longi- 
tude = 84.2W). Table 1 is a list of latitudes and lon- 
gitudes of the vertices for the W4BW location as well 
as TV (the degrees of longitude between the origin 
and the vertex) for the bearing angles selected. Table 
2 gives the latitudes of the great circle track crossings 
at the specified longitudes. Tables 3 and 4 give the 
longitudes of the great circle track crossings on the 
specified latitudes. Table 3 uses the longitude of the 
vertex east of the eastern vertex and table 4 uses the 
longitudes of the western vertex. When these tables 
have been computed for your location as origin, the 
crossing points for each bearing given in the tables 
can be plotted on your map. When they are con- 
nected, the lines show the desired great circle paths 
emanating from your location. % 

conclusion 
For those of you who use a calculator, remember 

that each bearing has two vertices, one east and one 
west of the origin. For azimuths from 0 to 90 degrees, 
the nearest vertex will lie east of the station, and for 
azimuths 90-180 degrees, the nearest vertex will lie 
west of the station. This applies to stations in the 
northern hemisphere. For stations in the southern 
hemisphere, the conditions will be reversed. When 
computing the nearest vertex for bearings of 90 and 
270 degrees, note that it coincides with the station 
location. 

Any map can be used as long as you can identify 
latitude and longitude lines in order to plot the inter- 
cepts. First connect the intercept points free-hand, 
using a soft pencil. Make the final lines with a water- 
base marking pen in any color you wish. Black is prob- 
ably best. 

Label the azimuths either by hand or with dry trans- 
fer lettering. For neatness, position the values verti- 
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cally on the Greenwich and 180th longitude meridians, 
for 0-180 and 180-360 degrees, respectively. 

Readers who are too busy to do their own calcula- 
tions can obtain an intercept computer readout for 
their locations from WODW, for a nominal fee of 
$10.00, which covers the cost of paper and use of the 
computer. All you need to provide is the latitude and 
longitude of your location as accurately as possible. 

For you avid DXers, nothing is easier or faster than 
glancing up at a map and instantly seeing the azimuth 
from your station to any location in the world. It's 
interesting to observe where your signal may travel 
with the beam heading on various azimuths. It also 
helps you understand some of the anomolies encoun- 
tered with stations in the far corners of the earth when 
turning your beam makes little or no difference in sig- 
nal strength. Lateral deviation of the signal path 
accounts for some of it, but in many cases it's the 
result of your signal reaching the area of the antipode 
regardless of the direction in which you point your 
beam. 

references 
1. Lecture series by Charles A. Ellert, February 23-March 6, 1942, on board 
U.S.S. President Monroe, en route to Hawaii. 
2 Charles H. Deetz, Cartography, Special Publication No. 205, U.S. Depart- 
ment of Commerce, Coast and Geodetic Survey, 1936. 
3. Dreisonstok, Navigation Tables for Mariners and Aviators, No. H .O. 208, 
Sixth Edition. United States Navy Hydrographic Office, United States Govern- 
ment Printing Office, Washington, D.C., 1942. 
4. Ageton, Dead Reckoning Altitude and Azimuth Table, H.O. No. 21 1, Third 
Edition, United States Navy Hydrographic Office, United States Government 
Printing Office, Washington, D.C.. 1943. 
5 Reference Data for Radio Engineers, 5th Edition, I.T.T.. October, 1968, 
page 44-9. Eqn. 6, (Spherical Trigonometry). 
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BEAM ANTENNA HANDBOOK 
Completely revised and updated with the latest computer generated informa- 
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10, 18 and 24 
MHz WARC bands. Evelything you need to know. 204 illustrations. 268 
pages. (cj1985. Revised 1st ed~tion. 
I IRP-8A Sonbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Primer on how-to-build simple low cost wire antennas. Includes invisible 
designs for apartment dwellers. Full of diagrams and schematics. 192 
pages. 01972 2nd editcon 
I IRP-WA Sonbound 57.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 
Simple to build, lightweight, and high performance make the Quad at DX'ers 
delight. Everything from the single element to a multi-element monster. A 
wealth of information on construction, feeding, tuning and installing the 
quad antenna. 112 pages (i-11982. 3rd edition. 
I IRP-CO Sonbound $6.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers verticals, long wires, beams as well as 
plenty of other interesting designs. It includes an honest judgement of gain 
figures, how to site your antenna for the best performance, a look at the 
Yagi-Quad controvers . baluns, slopers, and delta loops. Practical antenna 
projects that work! 1 l0  pages. (31978. 1st edition. 
I IRP-AH Sonbound 57.95 

Please enclose $3.50 for shipp~ng and handling. T m  
ham i& 
~ ~ ~ I o - ~ ~ ~ ~ B O O K S T O R E  

1 GREENVILLE, NH 03048 (603) 878-1441 



BAND KIT WIRED - - - 
6M,2M,220  $630 $880 

4 4 0  $730  $980 

(Also avallable for commer- 
cial bands) 

FEATURES: -4 

SENSITIVITY SECONDTO NONE; 0.15 uV (VHF), 0.2 uV(UHF) PIP. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLEXTAL FILTER 
&CERAMICFILTERFOR > lOOdBAT 2 12KHZ.HELlCALRESON- 
ATOR FRONT ENDS TO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS. SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 

> 100dBat i 12kHz, bestavailabletoday. Flut- 
ter-proof squelch. AFCtracks drifting xmtrs. 
Xtal oven avail. Kit only $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end,0.3uV sens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but wlo AFCor hel. res. Kits only $118. Alsoavail wI4pole filter, only $98/kit. 
RllO VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. Only898. &'m a 

. TA51 VHF FM EXCITER for IOM, 6M, 
2M, or 220 MHz. 2 Watts continuous, 
up to 3W Intermittent. Kit only $68 

TA451 UHFRM EXCITER 2W cont.. up to 
intermittent. K~ts only $68. Xtal oven avai . 
VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters fl xmtg converters. Several models. 
Kits from $78. 

Modelstocoverevery practical rt8 if range to listen toSSB, 
FM,ATV,etc. NF =2dBorless. 

Antmna Realver 
Inpul R a w  Oulput 

28-32 144-148 
50-52 28-30 
50-41 144-148 

144-146 28-30 
145-147 28-30 

144-144.4 27-27.4 
146-148 28-30 

VHF MODELS 220-222 28-30 
220-224 144-148 

Klt wlth Case $49 ZZZ-ZZ~ 144-148 

Less Case $39 220-224 M-54 
222-224 28-30 

Wlred $69 902-928 422-448 

Hamtronics Breaks 

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

FEATURES: 
Very Low Nose: 0.7dB VHF, 0.8dB UHF 
High Gain: 1310 20dB, Depending on Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Duahgate GaAsFET, Very Stable 

I UHF MODELS 
432-434 

MODEL TUNES RANGE PRICE 
28-30 I - - - 

Klt with Case $59 435-437 28-30 I NG-~JR 26-30 MHz $49 

Model LNW-( * ) . . . . . Only $19/klt, S34wlred 

Models available to tune the following bands: 
25-35, 35-55, 55-90, 90-120, 120-150, 
150-200,200-270, and 400-500 MHz. 

*Specify band 

I LNU- IOU I: 
SCANNER CONVERTERSCopy 806MHz bandon any scan- 
ner. Wiredltested ONLY $88. I LNG-220 

. . . - . - - 2' 
'50-172 MHz 

10-230 MHz 
400-470 MHz 
800-960 MHz 

MODEL TUNESRANGE KIT WIRED -- 

LNS-144 120-175MHz $59 $79 
I For SSB, CW, ATV, FM, etc. Why pay big bucks for a multi 

mode rig foreach band? Can be linked with receiveconvert- 
ers for transceive. 2 Watts output vhf, 1 Watt uhf. 

1 Exciter Antenna 

For VH F, Input Range Output 

Model XV2 2830 144.146 
28-29 145-146 

Kit $79 28-30 9 - 5 2  
27-27.4 144-144.4 

Wired $1 49 28-30 220-222. 

(Specify band) ,;I% 220-224 
53-52 

144-146 28-30 

For UHF, 28-30 432.43 

Model XV4 28-30 435-437 
61.25 439.25 

Kit $79 144-148 432-U6' 

Low-noise preamps with 
hel ical resonators re- 
duce  in te rmod and  
cross-band interference 

12dBgain. 

-- 

in critical applications. 

MODEL TUNING RANGE PRICE 
HRA-144 143-150 MHz $49 
HRA-( * ) 150-1 74 MHz $49 

1200 baud digital or packet radio signals 
through any FM transmitter. 
DE-202 FSK DATA DEMODULATOR 
COR.2 KIT With audio mixer, local speaker 
amplifier, tail a time-out timers. I 

'AddS20far2M mpul 

control of repeater, secondary control. 



DX FORECASTER 
Garth Stonehocker, K0RYW 

summer propagation 
Summertime QRN is this month's 
topic. The predominating noise source 
over omnipresent local noise is at- 
mospherics, the cumulative propagat- 
ed noise from some distance away. It 
isn't associated with weather storm 
fronts passing your QHT, but rather 
with air mass thunderstorms. These 
large high-pressure air masses cover 
several statesand can linger for several 
days - even a week or more. 

Some regions of the country have 
a greater number and variety of thun- 
derstorms than others; in these areas, 
thunderstorm activity is measured by 
the number of "thunderstorm-days," 
or days in which at least one thunder- 
storm occurs. Areas wi th 100 
thunderstorm-days or more are found 
in Florida and in the Rocky Mountains; 
the southern parts of Louisiana, Alaba- 
ma, and Georgia endure 80 days. A 
band stretching across Nebraska to 
Ohio and then bending southward into 
South Carolina, and another reaching 
across New Mexico to Northern 
Texas, have 60 days, with the rest of 
the Mid-west experiencing 50 thunder- 
storm-days. Notice that most of the 
high numbers of thunderstorm-days 
occur in the southeast. 

Because frontal weather activity is 
limited in these areas, the high num- 
bers can be attributed mostly to air- 
mass thunderstorms. Moist air from 
the Gulf of Mexico moving northeast 
along the land serves as a prime thun- 
derstorm generator. 

Thunderstorm activity depends on 

how much moisture the air contains. 
If the air is dry, perhaps no thunder- 
storms will form at all. If the relative 
humidity is 50 percent or more, they 
may develop by noontime. 

The process works as follows. First 
the sun heats the ground. As the heat 
from the ground rises, it warms the air 
above it and causes it to rise. As this 
heated air meets the colder air above, 
its moisture condenses, forming 
clouds. The clouds - some of which 
may be seized by the winds and carried 
into the jet stream to form the charac- 
teristic anvil-shaped top of a thunder- 
storm at 30 to 40,000 feet - continue 
to rise until their condensed moisture 
forms heavy drops heavy enough to 
fall as rain; some drops are taken fur- 
ther upward and freeze into hail. This 
fast up-and-down motion generates 
static electricity strong enough to 
cause the air to break down between 
a cloud and the earth or between one 
cloud and another. As the lightning 
stroke releases this energy, both sound 
and electromagnetic pulses are pro- 
duced. Our receivers pick up the HF 
radio frequency pulse and we call it 
"noise." 

After several days the air dries out 
or slowly moves on. However, during 
these days QRN may limit the useful- 
ness of the low-frequency HF bands, 
enabling only local ragchewing and rul- 
ing out weak-signal DX reception. 

How can you communicate with DX 
stations on these bands? Directional 
antennas may help if the thunderstorm 
activity is in the opposite direction 
from the DX stations. If you're using 
phased verticals you may be able to 
form a null in the right direction, or ro- 
tate one of the big beams to a noise 
null and then hear the DX. Receivers 
with effective noise blankers also spare 
your ears when the static crashes oc- 
cur. When the going is really rough, 
most operators switch operating 
hours, giving up evening hours in favor 
of the pre-dawn hours. By this time the 
thunderstorms have lost their heat and 
dissipated to the east, locally, and are 
weakening on DX paths to the west as 
the sun moves across Asia and the 

Middle East. In addition, the sun in the 
morning hasn't yet warmed the air 
enough for the day's thunderstorms to 
occur. This is a cool, comfortable time 
of the day to be up and around. 

last-minute forecast 
The higher-frequency HF bands, 10 

through 30 meters, are expected to be 
best for long-skip the first week and 
the last few days of August. Expect 
sporadic-E short-skip to be the best of 
the summer season on 6 meters and 
lower in frequency a good many hours 
of many days of the month. The low- 
er bands aren't expected to be very 
good in the evenings because of the 
air-mass thunderstorm build-up. These 
bands can provide some good DX con- 
tacts across the continent or into 
Europe for a short period in very early 
morning on those days during the third 
week, when the solar flux is at its 
lowest. Geomagnetic disturbances will 
occur less frequently, with the greatest 
possibility during the third week. 

For the VHFIUHF enthusiast the 
moon's perigee will occur on the 16th, 
with full moon on the 27th. The Per- 
seids meteor shower will occur from 
the 10th to 14th, with a maximum rate 
of better than 50 meteors per hour ex- 
pected on the 11th and 12th. This is 
an excellent shower to work with. 

band-by-band summary 
Six-meter sporadic E short-skip con- 

ditions will occur for a half hour to 
several hours around local noon on 
some days for this last good month of 
this summer's E, season. Expect 
about 1000 miles per hop. 

Ten, twelve, and fifteen meters will 
have a quite few short-skip E, open- 
ings and some long-skip openings to 
southern areas of the world during 
daylight hours. Fifteen meters will be 
best for only an hour or two as the 
maximum usable frequency decreases 
during the late afternoon. 

Twenty, thirty, and forty meters will 
be useful for distance communications 
to most eastern, western, and north- 
ern areas of the world during daytime 
and into the evening almost every day, 
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'Look at next hlgher band for possible openings. 
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SWL's: Are You Plagued By 
either long-skip to 2000 miles per hop 
or short-skip E, with 1000-mile hops. 
The period of daylight is still relatively 
long, but will be noticeably shorter by 
the end of the month. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX 
even though the background noise is 
severe in the evenings. The direction 
of the openings will rotate around from 
the east, to the south, and then west- 
ward toward the morning. Sporadic E 
layer propagation may be of help in the 
earlv eveninq toward the east and - 
south to override thunderstorm noise. I - Meet the Eliminator. I Try communication those early paths morning to the hours west and for 

I Don't let itssmall dimensions (4"x3"x2") fool you-the Grove 
Minituner Ill is  a b ig weapon against images, intermod and 
~ h a n t o m  signals o n  your shortwave receiver! 

This shor;wave/ldng wave pre-selector i s  designed to  boost 
performance in the 100 kHz-30 M H z  frequency range. If you 
own  one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure o f  selectivity. 

N o  power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free UPSshipping; $5 U.S. Mail/Parcel Post). Order TUN-3. 

Grove Enterprises 
140 Dog Branch Road MC, Visa or COD call: 

Brasstown, N.C. 28902 1-800-438-81 55 

Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 

boosting accessories and literature. 

monitor WWV or WWVH on 2.5 and 
5 MHz. 

ham radio 

Call (704) 837-9200 or write to above address for free catalog! 

Please reserve my copy of the q986 Dick Smith 
Catalog I enclose $ 4  to cover shlpplng. I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I Name.. I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
D h K  941W ElEClWNKS INC. 
P O  I)OX nrv ~ed-o c ~ t v  CA o m  
MPVlHlNG FOP THE EltCTPONCS ENTHUSUSII 
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general purpose 
line transformers 

i 

2 - R l - 1 2 . 5  OHMS 

112 =ZOO OHMS 

R 2  = I 0 0  OHMS 

0 ,  I 
Born 4 0 m  2 0  m IOm 5 m  

fig. l A ,  Isolated winding line transformer response 
curves: (a) unbalanced configuration, lower impedance 
level; (b) unbalanced configuration, higher impedance 
level; (c) balanced configuration. 

PV R I  
0 0 

R 2  

fig. 18. Isolated winding line transformer, unbalanced 
configuration. 

2 V RI  
0 0 

R Z  

R P  
m 

fig. 1C. Isolated winding line transformer, balanced 
configuration. 
- -- 

HF, VHF or UHF 
performance without 
ferrite cores 

Line transformers are usually associated with anten- 
na matching or VHFJUHF stripline applications. This 
article, however, describes general-purpose transform- 
ers made from wire. They're simple to make and can 
serve in many applications normally reserved for fer- 
rite core transformers. All the examples considered use 
tightly twisted trifilar enamel or Formvar-coated No. 
22 wire, with approximately 1 /8 inch between twists. 
Because each wire is comparable to one winding on 
a conventional trifilar transformer, these transformers 

1 can be operated in all the normal trifilar configurations. 

I Relatively broadband, their center frequency response 
is determined by the wire length - several inches for 

I UHF operation and several feet for the lower HF fre- 
quencies. Although the trifilar twisted wire could be 

1 wound on a small diameter form, little difference in 

1 performance would be noticed between it and an un- 
coiled version. 

Measurements have been made on a 17-inch long 
trifilar wire transformer coiled on a 5116-inch diameter, 
314-inch long form. Test results and configurations are 
shown in figs. 1, 2 and 3. Resonance is influenced 
by both the configuration and loading. The balanced 
configuration with the inductors in parallel (fig. 1) has 
the highest frequency response, while the 3:1 balun 
with the windings in series (fig. 2) has the lowest fre- 

1 quency response. Inherently a low-impedance device, 
its lower termination resistance minimizes reflections 
and results in a wider bandpass. This is illustrated in 

By John C. Reed, W610J, 770 La Buena Tierra, 
Santa Barbara, California 931 11 
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the 2:l balun (fig. 31, where the 200-ohm termination been in double-balanced mixers; an example is shown 
shows a dominant resonant condition as compared to in fig. 5. The UHF transformer, with only a 3-inch trifi- 
that of the 50-ohm termination. This 17-inch trans- Jar wire, isn't coiled, but instead mounted in a con- 
former is used in a test equipment balanced modula- venient loop arrangement forming an interface with 
tor application using the circuit shown in fig. 4. It the circuit. The mixer loss is - 6  to -8 dB, and the 
provides 100 milliwatts at 21 MHz, with the balanced poorest port-to-port isolation, between the local 0s- 
transformer isolating the modulated output from the cillator and output, is over 20 dB. 
input excitation by over 40dB. 

My primary application for the transformers has 

- 
R I = l l  OHMS 

RP = I 0 0  OHMS 

3 - 
_/ 

0 
/' 

0 
,'-~1~23 OHMS 

R 2  = 2 1 0  OHMS 

2 -  - 
1 .. 
C 
5 -- 
e 
0 

I - -  

0 
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R I =  12.5 OHMS 

R2 .50  OHMS 

R 2  - 2 0 0  OHMS 

I -t----4 

2 lMHz  INPUT 

T 17inch No. 22 trrfilar wire, twisted. 118 Inch between twiots. 
coiled on 5iI6-inch dlernstsr farm. 

5-6OpF 

L I  20 turnt  No, ,?e win,  an 5/I6-Inch dlsmsrer farm 4 7  
U 3 turns No 22 hookup wire on L l  end 

I P' 
/I\ 

2 2 0  T 

C ,  

8 0 -  40 -  2 0 m  IOm 5- 

WAVELENGTH 

fig. 2A. 3: l  (voltage ratio) balun: frequency response. 

2 V R I  
0 = -- 

R 2  

fig. 28. 3:l (voltage ratio) balun: circuit configuration. 

0 -* 
LOW FREOUENCY 

INPUT 

I 

m 

fig. 4. Balanced modulator circuit using trifilar wound line transformer. 

- 
, 0.001 

80-  4 0 m  20 -  10- 5 m  

WAVELENGTH 

fig. 3A. (voltage ratio1 balun response with two differ- 
ent set of termination conditions. 

2 V R I  - - 

L I  

0 

:: RZ 

d 1 
0.001 

2 2 0  
_nsy.* 

fig. 3B. 2:l (voltage ratio) balun: circuit configuration. 
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C R I - C R I  

I - I N P U T  OHMS 

UHF 

1 - Input  436 MHz 
2 - O u t p u t  21 MHz 
3 - L O  415 MHz 
OR 1 - CR 4 5082-2835 
T I  3" Iriftlar 

12 3" trifilar 

- - -  
3 - L O  2-OUTPUT 

5 0 0 H M S  5 0  OHMS 

T 1 . n  )-inch nifi1.r No 22 w,m w,rh 718 rnch barvssn nrbrr  CR7 4 
= myus 

fig. 5. D o u b l e  b a l a n c e d  m i x e r .  

0 01 

INPUT Z I M H Z  1 4 6 ~ ~ 2  O U T P U ~  

. -- 

1 7rnch rrrhlar No Zl wmr twcrred w r h  118 rnch between twrrtr 
L 0 

wound on 5/16 msh drsmstsr lor," I4 rums1 I 6 7 M H r  

IOOmW/5O OHMS 

f i g .  6. S i n g l e  b a l a n c e d  m i x e r  p r o v i d e s  2 - m e t e r  o u t p u t  with 21 MHz input a n d  167 MHZ LO. 

I have also used the trifilar wire transformer in a 
2-meter single balanced mixer (fig. 6 ) .  

This experimental effort was initiated after question- 
able results were obtained from homebrew UHF trifi- 
lar ferrite core transformers. The wire transformers 
solved my problems with consistent and satisfactory 
results. 

The technique is simple enough to try out in a few 
minutes. Using easily obtainable wire (I used Radio 

STUDY GUIDES 
AMECO STUDY GUIDES 
Designed for VEC Exams 
AMECO study Guides are taken from the FCC Ama- 
teur Exam syllabus. PR-1035 and have answers 
keyed to ARRL's recently released study material 
These stud guides are cpmpatible with ARRL and 
all other V?C Exams While nothlng can guarantee 
that you will pass. AMECO Study Gu~des w ~ l l  make 
sure that you are fully prepared and ready to go 
when you sit down for the exam Written in clear. 
concise, easy-to-read format, each questlon fully 
explained Novice and General books cross refer- 
enced to AMECO's 102-01 for a more thorough 
explanation 
I 127-01 Novice Class Softbound 53.50 
I 112-01 General Class Softbound S4.95 
I 26-01 Advanced Class Softbound 54.95 
I 117-01 Extra Class Softbound 54.95 
1 IAM-1 Get All Four 514.95 

ARRL Q&A LICENSE MANUALS 

ARRL Q&A L~cense Manuals are keyed to the latest 
FCC Exam s llab~ now in use by the Volunteer 
Examiners. K e s e  books are written In an easy-to- 
read conversat~onal style that enhances understand- 
Ing w~thout scaring the student away. All technical 
subiect areas are ex~lained in clear terminoloav and 

Shack No. 276-1345), stretch the three wires between 
a solid tie point and a variable-speed drill, turning the 
drill for the desired 1 /&inch twist spacing. I quickly 
check the resonant frequency of a particular wire- 
length/configuration by simply coupling the input to 
a grid-dip meter, detecting the transformer output with 
a 1N34A diode peak detector. 

ham radio 

reference to other study publlcat~ons These are the otelegraph marlne navigation and Cltlzen s Band An 
study guides lo have All books 11 1985 1st Ed1 excellent reference book for those studylng to pass 
tlons the NABER techn~c~an certiflcahon exam Areas 
I JAR-TG General softbound 55.00 covered ~nclude transmlss~on character~st~cs and 
I IAR-AG Advanced softbound $5.00 modulat~on systems baslc solidstate theory d~g~ta l  

I IAR-EG Extra SoRbound S5.W and mmlcroprocessor electronics, antenna systems 

f12.95 
test equipment repeaters and much more k '  1985 

AR-SG Get All Three 1st edlt~on 576 pages 

NEW TITLES 
FIRST STEPS I N  RADIO 

by DOUQ DeMaw, WlFB 
Thls new anthology has been taken from DeMaw's 
84 an11 85 serles ~n QST maga71ne It has been writ- 

ten to glve beginners the baslc electronic theory 
needed for upgrading and the Ins and outs of how 
radlos work Uslng a bulldlng block approach, 
DeMaw flrst explalns what the different componants 
are then assembles them Into baslc clrcults and 
ends up w ~ t h  how these clrcults work In your rad~o 
You also aet art~cles on antennas. orooaaatlon and 

1 122427 

THE COMMODORE 
HAM'S COMPANION by J I ~  Grubbs, K9EI 
Here s your gu~de to uslng the Commodore C 64 
computer in your Ham shack Good sol~d ~nformatlon 
on where to find software and hardware for CW 
RTTY AMTOR SSTV propagation prognost~catlon 
antenna modellng satell~te tracklng and much more 
Includes a l ~ s t  of over 80 sources of software and 
hardware Also ~ncludes a blbllography of over 60 
magazlne artlcles and revlews about uslng the Com- 
modore ic 1985 160 pages 1st ed~tlon 
I IJG-CC Softbound 515.95 

beginners-level RFI problems and s'uggesiions on 
how to resolve them. Great revlew for more 
experienced Hams. Perfect tor the beginner. iL Please add 53.50 to cover 
198.5 postage and handling. 
t 8AR-FS Sonbound $4.95 

wtth plenty of ~llustrations, diagrams and sch6hatics. 
Rules are also fully covered. Each book has the of f -  
c~a l  ARRL multiple choice question Pool w~th  
answers and a key to the FCC Exam syllabus for 



O u r  new Universal Tone  Encoder  lends its ven ;~ t i l  itv 
to ; r l l  t;tstcs. T h e  menu includes ;dl CTCSS .  ;IS well 
a s  I3urst Tones.  Touch Tones.  anil Test Tones.  No 
counter  o r  test cclt~iprnctit rcquircil t o  set  frequency - Frequency accur;tcy. + . I  Hz  ~ n ; ~ ~ i ~ i i u n i  - 30°C lo + 85OC 

Frequencies to 250 Hz ;tv;tii;~blc on speci;~l order 
Conrinuou\ tone 

I 
vour  Service Monitor  o r  signal senerator .  I t  c an  cvcn 1600 IRSO >I50 2400 

I650 IU)O ??(MI 2450 
operate of f  an  internal nine volt h;rttcry. and is ava i la l~ lc  I X Y I  1950 ?:so ? M  
f i ~ r  one  tl;ty delivery. hackctl hy o u r  o n e  yc;rr w;trr;~r?l!. 1750 :IXYI ?JIM) ?:XI 

I R 0 0  2111) 2350 

All tone\ in C;roup A nncl Group R ;!re incluilecl. 
Output level i1;11 t o  within 1 .5dh over entire r;lnpe xelecte~l 
Separate level ;~il,ju\t p)t\ ; I I I ~  nutpot connection5 for c;~i.h 
ronc Group. 
I~nmunc to KF 
Powered h! 6-3OvJc. unrc~ul;~tci l  at X m;t. 
I.ow irnpc.~luncc. low tli5tortion. :~cljust:~hlc \incw;~vc 
ourput. 5v peak-to-pc.;~h 
In\t:~nr \ran-up. 
Off po\ition (;)r no tone t)ulp~rt. 
Kc\cr\e polarity protection huill-in. 

Frequency ;Iccur;tcy. + I Hz  muuirnuni - 40°C to + X5"C 
Tone length approxim;ttcly ?(H) In\. hlay he Ienpthened. 
shorteneii nr elirninntctl hy c h a n p i n ~  v;~luc of  re\i\tor 

Model TE-64 $79.95 * = COMMUNICATIONS SPECIALISTS 
J2t1 \VC\I  Tafi Avenue. Orange. Califomla V 2 M 7  
(X(WlI 854-0547/ Cal~fomia: (714) WX-3021 
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ANTENNA 
And MAST ADAPTERS 

ACCESSORIES 

BEAM MOUNT 

SI.ndoll m.U) 
NEW FREE CATALOO NOW AVAIUOLE 
& ItX EOUIPMENT LTD. 

P.O. Box 9 Oaklawn. IL 60454 
(312) 423.CW5 

COMPUTER PROGRAMS 
FOR THE RADIO AMATEUR 

by Wayne Overbeck, 
and Jim Steffen, KCBA 

Here's the first source book ol computer programs 
tor me Radio Amateur. Besides covering computer 
basics, thls book glves you programs that wlll help 
ou log. determine sunnse/sunset tlmes, track the 

Loon's path across the sky. use Greyline pro aga 
tlon and set up record systems lor WAS. DX!C . 
and VUCC, or any other award. You can either 
buy me book alone or you can buy the book with 
the programs already on dlsk Take full advantage 
ol  your computer with th~s well wnnen source 
book. I( 1984. 1st ed~lion. 327 pages. 
I-IHA-0657 Softbound $18.95 
LIHA-0657 with pmgram $29.95 

spec!ly computer (see l~st below) 
OProgram disk alone $19.95 
Programs available for: Apple II (DOS and CP/M). 
IBM (00s). TRS-80 Model I and Model Ill and 
Commodore C.64 Please mark your order wlth the 
prograni dlsk you warn 

Please include $3.00 shipping and hmdllng. 

Ham Radio's Bookstore 
Greenville. NH 03048 

SAY 

YOU SAW 
IT IN 

ham radio! 

mnne radlor b y  X'~.grrwy ~ o l a r ~ >  
and ,corn . c0111rn~r~l.1 Land MOOI~C 0" YDIIU I COmputQ' Stuff 

Packet Radlo 
and olhlrs 
Telephonrs O r  A l l 1  Cobra. 

Hardware and Software 
s~utnvcstcrn  Bell. and Panalonrc 

Radios/Accessoria for RTTY/Morse . COI by Unldcn. Mldland Cobra & Antennas/Towers Hal . KanlrOnlCs . mad., k t c n o n  bv unldcn and ~ocrnlog . MFJ 
wt,#5twr Ham Data AmdlCUr Software 

Our Very-Hard to Find Components List 
Semiconductors 

MRF 208 112 W MRF9Ol 5 1 MPSH 81 $ 50 IN6263 I 75 
MRF 240 1840 MHW 710 1 61 00 MV2205 58 2N2907 60 
MRF 247 34 80 2N5944 10 35 LM3HON 190  2N4401 I'r 
MRF 309 3381 MC1330P 160  LMr>h5CN 165 2N5190 1 50 
MRF 421 3700 MC1350P 120  L M l 4 l C N  61  2N5142 1 '10 
MRF 422 4140 MC1358P 1 25 1N/',6A 55 2N5194 1 rmO 
MRF 429 46 W MC1458P 65 1N4001 25 2N5989 2 HI1 
MRF 454 70 00 MCl721G 2 8 0  lN.4148 30 2N5910 7 80 
MRF644 77 60 MC3405 2 50 IN4997 1 50 2N5'l"I 100 
MRF646 ,'9 90 MC78LOBCP 35 2Nh4k6 50 IN5400 I 2, 
M R r  648 13 50 MPS ?2?2 75 1Nc,J63A 7 011 

Kemet Chip Capacitors 
NPO C1210 Sue 50 ea N P O C I ~ ~ O C S ~ ~ ~  7 5 e a  NPOCIHI~SIZP $1 00ea BX C2225 S17e 

l op1  75pt 170pl 4 7 p l  3100pl 5 6 0 0 ~ 1  6R00pl 33ul 51 90 
39p l  82pt  5hOpl lul BX 6 8 ~ 1  5390  152 
51 p l  lOOpl BHOpl 
56 p l  390 pr lilllr) p l  

munication 
oncepts Inc IN 

A T V  equrpmenl Call or wrrle lor our l r re  calaloq ,,, w ,. L ~ . ~ . n ~ , l ~ ~  ~ n ~ a w  o . ~ ) , ,  m t l l l  I 
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NOW! A Phone Interconnect 
with Hardline Quality 

I. 
~ l t  G i l i N L  "[?" *. 0 I 

@ a m  C r. 
- 

Land mobile-marine-aeronautical mobile. 

Using DPD VOX Technology allows all mode 
operation: FM-AM-SSB-ACSB - Simplex. 
half duplex. or duplex. 

No internal modifications or connections 
required to base transceiver. 

Programmable I D  and access codes, 3-12 
minute timer. 

Remote mobile when permitted or manual 
control on all bands. 

@ 1275 Nor th  Grove Street 
Anaheim. CA 92806 

(7 14) 630-4541 

I 5417 JeMeW circle Tampa, FL 33614 
Phone: 813-885-6091  ele ex: 289-237 INAVL UR) I 

100 n August 1986 fl 119 

ELECTRONIC Equipment? 
You'tt Fond Them 

in the Nation's No. 1 
E k t r o n i c  Shopper Maguzine 

N U T S  & VOLTS 
Now in Our 5th Y-r 

Nuts & Vo lu  is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
SUBSCRIPTIOII RATES 

. . . . . . . . . . . . . . . .  One Year - 3rd Class Mail S 10.00 
. . . . . . . .  . . . . . . .  One Year - l st  Class Mail. : $1 5.00 

One Year - Canada & Mexico (in U.S. Funds) . . S 18.00 
. . . . . . . .  Lifetime - 3rd Class Mail (U.S. Only) .$35.00 

ORDER WOW? 
U CHECK 0 MONEY ORDER 

MASTERCARD 

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

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

Name 

Address 

City 

State ZIP 

Card N o ,  

Exp Date 

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

Dealer Inquiries Invited J 117 



true data carrier detect are included. Terminals the IBM PC. PC XT. PCjr and most compatibles. 
up to 9MX) baud may be used. A tuning indica- Each requires 128K of memory and the al~propri- 
tor port for HF and satellite operation is featured, ate graphics display card. 
and LEDs indicate connection, packet tone re- Further information is available from Etron RF 

UNEWl ceived, packet acknowledgement, power on. Enterprises, P.O. Box 4042, Diamond Bar, 
and activation of transmitter. California 91765. (Also available from Ham R a ~  

The MFJ-1270 Packet Radio TNC 2 and MFJ- dio's Bookstore. Greenville. NH 03048. for $84.95 
1282lMFJ-1283 Starter Packs come with a dou- plus $3.50 shipping and handling.) 

D ~ O C ~ U C ~ S  ble guarantee. They can be ordered from MFJ Circle 1303 on Reader Service Card 
for a 30-day trial period. If they don't satisfy your 

new TNC from MFJ 
breaks price barrier 

MFJ Enterprises. Inc. of Starkville. Mississippi. 
has released its new affordable packet radio 
controller. 

At $129.95 (plus $6 shippingl, the MFJ-1270 
breaks a price barrier to make packet radio more 
affordable by bringing together efficient manu- 
facturing techniquesand TAPR'S Tucson Ama- 
teur Packet Radio) leading-edge technology. 

The MFJ-1270 is a nearly identical clone of the 
widely acclaimed TAPR TNC 2. with identical 
software and hardware. Neatly packaged in a 
new cabinet, the unit includes a TTL serial port 
for extra versatility. 

All that's needed to operate packet radio is a 
rig and any home computer with an AS-232 serial 
port and a terminal program. 

For Commodore 64, 128, or VIC 20 users 
there's an optional Starter Pack for $19.95; this 
puts them on the air immediately and includes 
interfacing cable, terminal software on tape or 
disk, and complete instructions - evetything the 
users need to get on packet radio. The MFJ-1282 
is thedisk version and the MFJ-1283 is the tape 
version. Both are priced at $19.95 each. 

Unlike machine-specific TNCs, the general- 
purpose MFJ-1270 won't become obsolete be- 
cause the user cha~ges computer or because 
packet radio standards change. The MFJ-1270 
can be used with any computer that has an 
RS-232 serial port and an appropriate terminal 
program. If packet radio standards change, soft- 
ware updates will be made available as TAPR 
releases them. 

Speeds in excess of 56 Kilobauds are possi- 
ble with a suitable external modem. These faster 
speeds would be very difficult, if not impossi. 
ble, with any machine-specific TNC or a TNC 
without hardware HDLC. The MFJ-1270can be 
used as an inexpensive digipeater. 

The MFJ TNC uses the latest AX.25 Version 
2.0 software. As few as three commands can 
be used to make contacts; 82 software corn. 
mands are featured. The "MHEARD" command 
lists stations and the time heard. Up to four sta- 
tion roundtables are possible. 

Hardware features include HDLC for full du- 
plex, Z80A CPU, and a 16K EPROM, expand- 
able to 32K. 16K RAM (with bartery backup) and 

needs, return them for a full refund, less ship- 
ping. MFJ's full one-year unconditional guaran- 
tee covers all products. 

To order or request additional information, 
contact MFJ Enterprises. Inc., P.O. Box 494. 
Mississippi State, Mississippi 39762. 

Circle C301 on Reader Service Card. 

digital voice recorder 
Advanced Computer Controls, Inc., has an. 

nounced its new Digital Voice Recorder, which 
provides remoteaudio record and playback capa- 
bility for voice repeaters. The DVR allows the 
repeater owner to remotely record any of the 
repeater's programmable messages - IDS, tail 
messages, emergency autodial responses, alarms, 
courtesy tones, etc. In addition, its touchtone- 
activatedvoicemailbox lets usersleave recorded 
messages for others. 

The DVR's direct digital recording technique 
offersa high-quality audio modeaswellas twoad- 
ditional quality level modes designed to conserve 
memory and extend recording time. 

The DVR usesup to32inexpensive64K or256K 
dynamic RAM chips and is available with one. 
two, orthreeindependent recordlplayback chaw 
nels, which means that one DVR can service up 
to three repeatersat onesite, or two repeatersand 
the phone line. 

The DVR isavailable from $849 (manual alone. 
$5postpaid). For additional information, contact 
Advanced Computer Controls, Inc., 10816 North- 
ridge Square, Cupertino. California 95014. 

Circle C302 on Reader Service Card. 

Butteworth design pro- 
gram for I B M  PC and 
compatibles 

Etron RF Enterprises has released the third in 
their series of PC-DOS programs for designing 
RF circuitry. RF Notes Number 3, Volume 1 
covers low-pass, high-pass, bandpass and band- 
reject Butterworth filters. Each of the four pro- 
grams outputs both graphical response curves 
and schematic diagrams. 

Written in BASIC A, the programs are avail- 
able in both monochrome and color versions for 

plug-in encoder-decoder 
for RCAITACTEC TAC-200 

Communications Specialists. Inc. of Orange. 
California has just introduced a direct plug-in 
encoder-decoder for the RCAITACTEC TAC- 
200 and VEETAC mobiles. The TS-32TAC. 
based on the proven TS-32, is available in two 
versions: the TS-32TAC-1 will encode and de- 
code one tone only, while the TS-32TAC.2 will 
either encode and decode two tones, or encode 
one tone and decode a different tone. 

Both versions of the TS-32TAC plug directly 
into the host radio without any modifications to 
the tone board or the radio, to allow for econom- 
ical installation and removal. 

The TS.32TAC is available for immediate ship- 
ment and comes complete with a one-year war- 
ranty. Prices are $78.26 for the TS-32TAC-1 
single tone unit and $82.92 for the TS.32TAC-2 
two-tone board. 

A catalog is available on request. For infor- 
mation, contact Communications Specialists, 
Inc.. 426 West Taft Avenue, Orange. California 
92665. 

Circle 1304 on Reader Service Card. 

ham upgrade cassettes 
and books 

Gordon West's Radio School has produced 
a four-cassette stereo theory course entitled 
"Tapes'N Books Theory Course." Each course 
contains four long-play, stereo theory tapes plus 
a fully illustrated textbook and the ARRL's FCC 
Rule Book. Theory cassette courses are avail- 
able for all grades of amateur radio licensing. 

The course contains the questions and an- 
swers to be found on any Amateur Radio exami- 
nation, as well as the "sounds" of Amateur 
Radio. You can actually hear the difference be- 
tween a properly adjusted speech processor and 
the effects of overmodulation, for example. You 
can hear the difference between AMTOR, 
ASCII, and BAUDOT. You'll tune into actual 
ham radio transmissions, and actually hear the 
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SALE PRICE 

L~st  Price 49 

KNOW THE TIME 
ANYWHERE - EVERYWHERE - INSTANTLY 

12124 HOIII Itme Plecr 
fay lo read local time In cttles arwnd the world 
Rvallahle In smokrd acrylic or dear stand 
Davl~ohtlN~ahn~ma shown m 24-hr d~al 

no1 lncludcd 

ORDERS ONLY CALL 

1-600-835-2246 ExI. 216 
FOR INFO CALL 18131 442-5862 

fhrlda rscdnli nM 5 Rar add 'ZW Im sh~glq 

1/ 121 
bnmcu~.ana ar 

GIN( 'IN1 1{1 I I )I N ( :\RI~LS 
ll,.l,l,.~~# \l,l # .d~>'K,>ll l c u l ' , ~ ~ ~ ~ ,  ~ l q ~ ' , # ~ l r t n x %  

1,1111 V l . l l  5111. I,, !'I 

ll!,,- V l  , !I I ILV t  , I #  -111 

1 
l ! l  K , ,  I-!" , , <i 

II1I' K(,II 1.lr> I 2  1.1 " , I \  1111 1 -  I - 
\ ,111 ll,,.,,#,l I <,,,",.l !IS,. 

1 ,,. , I , \  , 1..,,,.,1,. 1 I!.,\.,. l l l C 1 l l " l  , 10 
1 l .  111, \ 1'!1,$1,,l'lII I.'. h 

. . 
I ( )  

I ( . H I  \ I L ~ ~ L I I ~ I ' I I I  l l l l l ~  I! >ID 
I ,  2 . 8  ,111 ,1.,1<.~.,1,1,~1.1111.11\1.1 1 t 1 ,  

1'1 i "  I I,, ".,1,1.1<11111!~.1 1111 2 ( " 1  
I (,  I .l Ka.sl%~~ v t  l < l t  VI, ~!II.IIIII. / I  

I.,. I-,, V l l l i l l I I  1111 h'i, :,1 \11111\ 1; 
1'1, 1111 I t \< l'lt,<!<a$ R l .  ,ll 2 I Y I  
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1 ', . /,,,I 1% I,,, 1'111,: 1111 \11!11\ 11111.11 1 '.11 

, I .  I,., .I, I,,, 11.,,11 111.1 1.111.11 11. I c .  
R gauge hook-up wire 2RC/ft. 

@ per4~, 8 tl.r power rupplarr lrd or 81a'konlr 
C O M P I  I II 5 1 0 C k  \*MI DAY IHIPPINC. \ 

\,.III Ill,,tn.n I I "  2.1 I~o~ l r  \I,1I11111( IOL k 
K I , ,  ,. I'I 1111 
\,,,, ,,,,I, * ? I 1  > 

201-RW-6424 
110-4 Route 10 i E. Hanover. N.1. 0 7 9 6  

SATELLITE 
DECODER MANUAL 

Revt?~Is iiciw .'!(.~::,lls u r v  i ' ,  , :y F'Pl~re 

Three different types used 
detailed/ schemcrtics 
digital crudio processers 
enor correction & filtering 

100 pages bound.. . $24.95. 

NEW l N i Y  X TASY KI'lS r11OM SL.Oi)'i 
AS:l:~rlRI.l:ii R1:kI.Y T(3 i . 3  FI13M I: '3% 
,a71!.[? Y,'T,r; , ~ > [  ,7c<:,3:>f:p : >,sw',\l!AR! F 

ii-iiI:!n 4 r! -.: *r H MI%: : 4L'.:<::~llr:.i 
: , i  :,:J :,", :!~.Jll!:;';~.. !.<,\:F.: 

SEND $5 FOR INTORLUTION CAT- 

Pilgrim Video Products 
P 0 Box 3325 H 

Plymouth Ctr.. MA 02361 
# 123 

difference between long-path and short-path 
communications. 

Included with the theory cassettes are code 
test preparation sample QSO's. These sample 
CW QSO's will assist you in preparation for any 
code test that may be pan of your upgrade. Also 
included with this course is the FCC test ques- 
tions syllabus, with updates; a copy of the new 
Form 610: a sample VEC-type theory examina- 
tion: and all necessary FCC and VEC forms. 

All courses are $19.95 plus $5.00 for first class. 
same.day. postage, handling, and mailing. 

For more information,contact Gordon West 
Radio School. 2414 College Drive, Costa Mesa. 
California 92626: 

Circle 1305 on Reader Service Card. 

repair or build antennas 
- with ease 

At last thcrc's n brazing rod for aluminum with 
a low melting point of only 732 degrees. All that's 
needed for easy antenna construction or repair 
is a hand-held propane torch, a good wire brush. 
and a supply of M.S.S. Wonder Rods. Only 
three simple steps are necessary: I1 I clean the 
area to be welded with wire brush: 121 heat the 
area to be welded until the rod flows. scrubbing 
with the wire brush; and (31 heat the area again 
until the rod flows. fill it in, and let it cool. 

In buildinq or repairing antennas. you can elim- 
inate high-resistance joints and the need for 
clamps by welding. Antenna elements damaged 
by wind or sleet can be straightened; kinks or 
cracks can simply be filled in. 

Other uses for M.S.S. Wonder Rods include 
welding copper to aluminum (as in a matching 
networkl, repairing or plugging holes in alum- 
inum panels, repairing Iioles in aluminum boats. 
or repairing most of the pans of your alternator. 
Other metals you can weld with Wonder Rods 
include copper, brass, galvanized steel, and 
white metal. 

A kit containing Wonder Rods and a stainless 
steel brush is available for $19.95. which includes 
tax and postage. For details. contact M.S.S. 
Wonder Rods. N3401 Castle Road, Medford. 
Wisconsin W 5 1 .  

Circle 1306 on Reader Service Card. 

"clamp-on" RF choke 
suppresses interference 

EMC Datacare's D910 series of clip-on chokes 
are said to greatly reduce interference when 
they're clamped onto interconnecting cables of 
various types of electronic systems. For exam- 
ple, installing them between the various parts 
- external drives, monitors. and printers - of 

a computer system provides significant reduc 
tion of any computer-caused RFI problems. 

The chokes clamp onto cables up l o  0.4 incl 
in diameter. A professional kit (D9181, designec 
to protect up to eight cables. is available. 

For details, contact EMC Datacare Ltd.. Powe 
Court. Luton, Bedfordshire, LUl  3JJ. England 

Circle 1307 on Reader Service Card. 

packet switch allows 
instant change from 1200 
to 300 baud operation 

Amateur Packet Alaska has announced th 
availabil~ty of its TNC VHFIHF Switch Kit. It 
all.CMOS logic assembly quickly changes criti 
cal filter and timing components in the TAPR 
AEA. MFJ. Heath and Pac-corn TNCs to op 
timize the on-board modem for HF or VHF use 

The easy-to-build kit installs easily inside thf 
TNC's case. Complete step.by-step instruction 
are included: construction should be complet, 
in just one hour. 

The APA VHFIHF Switch is available for $30 
which includes airmail postage. As an all 
volunteer organization. APA is unable to accep 
telephone or credit card orders. Bu 
you can write to them for more information - 
or to place an order - at AX.25 Communica 
tions Trail. Ester,. Alaska 99725. 

Circle 1308 on Reader Service Card. 

heat-powered "battery" 
A unique electrical generator has been deve 

oped and is being marketed by Ovonic Thermol 
lectric Company, a division of Energy Conve, 
sion Devices. Inc. This compact, lightweigh' 
silent, solid-state generator obtains its energ 
from any convenient source of heat an 
produces up to 6 watts of DC power at 9 voll 
and up to 5 watts at 6 or 12 volts. Accordin 
to Ovonic. it can be thought of as a hea 
powered battery that never needs rechargins 

Designated CSG (Compact Silent Generator 
it can serve either as a primary source of powt 
or as a backup or emergency power source, an 
can power portable televisions. radios, lamp! 
fans, pumps or other light electrical loads. It ca 
also be used with an accessory to recharge ba 
teries. 

Campers can operate the CSG on camp stove 
or set it on a grate over a campfire. Boaters an 
operators of recreational vehicles can use it o 
the galley stove. In homes and cottagr 



TMULTI-BAND SLOPERSl 
TELEWAVE'S "PROBLEM SOLVERS" 

8Mxe onlnllwtm r d d  Ollglnal MICRO RTPFATFR CONTROL 
anrte tsaturrn ~n OSI 0% 1983 

. Irr, L W  It, MC.\W<*... . Ilpcor~lq~~rahk. COR lnplA . ilnn 01,1 I.nx,, . I,*],> Curred PT I  lhlerlarc 
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8 . ' In,"wr I**?> . :;,,<. ,, 5'' r ',,. , . *~1111.,1" 111/111., . *#I OIItI IPClOli  IR:ll,ml 

RPT.21 Ki I  Only $129 plus S3 W shlpplnp 

PROCESSOR CONCEPTS 
P 0 BOX 37908 
MINNEAPOLIS. MN55432 

* 
(61 21 780 0472 7pm-10pm evertongs = 

CALL OR WRITE FOR FREE CATALOG AND SPECIFICAIIlltJS 
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SERVICE CENTER 
for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lic 

Mon-Fri 10:OO-4:00 pm 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 
23332 58th Ave. West 

Mountlake Terrace. Wa 98043 = a C.O D.S. Welcome 
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Transmitter Combiners Receiver Multicouplers 
Monitor Equipment Test Equipment Ferrite 
lsolators and Terminations High Q Cavities 

and Filters Duplexers Systems Engineering 

... L... 
Bandpass. Pass-Reject 
8 Notch Cavity Filters 

t  t  .., 0 6  1 
I t  . a:. , - .- i t ; . .  ' I  : IM Suppression Panels 

Receiver Multicoupling 

CT;- >.=\ Y TJrr.n -J 

R.F. Power Monttortng .r ' ' 1 Duplexers 8 Preselectors 

4 b  

1 GSA Nmba, 00K88AGS0616 

Inc. 
(41 5) 968-4400 

Y 
1155 Terra Bella Ave., Mountain View, CA 94043 

m Cenada - contact Talewave L l d .  11151 Horseshoe Way +4 

Rbchmond. B C  Canada V7A4S5 (804) 274-8300 

MORSE CODE the essential language 
by L. Peler Caron W30KV 
Leain~nq Ihs M o r ~ e  code ~ s o n e  o l  the mom dtlltcult tasks lac. 
Ing prospective nt!w Amaleurs T h ~ s  well wrlnen lex l  describes 
In great delall the bdckqround h~story  o l  Morse sode and how 11 
relates l o  Arnaleur Rad~u  Full ol helplul hlnts and ltps as well 
as lnlo on equlprnenl htgh speed operation, dtstress calls and 

Softbound $4.95 

Please enclose $3.50 lor shipplng 
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I I GIVES YOU MORE CHOICES 
W Q L ?  I I PUlr2eP I 

. ri.o Irb4.W LLL" r,r,vr ndm1orr 
Terminal bnvd rnfrr 300 12m 24W.llM.%W . wo*,nm my ils 232 lrlmioriar c o w l s f  . Rutlev DIC*UDIOI 1 6 ~  Rnblmamow 

C M O S d r a n m  135ms ~rrp). NMOSlSana lWt . WDlid riandar0 TAP" ylllwalornmmamm! 
A X  25Ynrrmm 2 srol-l luI~,mPdumonlM 

CMQS Wma 
&LS1Cn*MdamTOsIBd 1 2 1 1 8 1  l l l P n 5  
Full Kll wlh caM*nol SlR195 5151 15 

Packet Tvnlw Indicolo? HI U M e m  . S ~ n ~ i a  ws$! h l ton  sclrclmun ol H i  \'Hl . L T I W B  bandpal, ,,#I*< " s p l  m01 In OiiM 
20 scpmenl tnd LED Dai graph disCq . lnlainsl TAPR Omqn m d r m  . P D W O ~  a r ~ l c h  unt80Is mln Pi"  arxl THC . Wo*% *.<IN ~ n y  TAPR TNC I I TNC 2 dona . c.e,nej~, mrtrnar TNC 200 eosmn . ~nnu~vai~on 15 ~ f m p l a  nn6 mnranjnnl 

,..smblsd and l..IM s 1 4 9 . 9 5  
Full Kit and CIblnnI S 1 1 4 . 9 5  

Terminal Sof I ra?o lor MrClnlOsl! 
P u l l  lo*" "<,nu'. '.,,'.I <<rc.vi. 

* , ~ h  anl .,,if' .,- oc inn . *on* dDlperlcl ,ou,nr, lohi.5 . Flh "0b.d and mxnioail and M r .  

- 

D".l Per, Pack.! C ~ n l r o l C  . DYI~ Po" TNC on a hall r,:n rn'd . Llie Wl!n your PC or conlpal8bie . TNC solt*a,a 8nCtudCd I! 
Dual lDO' l200  hlQn p?rlolmancn modem5 
P$w15nn, lor ngll S p M  arlrmal mMI,m . "re as N",*o,l Con,ro,a,. GJ,"*W. rlr 

A...mblsd am 4s.t.a S 3 8 9  9 5  
rut8 LII. ~ r o m  

I 
ORDER TOLL.FREE Soles and Technical lnlarrnat~an Call 
800-835-2246 ex1 115 ~ e a & r w r l e r * a m m a  813689.3523 

SEND FOR OUR FREECAlA lW FREESMP~NO INCOMINEWAL  US^ 

I P ( U S ~ O U R K I U I E ~ P R D S R h V  nordo amasses mu10 add S'isala us 

PAC-COMM PACKET RADIO SYSTEMS. INC. 
4040 W KFNNEDV BLVD TAMPA FL 33609 

Ovc2i 8 000 ' i ~ l i l  \ ~ r t c  r l'Ii6 
0 5 200 MHI bdndw~dth 
19 dB gain 
50 5 2  tnioutput 
Increase sensftlvlly of recetvers or 
counters 
Bu~lt, tested & ready-to-go 

ONLY $9.95 PPD 

Measures frequency lrom 
MHz to withtn I kHz 

Built-in telescoping 
antenna 

, Uses 1 standard 
9 volt battery 

All units pre-tested and 
calibrated to .001% 

Professional and dependal~ii, pt!rloi- 
mance at a low cost 

ONLY $49.95 PPD 

BRAND NEW!! JUST RELEASED!! 
Explore the world of 

'-" THE RADIO AVATEUR'S ~j~~~~~~~  communication^ 
One of Amateur Radio's last fron- 

CoMMUN'CAT'ONS tiers is the microwave region.This Nr)HOOK 

I N I . R \ & I .  L I I \ F l  
book is the first available to give 
this ever expanding area of Ama- 
teurcommunications uniquetreat- 
ment. Areas covered include: com- - municationsequipmentfor 1.2,2.3 
and 10 GHz, networking and data 
packeting concepts with special at- 
tention to 24 GHz systems, design 
parameters, rf and environmental 
considerations and system design 
suggestionsfor future growth and 

:: modification, projects and much 
more. You also get information on 
TVRO and MDS systems with sug- 

~ h d  Radio Amateur's gestions and ideas on how to build 

MICROWAVE your own. 1985 184 pages 1 st 
Edition. 

COMMUNICATIONS I-i T-1594 Softbound $12.95 

Handbook Please add $3.50 torsh~pptngand handltng 

by Dave Ingram, K4TWJ Ham Radio's Bookstore 
Greenvills, NH 03048 

This publication is 
available in microform 

from University 

Please wncl ~nfarrnnttc>n nlwul lhnre l~tlen. 

Nerne. 

Compi~n!~llmsl!tulb#~n 

p~ - 

Address - . 

c,tv . - 

Stalp - . Zip-- 

Phunv !- .-] 

CIIU loU.frv+. Am.521.3044 In S l~rh l~nn.  
Al;asL,$ and t i . w i u ~ #  ?all co l l r~r l  .11:1-761-4700 0 1  
mnll mrlu#r\ It1 Llnlvrrr#lv \lbr-n,hlmx Int~rnatlonml. 
:I00 Hcnrlh 7~-t,l> Hua<l. Ann Arlx lr .  A l l  18106. 

Q SUMMER A SUNSPOTS 
SALE! 

SAVE $700 

COMPUTERIZE0 DX EDGE 
Generate your own Greyline display. 
Xantek has adapted their best selling DX 
Edge to the computer world and it 
comes at a very reasonable price. This 
computerized operating aid brings into 
your ham shack the ability to know and 
predict when and where DX is going to 
appear. When you are using the pro- 
gram, the computer will automatically 
update the information as the sun 
progresses across the face of the Earth. 
To make the computerized DX Edge even 
easier to use, the display is keyed to the 
DXCC list and the 40 CO zones. Disk and 
documentation included. This is some- 
thing you've Got to have! 1985. 

XN-C64 (For Commodore C-64) REG 34.95 

Now JUST $27.95 m' / 
I'lrase add $3 50 lur poslage and lhandl~llit 

ham radio.,., BOOKSTORE 
GREENVILLE, NH 03048 



equipped with wood stoves, the CSG can be 
placed directly on the stove to produce electric- 
ity. In homes' it can also provide emergency 
power from a gas stove or can of  stern^'^. 

For information, contact Energy Conversion 
Devices. 1864 Northwood, Troy, Michigan 
48084. 

Circle 13W on Reader Service Card. 

Monitoring Times merges 
with lnternational Radio 

Bob Grove. Editor of Monitor~ng Tunes, and 
Larry Miller, Editor of International Radto lfor- 
merly Shortwave Guide), have announced plans 
to combine their publications into a single 
operation. 

Monitoring Times, now in its fifth year of pub- 
lication, has grown steadily, earning a worldwide 
reputation for accuracy, timely reporting, and 
journalistic integrity. lnternational Radio has simi- 
larly earned a reputation for in-depth interviews 
of broadcasting personalities, up-to-the-minute 
time and frequency schedules, and program 
details. 

The expanded 60-page tabloid will be the 
largest periodical in the monitoring industry. 
featuring authoritative content and improved 
printing from a new laser printer on heavier 

paper. 
A year's subscription to the new Monitoring 

Times will be only $14. Discounts are available 
for two- and three-year subscriptions, quantity 
orders for resale, and educational institutions. 

For more information on domestic or foreign 
subscriptions, contact Monitoring Times at 140 
Dog Branch Road, P.O. Box 98. Brasstown, 
North Carolina 28902. 

Circle n10 on Reader Service Card. 

160-meter vertical 
Oak Hills Research has announced its new 

DX-60V 160~metervertical antenna, a folded de- 
sign that measures 160feet overall, with 120 feet 
of wire. The DX-60V can be installed in a tree, on 
a tower, in either a slanted or vertical position. It 
will be handle the full legal limit and hasa typical 
bandwidth of 110 kHz between2.1 SWR points. 
High-~mpact polystrene coil framesand spreaders 
are used to prevent breakage in high winds and 
cold weather. Tapping the loading coil at two 
pointsandswitching between them will give band 
coverage. In order to achieve maximum perfor- 
mance. Oak Hillswarns that it's imperative to have 
a ground system. Several suggestions are provid. 
ed in the maufacturer's literature. 

For more details, contact Oak Hills Research. 
4961 North Douglas Road. Luther, Michigan 
49656. 

Circle 1311 on Reader Service Card. 

I I 
I Don't buy from Hamtronics . . . , m 

I I 
I Unless yoa want the best possible equipment m 

I at the lowest possible price! ! ! I 
I I - 
I 
I The "wheeler-dealer" is back and he's beating 

everyone else's "deals." 
I 

I We all know there's no such thing as a free lunch . . . 
I - so How Can We Do This? - I We don't run alot of ads featuring sale items - We don't spend alot of money on full page ads - - We don't have sales on just the fastest selling 
- products - - We don't short cut you on service. We are a factory 
- warranty repair facility for everything we sell! 
- We don't mail out free catalogs 

We don't have a free WATS number. 
- 
- You and every other Ham customer is paying for all 
- these do-dads and sales gimicks. - - Hamtronics puts the savings into your pocket. - - Hamtronics guarantees to meet or beat any advertised 
-- price on every item we sell. 
9 - 
I Hamtronics Has It All! 
I I 

I Let Hamtrodcs be your Ham Radio equipment dealer. I 
We're celebrating our 35th year in the Ham business m 

m at the same location. I 
I I 

I I 

A DIVISION OF TREVOSE ELECTRONICS I 
I : 4033 BROWNSVILLE RD., TREVOSE, PA 19047 - 

1 (2 15) 357- 1400 I 

PACKET 
PRIMERS 
BUY 'EM BOTH SPECIAL 
REG 27.90 NOW 24.95 
SAVE OVER 10°/o 

Please enclose $3.50 shipping and 

ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 
Pioneer Paoen on Packet Radlo 1981-1985 
T111\ co1lecl;ioilol Packet Rad~o papers should be in every 
Packet enllitlslasts stlackt Wrltten durlnq the lormulatlveyears 
01 P;~cket drvelnpmenl. these papers (too numerous to men- 
tlon them all) cover theory. pract~cal appl~callons. prOIOCCIS, 
soltware and hardware sublects You also get a COmplCle up. 
to date collcctlnn o l  all puhllshed tiali.way .the ARRL Pack- 
et Radlo newslrtter As h~g ,is the ARHl HANDBOOK, this new 
book IS sure l o  hr the ARRL's next he51 seller' 1985 over 
l O O O  pages 

AR-CNC Sofibound 117.95 

5th COMPUTER NETWORKING 
CONFERENCEPAPERS 
Murr i l i l r i r l t l a l l r t r ~  Irrll!l AHIiL and others on the ex~lodlnq l~eld 
nf P,!ckel c01111nontcal1ar1\ Full 01 the all the latesl trends 
Ideas an0 ~lllr~rlllallorl 1986 

ham - AR-CNCS Sonbound $9.95 

~ ~ ~ I o = J ~ B O O K S T O R E  oreenviiie, NH 0 3 o ~ j  



flea market 
ALABAMA: The H~ntsv~l le  Hamfest. Alabama s largest Satur 
aav and Sunday, August 16 and 17 Von Braun C~vtc Cmter. 
H~ntsv~lle hoadmlsslon charge. Exh~b~ts, f o r ~ m s  ARRL booth 

ATTENTION AMATEURS Send for Freed~sco~~ntcatalog. Am- 
ateur Communications. 2317 Vance Jackson, San Antonio, TX 
78213 (513) 734-7793. 

~ 

NYEAntennaTunerMB-IV. Nearperfectcond. $250. FOB WlCPI. 
789~1817. 

Alsonon-hamactivities. ~lr-conditioned indoor flea market. Re- 
served tables$8lday. Walkin CAVEC examsgivenat the Hunts- 
ville HS cafeteria beginning9AM Saturday. Toursof the Alabama 
Space8 Rocket Center available. Alimited number of camps~tes 
w ~ t h  hookupsavailableat the VBCC. Talk in on 34/94. For more 
~nformation' Huntsville Hamfest. 2804 S. Memorial Parkway, 
Huntsville. AL 35801. 

OHIO: The Lancaster and Fairfleld County Amateur Rad~o Club's 
annual Hamfest. Sunday. August 10. Fairfield County Falr~ 
grounds. Lancaster 8 AM to4PM. Admission $3.00advance or 
$4.00at thedoor. Limited tablesat $4.00each advance: $5 00at 
door or bring your own. Table space $3.00 advance or $4 00 at 
door. Plentyof parking. Refreshmentsavailableallday For more 
informat~on write Box 3. Lancaster. Ohio 43130 

LOW FREQUENCY Knlght SIR recelver 200 kHz 30 MHz $55 
RCA 308 B fteld lntensttv meter 120 Hz 1 8 MHz $150 HP 310A 
ware on,tlyzt~r re(etber 1 kHz 1 5Mrlz5175 hPO l00D L F Sldfl 
ctdrd 10 H, 1 MHz has 2 scopp $85 rlP 202C L F osc~llator 1 
141 10) kHz $45 Trade for FT 757GX or TS 430s I(6KZT 2255 
Alexander. Los Osos, CA 93402 

-- - 
BEAM HEADING CHART, 10 page report In b~nder with 9 data 
fields calculated from your exact QTH to over 540 OX locations. 
$9.95 from John Daley. KB6JGH. PO Box 4794. San Jose. CA 
95150 

-- ~ 

8877VHFAMP KITS: HVpower supplies. CXGWN relays, MuTek 
L.TDf~ont end boardsfor lC251/IC271, EMEnewsletter andQRO 
parts. SASEfor newcatalog. KB7Q. "0" Products. 417Stauda~ 
her Street, Boreman. MT 59715 

RATES Noncommercial ads 10B per word; 
commercial ads 60@ per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

ILLINOIS: Ttte Hamft:sters Raano C ub !s sponsormy tht  r 52no 
Hamfest. Sunday. Augdst 10 Sar~ta FP Park. 91st andwolf Roaa 
WI low Spr r~gs (nrar Ch~cagor Gatesopen6AM Free parrang 
Vendors. ARRL and FCC tables. Refreshments available at 
reasonable prices. Tlckets $3.00 donation advance. $4.00  dona^ 
tion at gate. For advance tickets send check and SASE to  ham^ 
festers Radio Club. PO Box42792. Chicago. IL€QS42. For general 
information call 13121 598-4802. 

ELECTRON TUBES: Rad~o. TV b Industr~al Types Huge lnven~ 
tory. Send for 80% off tube listing Call Toll Free (8001 221~5802 
or wrlte Box HR. Transleteronic Irc . 136539th Street Brooklvn. 

- 

OHIO: The 12thannual Hallof Fame Hamfest. August 10, present 
ed bv the Tusco ARC W8ZX and the Canton ARC WEAL CIRCUIT BOARDS, kits, andassernbl~esfor QSTarticles. For tnfo 

SASE to. A 8 A  Engineering. 7970Orchid Drive, Buena Park. CA 
90620 (7141 5214160 

Nnm sh~lorn Grange 6461 Easton Street Lo, sv Ile Reg~\trat.or~ 
$2 50aavance $3 00atthegate Reserved tablesdvallable$5 00 
each Dradllne8 1 86 Larqe flea market forums and p~unty of 
good food Moo~lrcheck lnon 146 52 52and 147 72 12 For ~n 
formot#on T~sco  ARC PO Box 725 New Ph~ladelphla OH 44663 

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 of 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. 

MICROWAVE VCO's Watklns~Johnson V901, 3.6 GHz to 5.0 
GHZ. $40 postpatd. Stan Bode, 2248 Lockwooti. Carrollton. TX 
75007 

NEW YORK: Electronics Extravaganza sponsored by the Putnam -- 

RTTY JOURNAL-Now in our34th year Join thecircleof RTTY 
Irlencls from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOUR- 
NAL, 9085 La Casita Ave., Fountain Valley, CA 92708. 

- -- 

Emergency Amateur Repeater ~ e a g ~ e  Saturday. August 16 J F 
Kennedy Elementary School Brewster 9AM lo4 PM Aam8ss~on 
$3 00 Ch~ldren under 12 free wltn aault Food dnd refreshments 
available. Indoor tables, with one admission, $10.00. Tailgating 
$5.00. FCCexams. Limited walkins. Talk m on 144.5351145.135, 
For table reservations or information: R. Dillon. NPEFA. RFD 7. 
Noel Court. Brewster. NY 10509. 

THEGOODSAMHAMSI~VI~~R~ operatorstocncck ntheGooa 
Sam llan~net 14 240Surldays 14X)Zalso3 880 T~~esdavsat23.%Z 
Ner c~r t~rro l  N5BON. Clarksville I N  

WYOMING: ARRL Rocky Mountain Division Convention and 5th 
annual WlMU Hamfest, August 1.2and3, Virginian Motel. Jack- IMRA. International Mission Radio Assoc~ation helm missionaries 

Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM Eastern. 
Eight hundred Amateursin40countries Brother Frey. 1 Pryer  man^ 
or Rodd, Larchmont, New York 10538. 

son Hole. Offerina thescenicbeautvof ~ellowsoneand Teton Na- 
t~onal Pairs ~reai fnshln~ horsebackr~d~ng raft r~deson tneSnake 
Rtver Fun for tneenr refam~lyl For rnoretnformat~on George Sle 
91.1 130 E 17th Street Idaho Facls D 83401 Telephone 12081 
523 7433 

- 
RUBBER STAMPS: 3linesS4 SO PPD. Sendcheck or MOto G.L. 
Pierce,. 5521 B~rkdale Way, San Dirgo, CA92117. SASE bringsin- 
formation PENNSYLVANIA: W3PIE, the Uniontown Amateur Radio Club's 

37th annual Gabfest. Saturday, September 6. Club Grounds. 
Old Pittsburgh Road. Uniontown. 50 miles south of Pittsburgh. 
Free parking, freecoffee, free Swap b Shopsetup with registra- 
tlon at $3.00 each or 2/$5.00. Talk in on 147.645-,045 and 

EIMAC4CX1000A 8168tube, or.rndnen $275 SASEfor 1st of 
~:lect~on I .  romponcnts ar~d rwnp..ter year Dawd Roscoe 
WIDWZ.49Cedar. EasrBf~age*v.~ter. MA0233316171378-3619 

DX ANTENNAS FOR 160-10 METERS. Small size. broadband, 
hlgh performance. Also, antenna parts, Beverage ~nsulators, wire 
andcable. Lowpr~cesandfastservice SASEforcatalog. WlFB. 
Oak Hills Research. POB 250, Luther. MI 49656. 

-~ -- 

KENWOOD 520s $150.00 Needs repairs. Send SASE for details. 
Ken Hand. WBZEUF, Box 708. East Hampton. NY 11937 

144 57 17 For l~rtherlnformat~on UARCGabfest Commlneec o 
John T Cermak WB3DOD PO Box43 Republac PA 1-75 14121 
246 2870 

WANTED: Sma I1  KW lonear s ~ < : l ~  as Dentron GLA-lOW, heath 
SB-2IX) or Yaes~ FL-2100B. Rob Fronnt! KL7hA. 1320 Palmer 
Or ve P311. West Lafayette. I h  41906-1815 13171463.2305 

PENNSYLVANIA: The Central PA Repeater Association'sannual 
Electronic ExhibitlHamlComputerfest, August24. Penn Harrislnn 
and Convention Center Rts 11 and 15. Camp Hill. Gatesopen8AM. 
Admission $4.00. XYL'sand children 12and under free. Indoor air- 
conditioned exhibit area. Larae outdoor tailoatina area. Various 

-- - -  

DlSCOUNTCATVCONVERTERSlDECODERSand V~deo ac- CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C 8 0 Electronics. PO Box 
1402, Dept. HR. Hope. AR 71801. 

- - 

ELECTRONIC DESIGN ex~erienced In RF. Audio. and 

cessorles. Send for free informat~on and Drlces- it couldsavevou 
BIG MONEY on your next p~rrchdse o i  these. and other CATV 
,terns Easy Ve*. thRl PO Box 721. A#l!ngtor~ He~yhts, llllno~s 
6000F 13121 952 8504. ASK for Anlay Valent rle seminars. ~mateurlicenseexaksstanina9~h. ~oodand refresh- 

mentsava~lable Talk In on 145 47and 746 52 slmplex For ~nfor 
matlon and reservations Paul McDonnell h3BKI. 1207Apple 
Drlve Mechan~csburg. PA 17055 17171697 1880112noon to8PMI 

Microprocessors. Complete labbratory and faolit~es. John Battle 
8 Assoc~ates. 1000 South Peachtree #101. Norcross. Georgia 
30071. 1404) 449-8536. 

ELECTRON TUBES: Receiving, transmitttng, microwave ... all 
typesavailable. Largestock. Next day delivery, mostcases. Daily 
Electronics. PO Box 5029. Comoton. CA90224. (213) 774-1255. 

INDIANA: The9thannual Bloomtngton Hamfest, Sunday, August 
31,2335Vernal Pike, the 147.781.18repeatersite. 8 A M  to2PM. 
Admission $2.M). Food concession. No charge for setups but bring 
own tables. FCC VEexams contact K9PS for details. For Hamfest 
information please SASEto BobMyers. K9KTH. 306s. Fatrview 
St , Bloomtngton, IN47401 or call (8121 332-1105 

MAINE: ARRL sanctioned Windsor Hamfest, sponsored by the 
Augusta Emergency Amateur Radio Unit, September 6, Wlndsor 
Fairgrounds. Flea market, programs, speakers, commercial d l s~  
tributorsand thetraditional Saturday beanandcasserolesupper 
Gate donation $1 .W. Camping $3.00 per night or $5.00 for two 
nights. Talk in on 146.22182repeater. For more Information: Dot. 
WlTGY and Phil, WIJTH, Young.47LongwoodAvenue. Augus- 
ta. ME 04330. 1207) 622-1385. 

-- 
CUSTOM MADE EMBROIDERED PATCHES. Any sae, shape. 
colors. F~vepatchminimum. Freesample, pricesandordering in- 
formation. He~nSpecialties, Inc.. Dept301.4202N. Drake. Chica- 
go. I1 ECti18. 

YAESU OWNERS: Hundredsof modificationsand improvements 
for your 119. Select the best from fourteen years of genuine top- 
rated Fox-Tango Newsletters by using our new Comprehensive 
Index. Onlv $4 post~aid with Rebate Certificate creditable toward 
hewsletrr;9p.:rct~;sss Inr ~~~l~.sfamo~rsFc,x TarlgoGrrr!>4hrrl 
and Fllter ~rllorntatnon for your tog I f f  spec#f#edl Irr4ML. FTC Box 
15944 W Palm Beach. FL 33416 Tclepho~~r 13051 683-9%1 

-- 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Waltrrr. 2697 Nickel, San Pablo, CA 94806. 

I 
Foreign Subscription Agents 

for Ham Radio Magazine 
Ham Radm Aurtrla Canada 
Ksrm Ueber 
PosIta~h 2454 

Send orders to 
Ham Radlo Magazine 

D 7850 Lmrrach Greenvllle NH 03048 USA 
West Germany Prlces 8n Canadlan funds 
Ham Rado Belgbum 1 yr $29 95 2 yrs $53 30 

S l e l e ~ h o ~ ~ e  
3 yrs $75 40 

Brusselsesteenweg 416 
8 9218 Genl 
Belgtum Ham Rsdm Italy 
Ham Radio Holland VIB Manla 0 15 
Postbus 413 120134 ~ k n o  
NL 78W Ar Emmen ttsly 
Holland 
Ham Radlo Europe 
Box 2084 Ham Radio Sw8lzerland 
S 194 02 Upplands Vasby Karln Ueber 
Sweden Portlach 2454 

D 7850 Loerrach 
Ham Radio France We31 Germany 
SM Electronic 
20 b8s Ave des Clarlonr 
F 890MI Auxerre 
Frame Ham Radlo England 
Ham Radlo Germany 

clo R S G 8 

Karon Ueber 
Alma House 

Cranborne Road 
P0111a~h 2454 Potlers Bar 
D 7850 Lmrrach 
West Ge~many 

Hens EN6 U W  
England 

CABLE TV CONVERTERSIDESCRAMBLERS. Guaranteed 
lowec,t prlcrs In J S  Jerrold H.lrnl#n Zennth Many others 
Lowest aeaaer pr~cesl Orders sh~pped wtthln 24 hourst Mastercard 
VISA CODaccepted FreeCata~oq ca 118001345 8927only Pa 
c~fic Cable Co.. Inc.. 7325-112 Reseda Blvd.#1015, Reseda. CA 

.. 

HAMMARLUND HX-BOA transm~tter and HQ-180A receiver. 
Good condition. Manualsincluded. $200. Mike Ryder, KA9N. 503 
South 5th Street, Oregon, IL 61061 

INDIANA: The Porter County Amateur Radio Club's Hamfest, Au- 
gust 3.49'er Drive-In Theater, State Road 49, Valparaiso. Gates 
open 8 AM. Admission $3.00 at gate. Talk in on 147.96/.36and 
.52s1mplex. For moreinformation: PCARC, PO Box 1782, Valparai- 
so. IN 46382. COLLINS OWNERS go modern. Solid state tube replacement for 

VFO. U301, 6AU6, in 75 series receivers. No n~odification. Just 
plug In. $9.00 each postpaid. Fast delivery. PO Box 641 17. Tuc- 
son. A285740~1117. 

-- . .~ 

CHASSlSandcabinet k~ts.  SASE K31WK. 5120HarmonyGrove 
Road. Dover. PA 17315. 

NEW JERSEY: The Ramapo Mountain Amateur Radio Club's 
10th annual Flea Market. August 23. Oakland Amerlcan Leg~on 
Hall. 65OakStreet. Oakland. 20milesfrom GW bridge. lndoorta- 
bles $6.50. Tailgating $3.00. Admission $1 .00. Non-ham family 
membersfree. Talk inon 147.491146.49and52. For informat~on: 
Tom Risseeuw. NZAAZ. 63 Page Drive, Oakland, NJ07436. Tel. 
337-8389 after 6 PM. 

INDIANA: Thelthannual Grant County Amateur RadioClubHam- 
fest. Sunday, August 10.4-H Fairgrounds, Marion. Doors open 
8 AM. Refreshments, free parking license exams. Donation $2.00 
advance; S3.Wgate. ForinformationIt~cketsSASEto: WB9EAP. 
Brooks Clark. 2202 South Boots Street, Marron. IN 46953. 

COMING EVENTS 
Activities - "Places to go . . ." 

THANK YOU! TCRA (Tri-County Rad~o Associattonl thanksallour 
customersand vendorswhomadeour May4. Stirling. NJ, Ham- 
fest a big success. We look forward to seeing you next year. 

MISSOURI: The St Chares ARC w~llsponsor Hamfest 86. Sun 
day Auyust 24 Blan~hette Park lNew S~tel. St Charles 7AM to 
2 30PM Freeadmlss~onandparklng Forumsand FCCllcenseex 
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amr at 10 AM $2.00 donalaon for lallgale flea 
markel Dealnr&come. Talkmnon 146 07167r~lllalerand 146 52 
nnlplsx. Conlac! Erc Koch. NFW. 2805 Wertm8nater. St 
Charler. MO53301. 13141S46 0948 

MINNESOTA: TheS1 Claud Amateur Rad~aClubHamlerl. Au 
""51 10. Lake George, St Cloud Dsplsvs, demonrlralnonrand 
warlnr T1~kt-ldonatmS3 00 Er!rattck~t $2 00 Snackcounter 
Toll 1n3494or,marv. 615~015recondaru Canlacl: SCARC. Box 

TENNESSEE The Lebanon Hsmlesl IWnsoreU Dv the Sholl 
Mo ,##a !I Hewale# CILII. Allgust 31, C~Ia rs01  Lebanon Slolp 
I'd!% J5231 rrtranon Oclldool l a c l l l # ~ ~ ~ o n l v  Erhah8Iorr Dlll,a 

own tables Food and drinks ~vall.ible Talk ~n on 
146 31 146 91. For more onfarmat8on Man, Almce Fannmg. 
KA4GSB. 4936 Oanbv D#ovo. Narhv8lle. TN 3721 1 

MICHIGAN: Senlember 14 L'AnseCreuse ARC willhave+rr 14th 

c.$ch Far lock& and lalrlc rrzsrrvallons SASE lo Maurice 
Sch~erecatte NRCEO. 15835TouratneCl. MI. Clemens. MI48044. 

MASSACHUSETTS: The Chelsea Cwfl Delensewll rpoma Am 
o!s!cnr Harl~o~~uPnmgclerrmat ChelreaH~ghSchoolstarllngSep 
1ornbt.r 11. 1986 lor those wnshtr>o lo ohtam a Nowce. 

- 

VIRGINIAWEST VIRGINIA: The Bluelleld Hamlest. rpansored 
by Ihr Easl Rwrr ARC Sunday. Augund24. Blushfotd Armory 
1 m,lr, norlhol Blurf~eld WV US 52 Admtubon $4 00 Choldren 
t~nrltr 17 I r e  L a r w  ~ d m r  fleamarket Amateur rado comoucer 

MICHIGAN: TheFtveCovnryannualSwap-N-Shop. Augurl24. 
Saqsnaw Cwic Center. Dowr o w n 8  AM. 6 A M  for dealers. Ad 
uanca. tck+ls$2 W 53.Mat lhrdmr.  Tables57 53Wlabler. Co- 
verpd trunk wles area $3 00 per car. Talk an an 147 84 24 and 
146 52 For tnlormal~oncall Don15171893 3475 Foradvancelck 
ctr .~t,d table rPservattons Five Counlv S w a ~  n Shot,. PO Box 

OHIO. The unmn Cotonlv Arnaleun Radlo CIUD r lOtn annual 
M.~tv~v.llv n~mleslsnd Aurlmn Sundav Augua 24 Marvrv, I? 
1 ~~1~110111~#1 081~500e#16PM Sdluldak evellmo lo# l l ~ ~ v e l n l l h l  
camh8ng. f rw pntena~nmenl ~arurday n q h l  ~uct lan  ~unda;al 
lernmn Laryclleamarketarea $1 MI10'space. Power52 Wsx 
~ r a  Advance ttckots S3.W A! the gale 54 .M For 1nfarmat8on 
(I1en.u; SASF to. Ger~sKsby, WLIBJN. 13613US 36. Marvnv~lle. 
OH41040 15131644 0468 

PENNSYLVANIA, Tha M d  Allantoc Amateur Radla Club'sanmlal ~ ~ . .  . -~ ~ 

Hnttal*-t S~nrla,. Aup~sl10.8.orhsCnunlyD~.ve m TheaIw R1 
61 1 Wdrr IB$(II)~I RAM 10 3 PM Ram ot bnanv An#nnsrfolm 53 W 
cluss2 M lrv mch la~lqale3pdce 8 ~ n q  vod owl8 taMP5 Tal* I!) 

on WII1.Ot H 147 ffi 0 6 ~ ~ 1  146 Y Fur st~lo#nra!~on MARC'PO 
ROI W VV.~ nnova PA I%W>I,I 1.~11 Hot8dov.wnr WAJPZOI7ISt 
449 '1111 

INDIANA: TheWA9SNT Arnamur Rad.0 Club w.11 hold~lrannu 
-4 b . + o v t # ~ ~  A~gu119 .m T ~ h n l ~ ~ f l n ~ l # l ~ ~ ~  951 1 Ac-plaCo<.n. 
1nc1 ., l,$~~(,!#.) RAM 10 O PM General snm.rston $2 00 Slwlrt?lr 
$ 1  (#I 6 ~ ~ ~ m r l r l ~ l w . l r e 5 1  W.sndtona SPILPI#M.~AM Auc 
,,Or, *,<l(. Il*d,"d,L~., ,~ll~,ll,l.. #I,<... .11.,1>1'. 11 1 ICC~II I ICI  , I  

51 1 ~ . 1 ~ . v l s  ~~~<lr( .~t l t , tx .nh<,tnu.n.nrr~t l~hasn~pl~~!  A1 nlr.rer!ed 
arslnvnfed lotour the lac#l~l!es For idrl8l~onal ~nformal!on Davc 
Johnston, K9HDO. c ,  o  IT^ Techntcal Insl#Iule. 9511 Angola 
Court. Indlana1,olls. IN46368 13171 875 8MO 

1906 "BLOSSOMLAND BLAST" Sunday. Oclobe, 5. 1986 
Wt~te "BLAST". PO Box l i b .  Sl Joseph. MI 4-5. 

CALIF0RNIA:FCCexams. Novce-Eilra. SunnvvaleVECARC 
IqClO 255 SO3324 hour. 73. Gordon. W6NLG. VEC 

MASSACHUSETTS: The MIT UHF Repaler A-lallanandthe 
MI1 II~dtoSoc~ety offcr monthly Hum Exvms A l l c l a s s n N o ~ 8 ~ ~  
ro Exrra Wcdndav.  Augustm. 7PM. MIT Rmm 1 134.77Mau 
Aventoe. Cnmhr~dgc MA Rerervstoons requested 2 days or! ad 
vancr Cantart RonHoffmat~r~1617I253 01601606 1M1 or Cralge 
Rodgcrr 161 71 494 1986 Exam fee $4.25 Bran9 copy of currcnl 
I~cr:~~scldanv~, twolormsolpocture IOandcornplrled IotmfilO 
avi~fl,hle frcm FCC rn Boston 1223 660111 

OPERATING EVENTS 
"Things to do.  . ." 

OHIOSTATE FAIR Specla1 Ewnl. Augun 117. Listen for W T O .  
60 10 meters ExchsngeOTH and RSTAll correspondenceand 
rcqucslr for swards lo ARS WRTO. all: Slnle Fatr event cwtdl  
nalnr. 280Earr 0,084 St. Columbus. Oh8043215 

"u\t'r!o 16UI J ~ C  Augurl l b  lono!ao, IheOxlorn Ftnrnace. an 
hlslc., c Ia#$cln$lrl 211, 4YIatltia I Hk l,ar!ds For cwl#fca,r rend 
US1 #nr( 35l.wbllslO RDII Semon~h6. WH2TOJ ZFd VV Calllun 

SCHAUMBURG SEPTEMBERFEST The Schaumburg ARC will 
oprra!eclubnn~mnWB9TXOlram!hegroundsol!heSchaum 
burg Sept~mlrr fnt .  Au!lc,sl 31, lMOZ 21002 Fog cm~l~caterend 
OSL to SAHC. PO Bwx 94251 Sclla~lmbltry. IL601M 

IBM RADIO CLUB will oprale rpc#a l  even1 rtalon WWGNK. 
A~~gust  16. lo celrbri~te Ihe30lh annlvcrsary of Ihe IBM Corp tn 
Ro~heslrsr. Mbnnrsnlil Cer!tlocalt~ lor OSL and SASE vaa 
WDOGNK IBMRad~oClub. IHMCorp, Depl 858. HwyVNanh. 

IheN0RTHOTTAWAARC*vlllopera1eKAWSKabosrdtheUS 
Coost Guard culler Mackinaw as par1 of theGrand Haven Coasl 
Gward Fesltval July 30 A80glosl 3 Fog commcmnral~vscnrlll#cals 
s n d  OSL and9.12 :>AS€ vva NOARC. Bur 44. Ferryrburg. MI 
49604 

NEW JERSEY OSO PARTV All Amateurn warldwnde are lnvll 
~l luparl~c8palc mOOUTCAugun 16!o07a)UTCAuyu~l17. lm 
UTC August 17toDZOMUTC Augusl 18 PhoneiCW samecan 
lea. Conlac1 a stnllnrl once each band. PhanelCW separate 
bands Call "CO NcwJeruy '  or 'CO NJ" New Jersey rlarlons 
sqn "DE NJ". Exct~a~~geDSDnumber. RSTandOTH NJslalonr 
sendcourr!~. Send logs and comments la Englewoarl ARA. PO 
Bnr 528. Englewoorl NJ 07631 OV8 wtlh I 0  SASE for reaulls. 

THE WILDBUNCH 1M)nt~tn SSB Conlusl. MMGMT Aug.51 
7 1t,?4(XIGM1 A.nq.0~13 Dcagl anell,# laqr9 7 86mlrnalk Send 
~ ~ R o ~ ~ U o ~ r ~ ~ n ~ t ~ n ~ L ~  KA'SI1 SWn!,onDv r.. Pc,llsmouln Rl 
n2u11 

DX CERTIFICATE. Nlgernen Amateur Rado Soc~elyannounces 
11- NARSalZSAward' ToencouraaemorecantaclwthNr(erlan 
Amateur Radto stat8cms. DX slarno&need lo work onlv 5 Nlger- 
,an hamrtatlonr loohfain ths DX c~r t~ l~sa le .  Send prod ot con 
tec!plsrs$S mt0NARSat2~,Awi$rrl. POBox2873. Lagos. Ngerm. 
Wart Afrara 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 

HAM RADIO MAGAZINE 
Greenville. NH 03048 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
author~zed warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Sew~cng "Hems" for 30 years, no rlg 

too old or new for us 

kwii,MW 
4033 Brownsville Road 

Trevose, Pa. 19047 * 21 5-357-1400 
QP 

LOOP YAGlS AND AMPLIFIERS FROM I DOWN EAST MICROWAVE I 
TROW .WEAK SIOWIL . EYE . OSCAR MOOE 1 6  MOOE S 

.W? . $208 23M - 2 4 0 0  Mlh  

Z W L V  45 PI lwp Yagl 1296 MHI 7O+ dRt 585 
2445LV 45 el lwp Yagl 1269 MHz 201 dRi SR5 
l Y 5 l V  45 el loop Yap, 2304 MH! 7O+ ~ R I  175 
3333LV 33 el loop Yaql 907 MHz 18 5 dfll S85 
d h i l v ~  anlennas are assembled and leslpd 
All aiumtnum and sIa8nless consl~uclm~~ KIB also ava~lable 
Add S0 ($11 wesl 01 HOC~IPT) pet anlenna lor UPS shlpplng 

Wrcte aboul Hogher Power. 2304 lbnears. GaAs Fel preamps 
Free calalw 

DOWN EAST MICROWAVE 
BIII Olson. wnnol I 

1 I 
/ 131 

Ideal for Packet Radio 
Teletype 
Model 43 

S195.00 
OH - 

TI 745 
f i l65.00 

K S R  Termina ls  
w i l h  RS-232 

serial I 1 0  

Wc have fully rcc<~nd~t~oned  Mndel 43 T c l e l } ~  
and Texas lnr lmn~enlr  745 ~ c m l ~ t i a l r  ha!  hilve 
come off leasc md  arc now availahlc for immedi- 
arc dclivcry. 'lhc\r. IIC well mxnlnined unnts 
fumishcd wt lh a 30 #1av m u m  I n  depol wananly. 

H u r o n  I ras inp .  In r .  1-800-572-6060 

A+ for Dianne / 132 (3121 690-0550 
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Ham Radio's guide to help you find your loca. # 
California Florida Indiana 

THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 
%SE for New & Used Equipment List. 

C 8 A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421 -2258 
Not The Biggest, But The Best - 
Since 1962. 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9330 ,  Sat. 9-3 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

Maryland, 
MARYLAND RADIO CENTER 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLAND. FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-330, Sat. 9-3 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1 21 2 
Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 
T-F 10-7 SAT 9-5 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Georgia Massachusetts 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 
ICOM, Yaesu, Kenwood, KDK, Bird ... 
9AM-5:30PM 
We service what we sell. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Colorado 
COLORADO COMM CENTER 
4262 LOWELL BLVD. 
DENVER, CO 8021 1 
(303) 433-3355 
i8ooj 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

wa war1 u 

I ENCON PHOTOVOLTAICS 

I Complete Photovoltaic Systems 
ELECTRONICS 27600 Schoolcraft Rd. 

MOKU STREET Livonia, Michigan 48150 
, HI 96814 -. 313-523-1 850 

-- 

HONOLULU 
819 KEEAUI 
HONOLULU 
(808) 949-55- . 
Serving Ha\n,-" Q D-Afi- f ~ r  K? 

\ I P I I E  

Connecticut 
HATRY ELECTRONICS 

~tia Amateur Radio, Repeaters, Satellite, I Com~uter a~~l icat ions.  
JwL.nU.  Call 'Paul WD~AHO 

I Minnesota 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. I TNT RADIO SALES 

NAY 
55422 (MPLSIST. 

Idaho I 
ROSS DISTRIBUTING COMPANY I 4124 WEST BROAD' 

78 SOUTH STATE STREET ROBBINSDALE, MN 
PRESTON, ID 83263 PAUL) Delaware (208) 852-08^^ 
. . - - - - - 

. - - - . . . - - . ,-- -, -28-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher, Butternut, Icom, 

Kenwood 

TO1 I FRFF. (ROO\ 3: 

AMATEUR & ADVANCED COMMUNI- M 9-2; T-F 9-6; S 9-2 

CATIONS I stock All Major Brands 
lam Related Items on 3208 CONCORD PIKE I Over,7000 t- 

WILMINGTON, DE 19803 I Hand 

(302) 478-2757 

,Jissouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 641 50 
(800) 821 -7323 

belaware's Friendliest Ham Store. I C"' - DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 

I 1 

- 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO. IL 60630 
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Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 

312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 



ma teur Radio Dealer 

-- 
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Texas 

MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO, TX 78238 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

ICOM REPEATER 
PROGRAM UPGRADE 

The RPS-1 is an entirely new repeater pro ram wrltten for me ICOM 
REPEATER controller board that will add I$EW FEATURES and CUS- 
TOM PROGRAMMING to your ICOM RP-1210. RP-2010, and 
RP-3010. The RPS-1 will lake, your generic sounding repeater and 
glve it a whole new personahty. 
New CW ID operation provides two separale cw id messages, and 
can include citylslate, or club name. Plus the cw messages are sent 
at the speed you request. The new Courtesy Beep tone prompt al- 
lows a short courtesy wait perlad before beeping and resening Me 
timwut hmer - while tk repeater transmitter stays on. New fimeout 
operation clears timeoul immediately with no down delay, and pro- 
vides cw warning messages to reduce confusion Custom program- 
mlng of all cw and timing parameters. 
The ICOM REPEATER is a well built, reliable repeater, and addlng 
Me PROCESSOR CONCEPTS RPS-1 w~l l  add new features and per- 
sonalized programming to make a good repeater even better. 

TWO SEPARATE CW ID MESSAGES 
PRE-TIMEOUT CW WARNING MSG 
POST TIMEOUT CW MSG 
DIRECT EPROM CHIP REPLACEMENT 
COURTESY BEEP TONE PROMPT 
TIMEOUT RESET ON BEEP 
CHOICE OF cw ID SPEEDS 
EASY TO INSTALL 

RPS.1 PROGRAMMED MEMORY and MANUAL only $74.00 
PIUS $3.00 shlpplna 

PROCESSOR CONCEPTS 
P. 0. BOX 32908 

MINNEAPOLIS, MN 55432 
(612) 780-0472 7 pm-l0pm evenings 

CALL OR WRITE FOR FREE SPECIFICATIONS AN0 
PROGRAMMING ORDER SHEET 

fl 133 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 94330, Sat. 9-3 

New Hampshire 
RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-9 
Closed SunlHolidays 

New Jersey 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

QEP ' s 
1 10-4 ROUTE 10 
EAST HANOVER, N. J. 07936 
201 -887-6424 
Bill KA2QEP 
Jim KA2RVQ 
VlSAlMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring lCOM 
"The World System." Western New 
York's finest Amateur dealer. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro, NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-330, Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(513) 531-4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM, Bird, Cushcraft, Beckman, 
Larsen, Amphenol, Astron, Belden, 
Antenna Specialists, W2AUMI2VS, 
Tokyo Hy-Power Labs, WELZ, Daiwa, 
Sony, Saxton, Vibroplex, Weller. 

Tennessee 

MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 
Kenwood, ICOM, Ten-T~c, Cushcraft, 
Hy-Gain, Hustler, Larsen, AEA, 
Mirage, Ameritron, etc. 



ADVERTISER'S INDEX AND READER SERVICE NUMBERS 

2.30 MHz 12V(' =28V) 
PIN Ratrng Each Match Pr 

MRF412.IA 80W 18.00 45.00 
MRF421 0 100W 22.50 51.00 
MRF422' 150W 38.00 82.00 
MRF426,IA' 25W 18.00 42.00 
MRF433 12.5W 12.00 30.00 . . - ~ 

MRF449,IA 0 30W 12.50 30.00 
MRF45O.IA 0 50W 14.00 31 .OO 
MRF453,IA 0 60W 15.00 35.00 
MRF454.IA 0 80W 15.00 34.00 
MRF455,IA 0 60W 12.00 28.00 
MRF458 80W 20.00 46.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 0 90W 16.75 37.50 
SRF2072 Q 65W 13.00 30.00 
SRF3662 0 l l O W  25.00 54.00 
SRF3775 0 75W 14.00 32.00 
SRF3795 0 90W 16.50 37.00 
CD2545 50W 23.00 52.00 
SD1487 0 lOOW 36.00 76.00 
2SC2290 6OW 15.00 36.00 
2SC2879 Q 1OOW 25.00 56.00 
0 Selected Hrgh G a ~ n  Matched Quads Ava~lable 

VHF/UHF TRANSISTORS 
Rdtlng MHz Net Ea Match Pr 

MRF212 10W 136.174 $16.00 - 
MRF221 15W 136-174 10.00 - 
MRF222 25W 136.174 14.00 - 
MRF224 40W 136-174 13.50 32.00 
MRF237 4W 136.174 3.00 - 
MRF238 30W 136.174 13.00 30.00 
MRF239 30W 136.174 15.00 35.00 
MRF240 40W 136-174 18.00 41.00 
MRF245 BOW 136.174 28.00 65.00 
MRF247 75W 136.174 27.00 63.00 
MRF260 5W 136.174 7.00 - 
MRF261 10W 136.174 9.00 - 
MRF262 15W 136.174 9.00 - 
MRF264 30W 136.174 13.00 - 
MRF607 1.75W 136.174 3.00 - 
MRF641 15W 407.512 22.00 49.00 
MRF644 25W 407.512 24.00 54.00 
MRF646 40W 407.512 26.50 59.00 
MRF648 60W 407.512 33.00 69.00 
SD1441 l5OW 136.174 74.50 170.00 
SD1477 100W 136.174 32.50 78.00 
2N3866' I W  30.200 1.25 - 
2N4427 1W 136.174 1.25 - 
2N5591 25W 136.174 13.50 34.00 
2N6080 4W 136.174 7.75 - 
2N6081 15W 136.174 9.00 - 
2N6082 25W 136.174 10.50 - 
2N6083 30W 136-174 11.50 24.00 
2N6084 40W 136.174 13.00 31.00 

MISC. TRANSISTORS 8 MODULES 
MRF134 $16.00 SAV6 $32.50 
MRF136 21.00 SAV7 30.00 
MRF137 24.00 S10.12 13.50 
MRF138 35.00 2SC1075 25.00 
MRF140 89.50 2SC1307 5.00 
MRF150 89.50 2SC1946A 12.00 
MRF172 62.00 2SC1969 3.00 
MRF174 80.00 2SC2221 10.00 
2N1522 7.95 2SC2269 20.00 
2N4048 7.20 2SC2289 22.00 
NE41137 3.50 2SC2312C 4.00 
2N5590 11.00 2N5945 10.00 
2N5642 14.00 2N5946 13.00 

Selecled, matched l~na ls  for Icom. Atlas. Yaesu. Ken 
i wood. Cub~c TWC.etc Techntcal ass~slance and cross- 
I reference on CD, PT. SD SRF and 2SC PINS 

Quanttty parts users - call for quote 

WE SHIP SAME DAY C.O.D.IVISAIMC 
M~n~rnum Order- Twenty Dollars 

(61 9) 744-0728 

Listed below ape the page number and reader service number for each company advertising in this issue. To  get 
more information o n  their advertised products, use the bind-in card found elsewhere in  this issue, select the correct 
reader service number from either the ad or this listing, check of f  the numbers, fill i n  your name and address, 
affix a postage stamp and return to us. W e  will promptly forward your request t o  the advertiser and your requested 
information should arrive shortly. If the card is missing, send all the pertinent information on a separate sheet 
of paper to: ham radio magazine, Attn: Reader Service, Greenville, NH 03048. 

READER SERVICE I PAGE I READER SERVICE I PAGE I 

140 Advanced Compuler Controls Inc 13 

104 Advanced Rece~ver Research 79 

173 AEA 65 

115 All Electron~cs Corp 93 

134 Amateur Wholesale Electron~cs 111 

113 AMSAT 88 

171 ARRL 58 

142 Aslroti Corp 18 

' Barker 8 Wtll~amsoti 3 1 

Barry Electron~cs 34 

109 Bllal Company 82 

159 Brtncomm Technoloq~ 49 

160 Buckmaster Publtsh~nq 49 

Butternut Electronics 24 

Caddell Coll Corp 34 

170 Coaxtal Dynam~cs Inc 58 

152 Commun~cal~on Concc.pts Inc 99 

135 Cornmun~cat~ons Speclallsts 97 

110 CTM 82 

Dlck Smlth Electron~cs 92 

166 D~g~max Instrument Corp 55 

145 D~g~trex 104 

131 Down East M~crowavr 107 

151 EGE Inc 99 

+ Englneer~ng Consulting 28 

Falcon Commun~cat~ons 36 

' Fox Tango Corp 49 

105 GLB Electron~cs 80 

164 Gordon West Radto School 54 

114 Grove Enterprises 92 

1 1  2 H L Heaster Inc 86 

143 HAL Cornmun~cat~ons Corp 2 1 

162 Hall Electronics 54 

169 Ham Rad~o Outlet 56 57 

Ham Radlo's Bookstore 24 38 58 71 79 88 

The Ham Statlon 20 

Hamtronlcs NY 89 

130 Hamtronlcs. PA 105 

Hamlronlcs. PA 107 

1'12 Huron Leas~ng Inc 107 

137 ICOM Amer~ca Inc CII 

1',4 IIX Equ~pment Ltd 99 

103 Jun s Electron~cs 71 

1 I8 Kantronlcs 1 

1111 KendecomIMCS 50 

Trlo Kenwood Commurl~cal~ons :' 5 7. 41 CIV 

1'18 Ela~ne Marl~n Inc 49 

148 Glen Marttn Eng~neer~ng 36. 

If13 The Meadowlake Corp 54 

1 I9 MFJ Enlerprlses 8 

1 11 Mtnds Eye Publ~cat~ons 86 

102 MtragelKLM 68 

1',5 M~ragelKLM 47 

144 Mult~bot~cs Inc 20 

119 Naval Electron~cs Inc 100 

120 NCG 100 

106 Nemal Electron~cs 80 

168 NRG Control 55 

1 17 Nuts 8 Volts 100 

146 P C  Eleclron~cs 31 

118 Pac Comm Packet Radlo Systems Inc 104 

129 Pac~flc Rim Communtcattons 105 

123 P~lgrtm V~dec Products 102 

116 PolyPhaser Corporat~on 93 

128 Processor Concepts 105 

133 Processor Concepts 109 

108 The PX Shack 82 

122 QEP S 102 

167 Rad~osport~ng 55 

157 Ramsey Electron~cs Inc 98 

176 Raydx Satell~te Systems Ltd 112 

RF Parts/Westcom Englneerlng 1 10 

165 S Com 54 

Spec Com 36 

150 Spectrum lnternatlonal 38 

' - STTI 48 

107 STVlOnSat 80 

149 Sultron~cs 36 

156 Synthetic Text~les Inc 46 

124 Telewave Inc 103 

Ten Tec 49 

125 Transverters Unl~mlted 104 

Un~vers~ty Mtcrof~lm Int 24 

126 Vanguard Labs 104 

175 Vartan 42 

127 W9INN Antennas 104 

147 Western Electron~cs 34 

121 World Tech Products 102 

141 Yaesu Electron~cs Corp 15 

172 Yaesu Electron~cs Corp 63 

136 Yaesu Electrontcs Corp Clll 

PRODUCT REVIEWINEW PRODUCTS 

302 Advanced Computer Controls. InC 101 

308 Amaleur Packel Alaska 102 

304 Communlcatlons Speclallsts I01 

307 EMC Dalacare Ltd 102 

309 Energy Conversion Devlces 102 

303 Elron RF Enlerprlses 101 

305 Gordon Wesl Radlo School 101 

301 MFJ Enterpr~ses 101 

3 1 0  Mon~torlng Tlmes 105 

306 M S S Wonder Rods 306 

31 1 Oak Hllls Research 105 

"Please c o n t a c t  th is  advert iser direct ly.  Limit 15 inquiries p e r  request.  

Please use be fore  S e p t e m b e r  30, 1986. 
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SUPERIOR WEAK SIGNAL rtRFORMANCE 
COMMERCI1.- .JIODEM 

PMPARE with ANY unit at ANY Price 
P 

THE WORLD OF VHF/HF PACKET*, 
CW, R m ,  ASCll AND NEW DUAL 
AMTOR** IS AS CLOSE AS YOU 
FINGERTIPS WITH THE BRlLLlAl 
INNOVATIVE STATE-OF-THE-AR' 
M I  
EX1 '7 SHOWN WlTH OPTIONAL KANTI4OIII( J KPC2000 

AND MFJ 1270 TNC 2 
gPJ3 

th Packet Radio - 57' 
EuetytFting3uilt in - nothing eke to-buy! 

AUlUMAI ILStNU/HtLt lVE-WSPEEDANYSH IN COMPUTER GRADES' I .LOCK ON 
SCREEN TIMED TRANSMISSION AND RECEIVING S ~ L L A L  LnYSTAL CONTROLLED AFSK MUIJULAIU~ r r m ~ u L u u r L t n ~ w  tbn ntr th  . ASCll 
KEY 
FUN1 
BAU 

ECnu - I C A I  bunounburv I nuL  - u a u a  - UIUULC I c a ~  Mt33UUCa , n T  u n u u o r j  - Mnnn f i l vuontnn {o rnbc  MRIJ Dncfin, 3 7 2  ILM - v 
CW WEIGHTS AUDIO MONl CW PRACTIC )OM GENERATOR BARGRAPH LEO METER FOR TUNING 
OSCILLOSCOPE OUTPUTS E 0 VAC 50160 SUPPLIES AN0 MUCH MUCH MORE SIZE 14W x 14D x 
5H 1 YEAR LIMITED WARR - 

9-777 THE MOST ADVANCED COMPUTER INTERFACE 
EVER DESIGNED FOR COMMERCIAL AND AMATEUR USE. 
RTTY. BIT INVERSION IRTTYJ,ASCII. AMTOR [MODE A [AROI. MODE B [FEC AND 
nC' .FECI. MODE L1. CW. ANY SPEED ANY SHIFT [ASCII AN0 BAUOOT1' 

I S P E C I A L  S A L E  $249 1 
AUTO DECODING: Aulomaically decodes sigl 
28 BAR-LEO'S and LED'S plus a Bar-Graph iunlng lnolcalor so lcae  runnlon. mooe, ano srarus - uumrnnt! 
The awwome power of the 8 -777 is limited only by Le imagination ol the user and the terminal program of the computer. 
Use with Any computer that ha8 US232 or TTL I/O. IBM. Apple. Commodwa T R W .  

Everything Built In - Including Software - Nothing f lse Po Buy! 
'SPEEDS CW 51W WPM [AUTOTRACK). 12-200 BAUD (ASCII AND BAUDOT1 12-6W BAUD TTL AND RS232 OR TTL LEVEL DATA CONNECTION - 1W2400 

BAUD (ASCII) OR 45 5200 BAUD (BAUDOT) SELCAL MEMORY 15 CHANNELS -768 CHARACTER INPUT BUFFER AUTO PTT CW ID DIDDLE 
USOS ECHO AUTO CRILF ATC RUBOUT CW PRACTICE GENERATOR VARIABLE CW WEIGHTS TEST MESSAGE (RY AND 0BF) FULL CRT 

FUNCTION DISPLAY MARK - AND - BREAK (SPACE - AND-BREAK) SYSTEM XTAL AFSK AUDIO MONITOR OSCILLOSCOPE OUTPUTS AND MUCH 
MUCH MORE POWER SUPPLY REOUIREMENTS 13 8 V DC 700MA SIZE 9W x 100 n 2'3H 1 YEAR LIMITED WARRANTY 

EXCLUSIVE DISTRIBUTOR DEALER INOUlRlES INVITED JR NEAREST DEALER OR TO ORD 
AMATEUR-WHOLESALE ELECTRONIC! ~ O L L  FF 
8817 S W 129 th  Ter race.  M ~ a r n i  F l o r ~ d a  33176  1 (305) 2 3 3  

MANUFACTURER 
TONOCORPOR 
9 8  M o t o s o l a  M a c h 1  - 

'PLEASE C A L L  FOR DEI 
m 

.*Dl ~e EXL 5000E ~ n c o r p o r a t ~ s  two compk fe l y  separate m o  r Amto r  
c o  endattons 476 2 for comrnerclal requirements 

Chanqe 

\ 2 

VDAF 

CRO-CO 
1-50001 I A L  S A L  

55/$895 

IFT BUILT - . - . . - - MONITOR t 
..,.a e m . . .  .- ICK TIME C .. --., 

ARRANGEM 
CTlON SCREl 
D TTL: 100 1 
,,,. 7P"x.h 

ENT 15 CH 
EN DISPLAY 
3AUD AROII 

ANNEL BAT 
* PARALLEI 

LEC AMTOR 
rm.., . ',,.A, 

TERY BACK- 
. PRINTER Ih 

ATC RUI . mmm0.a r . 

UP MEMORl 
ITERFACE 
0-OUT FUNC 
.r~,.Y..rc-o 

' 1.280 CH) 
SPEEDS: CM 
:TION AUTl 
.,.r" ,mu n. 

ARACTER Dl 
15100 WPM 
OMATIC CRI 
,mnh#-, - . a ,  

SPLAY MEM 
IAUTDTRAC 

L F  WORD 
nm" a.,m,,nr 

ORY SPLIT 
:K). 12-300 B 
MODE LIN 

. A " , " " A , - r ,  

SCREEN TY 
AUO (ASCII I 
E MODE VI 
, . ,m""r*" ,  

PE-AHEAD E 
4ND BAUD01 
'OR0 WRAP 
""c.Tr.. - ,, 

IUFFER 
11. 12-6W 
AROUND 
ARIABLE 

IOR CRlCUlT 
IUILT IN 1120 
ANTY - 

BUILT IN 
,120 / 2 B 2 4  

i CW RANI 
VOC POWER 

la1 and dia . . . ., 

ER 
02 
09  I T T  - 

FOR YO1 
S 
- e l ephone  

IEE ... 80t 
-3631 T e l  

1-327-31 
ex: 493071 

J a p a n  

, . , a & "  

11 quality. 11 
IR recommt 

dems l o  ful 

S 

l y  support ( 

pectl~ca!~ons 

lhs  amateu! 

St ih~ert  to 

rol Amtor:  4 

des and 011 
Commercio 
of  the CCI 
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Home Satellite TV Systems 
just never looked so 

compatible. 
IBUWIFUPl'IOR, DESIGN TRE BBST BmLT DISH I?J AMBRICIL 

b BELECTIVITP 
The orginal DeegDish. SeeThru Aluminum Mesh 

When the "boys upstairs" at R a y d x  decide to Design that outclasses everyone else with quality con- 
develop a great new product, they do it rght! struction. great looks, and ease of lnstidation Our 
Imagine a High Strength. Extruded Alumi- . 4 10.5-R.. 8.5-ft. and Expandable 6-R. Dishes are light- 
num Horizon-@Horizon Polar Mount with a weight yet built to last uslng "Stronger-thanSteel" 
Motorized Actuator that's more compact and 
lighter in weight than any other on the 
market today, yet still capable of getting 

b e n t .  This unbeatable combi- 

1000 ft/lbs Torque. Well, that's the design 
that 's  got the TVFLO Industry so excited 
The engineers at  Ra&dx found that existlng 
Geo-stationary satellite tracking SyStemS 
just couldn't meet the company's '2XacW 
standards for superior performance, depen- , , , .  , 
dability and consumer appeal. So they 
suggested that Ftqydx, the Leader i n  Dish TOTALLY COMPdTIBLE 
sales manufacture their own And that's just 
what they did This season RaJtdx will introduce 
After comprehensive R EP D work the "boys the f m t  "Totally Compatible" home 
upstairs" selectad a design that is destined to satellite TV system A system e m  
be come legendary, malung linear actuators neered to give outatanding p r f 0 ~  
virtwdly obsolete. A precision built Horizon- mance and years of TV viewing 
to-Horizon Polar Mount with Motorized pleasure - both inside and out. Watch 
Actuator that's precisely wlutt everyone's for all the exciting details in 

been looking for. months to come. 

Compatible good looks, compatible price. 
9 Oak Drive. Silver Springs Shores Industrial Park PO. Box 4078. Ocala. Florida 32678-4078 

(904) 687-2003 
RAYDX SATELLITE SYSTEMS. LTD. PATENT PENDING 



I I 

htrodumg 
the next logical step. 

i / 

;2nd mrlusurr \ o u r  t~;i t t rry Icv11l 
wit,h t h r  digit,al hilttory voltmt~trr. 
Thc~rc's rvrn  ;I "lieu I<at.tcryn I,EI). 

Finirllq; your oprri1t.ic111 is 
roundod 0111. ivit h f(>atllrt?s likch \.'OX 
eapa1)ility. A onr-tc~uch rf'po;ltc1r 
rtivc>rst) switch. Arr LCD r t ~ i o r i t .  ivi1.h 
illumin;il.ion lamp. !I I~ighllow poMrr'r 
swit.rh. Rc~noto  c~omprltt~r caontrol 
cnpahility An opl ior~;~l  CTCSS mod- 
11lr. tInd YIOSII'S f r r l l  lino of ol~lional  
;~(*c(~ssorirs .  

So st,cy, up  yonr opcnrating eapa- 
I)ilitv now with tl111 1ocic:;il c t~c~ iec~  in 
HT i;prritl ion. 

Yitrsu's drr;il-bilnd FT-727R 

Yaesu Cincinnati Service Center 
!11170 l;11111 I1;1r1\ I)rivtt. I ~ ; I I I I ~ ~ ~ I I I I .  0 1 1  .15011 
(:,I:{) Si.1 : 3 l l l l l  

l'rir~ss :it111 s l ~ ~ ~ c ~ i f i ~ ~ ; ~ l i o ~ ~ s  ~ I I I I ~ I ~ I ~ I  111 ~~11;1ttSc~ 
M ~ I I I L I I I I  tt11111.t.. 



All -Mode Mobilitv! 
.p.-; 7 - .'i. w;:ili t I I I I  , .  watts ;iiijusl;lbl~! 11 ,w I:lu;il (J~g~tal  Vl'Ot, u - - - P r i i ( ~ r ; ~ r ~ ~ r ~ ~ ; ~ t t l e  scanning nif?morv, 

-. 
Seml txeak-ln CW w ~ t h  slde tone 

b:1ni4 o r  n i  ~ i l r z  scan w ~ t h  "COM" 
rnmr,=;c'  :'-.rl :- ' ~v- , ! !c . r -  

- M C ~ 4 8  16-kt?y DTMF hand nilcro- ., , . . , . . . ch;~nnrsl ;inri p r~or~ ty  alert l'honr? ~ncluried 
t r a n ~ f , r ? i : , c ~ . r  10 I ~ I C I I ~ O I ~  i:linrinels fur 1rcqtlenr:y. 1 rrqueni:y It.:ck. offset, reverse 

,It,s the ,'New Sound,, on the meter r ~ i k ~ c l ~  CTCSS tone. offset. Two char1 sw1tc:Iies 

band-Kenwood'sTR-751A! Auto- nels lor orlri spills - D~gll lal  Ch;~nriel Llnk (DCL) op t~on 
-, All 1111.~ri6; ,,1111c~Ir~ti, r io~se t)l:~~ikcr, -.  

matic mode selection, versatile : , . , I ! ; 1 !  L ! e - ~ r I : ~ ~ l  j ~ + :  
and R ! I  scanning functions, illuminated multi- , E;,sy l r r ~ r  ~l analtlg & RF rlleter .. CD-10 call slgn dlsplay 

function LCD and status liahts all - PS-430, PS-30 DC power suppl~es 

Actual size front panel 
. . 

70 CM SSB/CW/FM 4'- 
transceiver (A$,>v,f~ 
,. ( v, r ,  .I:, I . i .111 hlti: 1 1  8.1i.jrc, 01 I 

1lIlJ I I,, 1 lL l i / , r~ L l l / ,? t i  ktt:<.,r 1 A,IH., 
*CVJ  FMtI, lO\~ ' / . lbw 1W C;';Bl!I\?I 

\ I . I ~ I I I , ~ I  I I I  , I  I r t  

Sf>.!rt 11 ,)I ,,i>lr>, 11~1 lki,, w o r ~ ~ t ~ r i l ~ ;  
on SL,ti.l:W 

KENWOD 
TRIO-KENWOOD COMMUNICATIONS 

a ~ , I c ' I I I , >~~  1 l ! : i r ~ r i t . l ~ ,  ! 1 1  I i'!. ' 6': I .  , I  ' !! , . , *  
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