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KOM lt1751A an I 

"ITS WHATS INSIDE THAT COUNTS. I 

Superb Frequency Stability 
Continuous Duty Operation 

r Crystal Clear Signal Quality 
Midsize Masterpiece! The de- 

luxe IC-751A includes more high per- 
formance features and professional 
circuitry per cubic inch than any 
other HF transceiver. Its smooth-as- 
silk operation and long-term reliabili- 
ty produce the ideal contesting. 
DX'ing, mobiling and portable rig. 
Owning an IC-75 1A truly means 
"Going First Class!" 

Unsurpassed Ouality and 
Reliability. Quality and Reliability is 
important to you and it's important 
to iCOM. lCOM now covers you and 
your investment with its exclusive 

one year warranty. There's more! 
The IC-75iA's receiver boasts lO5dB 
dynamic range for superb listening. 
The 100% duty cycle transmitter 
defies abuse and delivers 100 watts 
of exceptionally stable and clean RF 
output. Reliability. Ouality. One 
year warranty. That's ICOM. 

All Bands. All Modes Included. 
Operates 160 through 10 meters, it's 
easily modified for MARS operation. 
plus it includes general coverage re- 
ception from IOOkHz to 30MHz. NO 
compromise, no comparison! 

32 Tunable Memories. Store 
both frequency and mode informa- 
tion. Use them to quick-access your 
favorite spots or as 32 preferred fre- 
quency-remembering VFOs. 

speech processor and tone control to 
produce sparkling clear audio. PLUS 
there's a new rubberized tuning 
knob for velvet-smooth tuning and a 
full line of accessories and filters. 

RF Power Control. Varies output 
independent of mic gain. ALC and 
speech processor action. Enjoy 
maximum "talk power" at any drive 
level! 

To see the IC-751A, contact your 
local ICOM dealer. 

ICOM America. Inc.. 2380-116th Ave NE, Bellevue. WA 98004 Customer Senlce Hotlns (a) 454-7619 
3150 Premier Drive. Suite 126. Irving, TX 75063 / 1777 Phoenix Parkway. Suite 201. Atlanta. GA 30349 

ICOM CANADA. A Division of ICOM America. Inc.. 3 7 1  - #S Road. Unit 9. Richmond. B.C. V6X 2T4 Canada --  .. - - 

All stated 8pecIf1callons are approrlmte and wbjecl lo change ~ l h o u l  rntlcs or &llgatlon All ICOM radios stgn~l~canlly exceed FCC regulallons lhrn818ng spurlous ernlrslonr 1 5 l A l t l f  



NOW - A U  KANTRONICS KPCs and KAM 
ARE TCP/IP NETWORKING COMPATIBLE 

INCLUDE THE PACKET MAILBOX 
AND COME WITH 32K RAM 

EXTRA FEATURES - 
NO EXTRA CHARGE 

That's right! Now all Kantronics packet units' include the 
Personal Packet Mailbox", come with 32K RAM, and are TCP/IP 
Networking compatible - ALL AT NO EXTRA CHARGE. And 
there's m e  . . . 

KAM and KPC owners" - you can add the Packet Mailbox 
and TCP/IP compatibility for the special low price of just $15.00. 

At Kantronics we're committed to keeping you current. 
Check below and see - we offer more features and the best 
customer support around. 

KPG2TM This low cost/high performance Kantronics 
TNC features a built-in HF/VHF modem, the Personal Packet 
Mailbox, full duplex operation, and multiple connect capa- 
bility. The serial RS232/m port allows easy interfacing with all 
computers, even Commodores. KPC-2 is TCP/IP Networking 
compatible, includes 32K RAM, and uses only five front panel 
indicatorsforeasyoperation. Likeall Kantronicsunits, KPC-2 is 
fully compatible with existing TNCs. 

J<AMTM KAM is the fully programmable All Mode unit 
that lets you operate WF Packet, HF Packet, CW/RTTY/ASCII/ 
and AMTOR. But that's not all . . . 

Only KAM's dual WF/HF radio ports work together for 
simultaneous Connects, Digipeoting, and WF/HF GATEWAY 
operations. And now KAM isTCP/IPNetworking compatible, 
comes with 32KRAM. and hasthe Personal Packet Mailbox 
ALL STANDARD. 

KAM includes watchdog timers on each port, an 
RS232F serial port, and a borgraph tuning indicator for 
HF operation. KAM even comes with an external modem 
connection point for optional 2400 b/s packet operation. 
For the greatest degree of sensitivity and flexibility, turn to 
KAM, Kantronics All Mode. 

K P C W ~ ~ ' "  Only KPC-4 features simultaneous 
Connects, Digipeating, and Goteway functions on two 
fully functional WF radio ports - each of which includes 
a watchdog timer. What's more - you can add 2400 b/s 
operation to port 2 with Kantronics optional 2400 
Modem'". 

KPC-4 includes the Personal Packet Mailbox and 32K 
RAM (expandable to 64K). and is TCP/IP Networking 
comp&tible. The RS232/TTL serial port assures easy 
interfacing with any computer. Make KPC-4 your 
GATEWAY into packet flexibility. g8 RF Data Communications Kantronics Specialists 

KAh.l. KPC-2. KPCd. ond KPC-2PM units shipped 7 - 3 1 4 7  a lotw 
'' KPC-1 ( W e t  Communicata). KPC-2. KPC4 KPC-2PM 

1202 E. 23 St Lawrence. Kansas 66046 (913) 842-7745 f l  171 



< TS-&/.nq Compact hiqh performance HF transceiver 
u' k with gener? coverage receiver 

Kenwood's advanced digital know-how Superior receiver dynamic range 
brings Amateurs world-wide "big-rig" Kenwood DynaMix" high sensitivity direct 
performance in a compact package. We mixing system ensures true 102 dB receiver 
call it "Digital DX-citernentn-that special dynamic range. (500Hz bandwidthon 20 m) 
feeling you get every time you turn the 100",7 duty cvcle transmitter 
power on! Super eff~cient cooling permlts continuous 

,I1 Amateur bands key-down for perlods exceeding one hour. 
General coverage recelver tunes from RF input power is rated at 200 W PEP on 
100 kHz-30 MHz. Easily modifled for SSB. 200 W DC on CW. AFSK. FM. and 110 
HF MARS operation. W DC AM. (The PS-50 power supply is 
Direct kevboard entry o f  frequency needed for C O ~ ~ I ~ U O U S  dutv.) 

2 
djustable d ~ a l  torque 
'10 memory chann~ l s  

Frequency and mode may be stored In 
10 groups of 10 channels each Spl~t fre- 
quencles may be stored In 10 channels 
for repeater operat~on 

*TU-f! CTCSS unlt (opt~onal) 
Subtone IS memor~zed whenTU-8 IS Installed 
Superb Interference reductton 
IF sh~fl, tuneable notch f~lter, nolse blanker. 
all-mode squelch. RF attenuator. RITIXIT. 
and opt~onal fllters flght QRM 
MC-435  UP/DOWN mlc ~nclud-d 
Comouter rnterface Dort 

All modes built-in =--- -=-= 5 i~ filter functions 
USE, LSB. CW. AM. FM, Dual SSR IF filtering 
and AFSK. Mode A built-in SSB filter is 
selection is verlfied in standard. When an 
Morse Code, optional SSB filter 
Built-in automatic (YK-88s or YK-88SN) is 
antenna tuner I installed, dual filtering 
(optional) IS provided. 
Covers 80-10 meters. L .  VOX,  t u~ !  or semi 
VS-1 volce synthe- , I  break-~n CW 
sizer (optional) , AMTOR compatible 
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ECT 

a sentimental technocrat speaks 
Thanks to the rapid evolution of electronic technology, Amateur Radio has seen significant changes 

during the past few years. While many of us fully endorse this advancement of the radio art, some of us 
are hopelessly sentimental technocrats who sense, over time, a qualitative change for the worse. 

Therefore, I hereby submit my opinions on a wide range of issues confronting Amateur Radio. You won't 
find any engineering measurements, quantified results, or empirical thinking - just unabashed emotional- 
ism. Some of it might be totally wrong. But that's OK - this is a guest editorial, not a technical article. 
Besides, there comes a time when a guy's got to say what he really thinks! 

I've divided my list of issues into two parts: the stuff I don't like and the stuff I do like. "Stuff," by 
the way, can be anything. Nothing is too sacred for scrutiny. 

1 really don't like: 
PLL synthesizers, radios with memories, plastic cabinets, RCA jacks, circuit boards that disintegrate when 

they're touched, aluminum capacitors, fm, antenna traps, monolithic radios, on-board rf white noise gener- 
ators (i.e., microprocessors), cable TV connectors, computer-generated QSL cards, articles that prove Yagis 
better than quads (even if they're right), FCC dockets (that's right - all of them), the Woodpecker, con- 
sumer electronics (Have you listened to your high-tech digital readout clock radio lately? I bought one be- 
cause I like to wake up to music rather than a buzzer. But with my clock radio, I can't tell the difference!), 
multiple-choice code exams, profanity on the air, anti-antenna ordinances, cable TV "installation" charges, 
the technical quality of cable TV, fm stereo separation on cable systems, cable TV customer service, 2-meter 
video channels on cable systems, anything with 75-ohm impedance, disassociation of call districts, lamp 
dimmers, and the notion that the electromagnetic spectrum exists exclusively for commercial use. 

On the other hand, 1 really do like: 
Station logs, any radio component made from ceramic, glass, copper, or silver; oil-filled capacitors (toxic 

or not), vacuum variable capacitors, open-wire transmission lines, wire beam antennas (double extended 
zepps, stacked, phased, and fed with open-wire line), old QSL cards, old "How's DX?" columns (the kind 
with the grass-thatched shack, palm tree, and precarious dipole . . . where did the romance go?), Jeeves 
cartoons, the old smaller-sized ham radio and QST magazines (In high school I could hide them under 
my history book. How can kids hide them nowadays?); old E. F. Johnson, National, Collins, and Ham- 
marlund radios; new radios built for radio performance, front panels that look like they belong on radios 
instead of computers, moonbounce, really big quads, astronomically large parabolas, computerized RTTY 
(Here's where a computer in the shack makes sense. Remember those noisy old electromechanical clunkers?), 
anything homebrew, GaAs LNAs, prop-pitch motors, PTO oscillators, houses built around the ham shack, 
XYLs who really do understand, kids who don't sneak ham magazines into history class, tubes, FETs (they're 
more like tubes than bipolars), volunteer examinations (taking the old exams was like visiting the Spanish 
Inquisition), mountain-top QTHs, analog clocks in the shack (especially the 24-hour brass ship's clocks 
with chimes), multicolored great circle maps not centered on Kansas (somebody in Kansas sure has a lot 
of clout), Silicon Valley and New York-area surplus dealers, very expensive linear amplifiers, high-dynamic 
range anything, low-noise anything, high-gain anything, anything simple yet adequate, anything slightly 
more complicated yet outstanding, two miles of buried No. 8 copper wire, full-size 160-meter antennas 
(they work on 80 as well), antennas too high for WZPV, receivers that confound W7ZOI (I'm still waiting 
for that day), my copy of Terman's Radio Engineer's Handbook, the W6GO QSL list, WGSAl's columns 
(he really likes tubes), ham dealers who sell used parts (good stuff, cheap), big heavy rigs with rf ammeters, 
Smith charts, swap meets (lots of good stuff, cheap), and finally, magazines crazy enough to publish this. 

Robert J. Zavrel, Jr., W7SX 
Tucson, Arizona 

4 September 1987 



Heavy-duty final amplifier and heat 
sink. The die-cast rear panel assures 

Affordable 5-watt hand-held 
reliable operation. With the optional 
12-volt PB-1 battery pack, the TH-205AT 

transceiver. Ultimate Affordability! provldes 5 W output.The standard 

It's herehow! The affordable, 8.4 volt PB-2 provides 2.5 W output. 

"Kenwood Quality" hand-held trans- (500 mW low power). 

ceiver. Standard features include Large, easy-to-read LCD display. 
a large, easy-to-read LCD display, Frequency, offset, memory channel, 
wide-range power requirements TX. RX, and battery indicator. 
(operates on 7.2 VDC-16 VDC), 
3-channel memory, built-in Frequency UPIDOWN keys. Used to 
battery saver circuit, and, when select frequency or scanning direction. 
operated on 12 VDC, a robust 
five watts of power! The die- Scan function key. 

cast metal rear panel/heat sink 
assures cool, reliableoperation. 
Receiver frequency coverage 
from 141-163 MHz is also 

162.40 or 162.55 MHz! 

Mon~tor s w ~ t c h t o  check fre- 
quency when PL encode1 
decode switch is on. 

Extended frequency coverage 
for certain MARS and CAP 
operations. 
3 memory channels store fre- 
quency and offset. And so easy 
to use! Slmply press the 
memory channel number to 
recall your favorite channels! 

Ntght light, offsetlreverse. 

autopatch 1s standard. 
16-key DTMF pad for repeater 

1) 1'1: I I,' v J~#.I~IIII. '.I~ ll.:l : # . I 1  1 ,>. i I.. 1'. . ) I  
l t t ~ l >  2) 1'13 :I !<.I !.I 2,0c', I ~ A H  l41Ct! f ~ ; ~ t l  II,!~ h 1,) 5 \V 
rrotplrl l  3) PR :> 7 :' V 800 nihH Nt(:il t l i i l l  pa( k 
11 5 W nol l l r l l l  4) I'H-.l 7 7 V 1600 nlAH NlCrl t ~a t l  
pack 1 1  5 Wo111[11rll 5) R T  5 AA r r i a n ~ ~ ; i n r ~ i ? i ; i l k ~ r l ~ ~ i ~ ~  
tbattery 1 . 2 ~ ~  6) HC- i R;rp1i1 ct1:irclrr lor PR 1. 2. 3. 
ru 4 7) RC 8 C:I>ITIII:II-~ t>;~Iler]f r t i ;~ rqe~ 
8) SMC-:I0 S11eakq.f rr l lcl~i[~hi~nf? 9) SC-17. SC 13 
:;(,I1 1:ascs 10) H A 3 .  RA 5 Tclt?sr.i~lllnq anlr?nncl 
11) R A ~ 8 B  Sl1~1,hyDuk nnlpnnn TSU-3 CTCSS 
r,r~corie/rienr,flr un~ l  VR 2530 2 nl. 75 W RF 
r~owt:! hoiv;lf!r 1.H 4. LH 5 L!!;illlrr cnsnz MR 4 
Mrlh~lo t1r;lr:kel RH 5 Swlvt21 !ri,rrlnl PG~2V OC 
i~;iIlli! PG 3C F ~ l t i ~ f v i  r:lg;lr Ikghl~r ~(1111 

battery case. A wtde range of qrr~ck- 
change commerc~al duty battery 
packs are available. 

KENWOOD U.S.A. CORPORATION 
7201 t Dom1ngue7 St. Long Beach. CA 90810 
PO Box 72 745 Long Bench, CA 90801-5 (45 



"1 mments 
that this requirement can be met more 
easily at the Novice level than in the 
VEC (Technician through Extra Class) 

I test program. 
The jump from 5 to 13 WPM is dras- 

tic. Allowing candidates to move up in 
increments of 4 WPM should be bene- 

code tests 
The following is a copy of a letter 
addressed to the FCC by W. G. 
Welsh, who kindly shared it with 
US. - Ed. 

I am pleased that you separated 
Technician and General written exam- 
ination material. I had suggested this 
step in two previous letters I wrote to 
you about 30 years ago. I hope you will 
continue this trend and separate code 
tests. At present, Novice and Techni- 
cian applicants must pass element 1-A, 
which is 5 WPM. At  present, General 
and Advanced applicants must pass 
element 1-B, which is 13 WPM. The 
Extra Class requirement is element I -C 
at 20 WPM. 

I believe a separate code test re- 
quirement is appropriate for each class 
of license. I think the code test speeds 
would be appropriate at 4 (Novice), 8 
(Technician), 12 (General), 16 (Ad- 
vanced), and 20 (Extra Class). 

Most beginning Novices send code 
about [at1 3 WPM. A code test at 4 
WPM is more appropriate to their ini- 
tial needs. The receiving test should be 
restored to forward-reading plain lan- 
guage text that just includes letters. 
Punctuation marks, numerals, and 
work signs were previously restricted 
to the sending test, which should still 
be suitable. The international require- 
ment is that all applications for 
Amateur Radio operator licenses, that 
involve operating privileges below 30 
MHz, must prove their ability to 
receive (by ear) and to send (by hand) 
the International Morse Code. I believe 

ficial. The proposed 8 and 12 WPM 
Technician and General code test re- 
quirements should help increase up- 
grades. 

Similarly, the difference between 13 
and 20 WPM is pronounced. The pro- 
posed 16 WPM Advanced code test 
requirement would be more conducive 
to upgrading to the 20-WPM Extra 
Class requirement. 

Each step up in license grade entails 
increased operating spectrum where- 
in code may be used. It seems reason- 
able that the associated code test 
speed requirements should be separate 
and evenly stepped from the lowest to 
the highest license. 

I have conducted Amateur Radio 
operator licensing courses every year 
since 1948. 1 am very active helping 
students. I know their problems and 
needs. 

I hope you will give this matter 
prompt attention. 

William G. Welsh, WGDDB, 
Burbank, California 91504-3297. 

KLM balun 
Dear HR: 

Over the past year there it has been 
stated that some of our antennas (the 
11X, 13LBA, and 16 LBX for 2 meters 
and the 14X and 22LBX for 220 MHz) 
had extremely high VSWR because 
the baluns were of the wrong length. 
These antennas are very sensitive; 
their leads must be as short as possible 
and balanced. 

To remove any possibility of con- 

necting the antennas improperly, we 
have developed a connector that is be- 
ing supplied on all new antennas. In 
addition, anyone who has one of the 
antennas identified above may call us, 
toll-free, at 1-800-538-2140 (outside 
California) or 408-779-7363 (collect, 
from within California), and we'll be 
happy to send a connector free of 
charge. 

W.M. Scott 
MirageIKLM Communications 

Equipment, Inc. 
P.O. Box 1000 

Morgan Hill, California 95037 

novice calling 
frequency 
Dear HR: 

The 10-meter Novice band still 
needs an easy-to-remember calling fre- 
quency. I suggest making 28.1010 
MHz the Novice 10-meter calling fre- 
quency. So, get in 28.1010 and give a 
call! 

Henry Hampel, KAOTUP, St. 
Louis, Missouri 63116 

elmers at work 
Dear HR: 

Received my ham radio today and 
as usual found some interesting read- 
ing. I think your new column, "Elmer's 
Notebook," by Tom McMullen, 
W1 SL, can become a very useful part 
of the magazine, depending upon how 
it's handled. 

We've established an Elmer commit- 
tee in our club. Committee members 
are available to help out new Novices, 
and the committee has a supply of 
equipment to lend to the new hams 
until they can get some of their own. 

In checking back on about 100 
Novices licensed in the past several 
years, we found that may of them 
never became active. By actively work- 
ing with new Novices as they become 
licensed, perhaps we'll be able to keep 
them interested. 

George A. Diehl 
Chatham. New Jersey 07928-1179 

6 September 1987 



MFJ ACCESSORIES 
MFJ's BEST 300 WATT TUNER HAS A CROSS-NEEDLE METER THAT READS SWR, FORWARD 
AND REFLECTED POWER - ALL AT A GLANCE qualtty conventences and a clutter-tree shack at a super prlce. 

A cross.necdle SWWWmmaer owes vnu SWR. forward and reflected mwer 
~ ,~~ - , - ~ - - - - ..... 

.. all at a single glance. SWR IS aitomatically computed with no controlito - 
set. 30 and 300 watt scale on easy-to-read 2 color lighted meter (needs 12  V) 

A handsome black brushed alumlnum CablM rnatches all the new rigs. Its 
compact size (1 0 x 3 x 7 Inches) takes only a little room. 

YOU can run full transceiver power output -- up to 300 watts RF output ..and 
match coax, balanced llnes or random wlres from 1.8-30 MHz. Use % to tune 
out SWR on dipoles, vees, long wlres, verticals, whips, beams and quads. 

A 300 w m  50 ohm dummy load gives you quick tune ups and a versatile 
six pos~tion antenna sw~tch lets you select 2 coax lines (dlrect or thru tuner). 
random wlre or balanced llne and dummy load. 

A lame etliclent alrwound Inductor .. 3 inches In diameter .- aives w u  ~ len tv  
MFJ-949~ MFJ" best 300 wan tuner Is now even M e *  of matihtng range and less losses for more watts ovt 100 vohtunlk  

The MFJ-949C all.ln.one Oeluxe Versa Tuner II glves capacitors and heavy duty swltches give you safe arc free operation A 4:l 
you a tuner, cross needle SWR/Wattmeter, dummy load, balun 1s bu~lt In to match balanced llnes 

$ 4995 antenna swltch and balun ln a compact cabinet You qel Odw your convenlem pckape now and ,. 
MFJ 12/24 HOUR LCD CLOCKS . REMOTE ACTIVE ANTENNA , MFJ "DRY" DUMMY LOADS 

Reader Serv ice  C H E C K O F F  P a g e  106 J 172 September 1987 7 

54 hch remote adlve antenna mounts outdoor 
away from eleclrlcal nolse for maxlmum s~gnal and 
mlnurnum noise ptckup. Often out~ertorms long- 

.. . . . . " .  MFJ-260 

shack. Choose lrom a dual clock that displays UTC 
and local time or the slngle unit that displays 24 
hour time. 

Mounted In a kushsd alumlnum ham, these 
3 x 3 ~ 1 3  in. Alum. houslng. 

MFJ-1024 
$129.95 MFJ DELUXE ELECTRONIC 

KEYER 
nating time.date display mode. MFJ.108, 4 ' /~!x2 
inches: MFJ.107. 2'14x1~2 Inches. Battery included. 

MFJ-9628 VERSA TUNER Ill 

, 

MFJ-9628 $229.95 
Run up to 1.SK-W PEP and match any (ndllnc 

continuously from .9 to 30 MHz: coax, balanced 
line or random wlre. 

U g ~ e d  Cmss.n@k M e r  reads SWR, forward 
and reflected power In one glance. Has 200 and 
2000 wan ranges. 6 position antenna switch 
handles 2 coax Ilnes, random wire and balanced 
lines. 4 : l  balun. 250 pf. 6 kv variable Capacitors. 
12 position ceramic Inductor switch. Smaller size 
matches new ngs: 10% x 4% x 14 718 ~nches. Flip 
stand lor easy viewing. Requires 12V for Ilght. 

MFJ RANDOM WIRE TUNER 

MFJ's ultra 
mmpaci 200 
wan random whr . . -. , 
tuner lets you 

uslng a random wire. Great for apartment, motel. 
camping. Tunes 1.8.30 MHz. 2 x 3 ~ 4  inches. 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO MFJ TO ORDER OR FOR YOUR NEAREST 
OBLIGATION. IF NOT SATISFIED RETURN WmIN 30 DEALER CALL TOLL FREE 
OAYS FOR A PROMPT REFUND (less shipping). 

Onp year uncondtllonal guarantee Add $5.00 
each shtppinglhandltng Call or write for free catalog. 
over 100 products MFJ ENTERPRISES. IW. Call 601.3235869 ~n Miss. and outside 

MFJ . . . making quality affordable 

MFJ.815 SWRIWATTMETER $5gmgtj 
MFJ,s cmss-needle 

~ w ~ ~ ~ a n m e t e r  
glves you SWR. 
forward and re- 
fleeted power .- 
all at a single 
glance! SWR is 
automatically 
computed - no controls to adjust. Easy-to-use 
push buttons select three power ranges that give 
you ORP to full legal l~mit power readings. Reads 
201200/2000 W forward, 51501500 W reflected 
and 1 : l  to 1:s SWR on easy-to-read two Color 
scale. Lighted meter needs 12 V. + 10% full 
scale accuracy. 6'1zx3'/~x4'/z inches. 

COMPACT SPEAKER- 
MFJ-280 $1 8.95 

~ o b l l e  speak~.  T ~ I ~  bracket on @ 
magnetic base 3'12 mm phone .. . 
plug. use with 8 and 4 ohm im. 

. - 
, . 

pdances. Handles 3 watts audio. .-. ' . 
HANDHELD TELESCOPING 
ANTENNAS WITH BNC 
MFJ-1710. $9 95, 318 wave 2 meter. 
Pocket cl~p. 5%" . 24'12''. 
MFJ-1712. $14.95, '14 wave 2 meter: 
518 wave 440 MHz, 7%" . 1 9 .  I I MFJ-1714, $16.95, % wave 2 meter. 
End-fed halfwave dipole. Shorter, ,J 
lighter, more galn, less stress than 
518 wave mounted on handheld. When 
collapsed it performs like rubber duck. I ':. 

f&~c;; ni 
,Y 

MFJ-IO'IB Oeluxe Elcctmnlc Keyer sends ~ambic. 
automatic, seml auto or manual. Use squeeze. 
single lever or stra~ght key Pluslm~nus keylng. 8-50 
WPM. Speed, we~ght, tone, volume controls. OnIOff. 
Tune. Semi.auto switches. Speaker. RF prool. 
7 x 2 ~ 6  inches. Uses 9 V battery. 6.9 VDC or 110 
VAC with AC adapter, MFJ-1305 $9,95. 

ANTENNA CURRENT PROBE 

MFJ-206 $79.95 
W J  Antenna hmn! Robe lets 

Y ou monitor RF antenna currents -. 
no connections needed! Determine 
current distribution. RF radiation 
pattern and polarization of 
antennas, transmission lines. 
ground leads, building wiring, guy 
wires and enclosures. 

Determine H ground synem Is eflectlve 
Pinpoint RF kakrps in shielded enclosures. 
Locale bast plrce for mobile antenna. 
Use as tuned t~eld strength meter. 
lndicate lransmlssbn Ine d l r t l o n  due to high 

SWR, poor shield~ng, antenna unbalance. 
0*eci reradiation lrom gutters, guy wires that 

can dtstorl antenna field patterns. 
Montlon RF current. 1.8-30 MHz. Has senslivity, 

bandsw~tch, tune controls, telescoping antenna for 
field strength meter. 4 x 2 ~ 2  Inches. 



design a no-tune amplifier 
with your personal computer 

Try a broadband approach 
for instantaneous coverage 

When a friend asked how a no-tune amplifier is 
designed, I had to say I really didn't know. It seemed, 
at the time, that if one were to use a low-Q circuit to 
convert the calculated plate load impedance to some 
other value - say 50 ohms - and then follow it with 
a symmetrical multi-section low-pass filter for that im- 
pedance, a semblance of a "no-tune" amplifier could 
be designed. Because some circuit analysis would 
appear to be necessary, it occurred to me that a per- 
sonal computer could be an important tool in such a 
project. 

To be truly "no-tune," an amplifier should be cap- 
able of operating over its intended range without be- 
ing retuned; that is, its efficiency and power output 
should not be degraded. An rf power amplifier must 
have a tank circuit of sufficient Q to maintain a sinusoi- 
dal voltage on the plate, but the broadband require- 
ment would seem to be a tank of low Q. There are 
economic factors to consider (how many compo- 
nents? what quality?) and, as it developed, questions 
about how many unknown currents would have to be 
calculated; this has a direct bearing on the complex- 
ity of the calculations. 

The design described here developed from the origi- 
nal assumptions of a low-Q tank followed by a 
Chebyshev five-element low-pass filter. Partial circuits 
are shown in figs. 1A and 16. 

tank design 
Two obvious possibilities for the tank design are 

Pi-section and L-section tank circuits. In the former, 
Q is selectable (down to some minimum value), and 
in the latter, it usually isn't. Because the no-tune con- 
cept requires a lower 0, and because there's one less 
component, the L-section was chosen. This particu- 
lar design is based on an amplifier with two 3-500Zs 
whose plate load resistance has been calculated as 
2080 ohms. The design center frequency is 14.2 MHz. 
The amplifier also has plug-in tank and filter circuits 
(shades of World War II!), but that bears little on the 
design calculations. 

L-section calculations 
The algebraic equations for the tank circuit design, 

available from several sources,' are: 

XL = d R I  R2 - R22, and 
X ,  = ( - R I  R2) / XL) for R I B  R2 

A small BASIC program for computing the values 
is provided in fig. 2. Although Q isn't mentioned in 
the program, it can be calculated easily in this case by: 

The value calculated is adequately low for our pur- 
poses, but too low to be used without some kind of 
a follow-up filter; one wouldn't build an amplifier with 
only these characteristics, however. Figure 3 shows 
the values of Q for L-sections that convert to 50 ohms. 
Coincidentally, they're the minimum values obtaina- 
ble with the Pi-section. 

By W. J. Byron, W7DHD, P.O. Box 2789, 
Sedona, Arizona 86336 

8 September 1987 



the low-pass filter selected has the following characteristics: 

Low-pass filters can be designed either from scratch 
f (-3 dB): 1.638 MHz 

or from tables produced by  other^.^ The first filter 
f(-20 dB): 2.349 MHz 
f(-50 dB): 4.48 MHz 

LL L I  L  3  L  5 

3 4  3 3  OHMS 3:; 3;; 

fig. 1A. Basic matching circuit: the L-section on the left 
transforms 2080 to 50 ohms; the symmetrical low-pass 
filter on the right operates at 50 ohms input and output, 
and has a cut-off frequency of 16.38 MHz. 

R  L I = L L + L I I F I L T E R I  1 3  L  5 

4 009pH 0 974pH 0 4377pH 

3 3 0  5 0  

fig. 1B. Basic matching cilcuit: inductances L, and L1 
are combined into a new inductance, L1. The four loop 
currents used in deriving the equations in the text are 
shown with their orientation. 

L1, L5 (pH): 4.377 
C2,C4 (pF): 3300 
L3 9.747 

These numbers represent the values necessary for 
the listed frequencies. The table from which this filter 
came lists filters designed around "standard-value" 
components - in this case, the 3300-pF capacitors. 
As a result of this compromise, the VSWR of the net- 
work terminated by 50 ohms will be 1.06. The com- 
ponent values for a 10X increase in frequency will be 
one tenth of the values shown for the capacitors and 
inductances. The latter values were used for the first 
investigation. Another filter was designed from scratch 
(with the aid of the WlJR/WAlGRC CAD program3); 
the results are also presented here. It was selected to 
have the same 16.38-MHz cutoff as the filter above. 
Both have the Chebyshev response. 

The amplifier's performance can be simulated by 
actually calculating all the voltages and currents 
around the circuit. The combination of the L-section 
and five-element filter plus the 50-ohm terminating 
resistor makes a four-unknown set of equations. 
Power output is ~2.1; The plate voltage is indicat- 

10 REM R1 MUST B E  LARGER THAN R2 
20 INPUT "ENTER THE LARGER RESISTANCEV;R1 
30 INPUT "ENTER THE SMALLER RESISTANCE";R2:PRINT 
40 XL = SQR(Rl*R2-RZA2) 
50 XC = -(Rl*RZ>/XL 
60 PRINT "XL = ";XL;" Ohms, and"" XC = ";XC; " OhmsU:PRINT 
70 INPUT "ENTER THE FREQUENCY IN MHZU;F:PHINT 
80 F = F*1000000~ 
90 W = 2*3.14159*F 
100 PRINT "L = ";(XL/W>*10000001;" Microhenrys" 
110 PRINT "C = ";-(l/(W*XC))*lE+12;" Picofarads" 
120 END 
RUN 
ENTER THE LARGER RESISTANCE' 2080 
ENTER THE SMALLER RESISTANCE? 5 0  

XL = 318.5906 Ohms, and XC = -326.4377 Ohms 

ENTER THE FREQUENCY IN MHz' 14.2 

L = 3.570797 Microhenrys 
C = 34.33459 Picofarads 
Ok 

fig. 2. BASIC program for computing L-section elements. The values shown for L and C are for the example described 
in the text. 

September 1987 9 



TRANSCEIVER, CONVERTER, 
VHF-UHF-SHF 

El Conrrrr hrc. now offers from SSB Electronics of West Gertna 
nv the newest development in linear rransverters designed with 
previously unobtainable technical specs. The transverters and 
converters are offered from 6 meters through 10 GHZ. IF'S are 
available for 10 M 128-30MHZI and2 M / 144- 146MHZI. The above 
photo shows L T23.7, 1296 MHz transverter wirh 144 MHZIF. 
Power output is 10 watts w ~ t h  IF drive (28.144MHZI internally ad- 
justable to accept 1W MW to 10 watt input. The low noise figure 
GAAS-FETpreamp and mixer gives an overall noise figure of 1.8 
06 or better. A complete line of in-line and RF switchedpreamps 
are available from 2 M thru SHF. Receive only converters are avail- 
able for all bands. 

Look ro SSB E@ctronics from Val Comm Inc. for the best it1 

I 
VHF through SHFfor weak signal lo satellite communications. Val A new SS8 Electronics catalog ;s on ,IS way ro Val Comm Inc, and wc 
Comm Inc. is the only facrory authorized sales andservice of SS6 have English Iranslations lor all,tems shtpped w,tturr U. S.A.  Alldems are 

Electronics in the U. S. A. sold for U. S. dollars and are suhlt!cl lo change n~onlhlv. 

TECHNICAL DATA 
(Call for latest product developmentsl: 

L T 02s 144128 Transverter 20 Watts Converters - Recerve Only 

L T23S 12961 144 Transverter 10 Watts K 5 W l  %MHz wf28  IF 
L T33S 9021 144 Transverter 20 Watts K 2 W l  144MHZ w/28  IF 
LSM 24 Oscar Model L 10 Watts K 7W1 432MHZ w/28  IF 

K2301G 1296MHZ w /  144lF 
Ako 2M and 70 CM Transverters 

MV 144s-01 Preamp 0.5 NF 15/2508 RF Switched 1KW SHF 
MV432S-01 Preamp O.7NF 15/25 DB RF Switched 500W 2304 - SL 0 13 L I Oscil 
MY 1296s-01 Preamp 1.0 NF 16 DB RF SwitchedZWW SLA 13 Amp 4 Watts 
DCW15A Sequencer for all MVseries Preamps SRM 13 Rec/Mixer - 144MHZ 

STM 13 Xmit 
10.3 GHZ - XRM- 1 Rec/Mixer - 144MHZ 

XTM- 1 XniitlMixer - 144MHZ lWMW 
IOptiorr Ol-ZCWMWI 

XL O- 1 L /Oscil 2556MHZ 

ALBUQUERQUE, NEW MEXICO 87123 (505) 292-7509 For the hesr ;n VHF through SHF, SSB ~/ectron,cs. f l  173 
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fig. 3. The values of O available for L-sections and the 
minimum values available for PI-sections. The curve 
applies only to  sections that transform impedances to 
50 ohms. 

ed as "E" in fig. 1B. Four equations are needed to 
solve for the four currents (Kirchoff's loops require 
this). All have complex coefficients. The equations be- 
low are in simplified form, but they're the ones that 
must be solved: 

II(R~ + XCI) - I~(O + XCI) + I~(O + O) (1 A) 
+ l4(0 + 0) = (E + jo) 

- I I ( O + X ~ ~ ~ + G ~ O + X ~ ~  +x~]+xcL) ( 1 ~ )  
- 13(0 + Xc2) + 14(0 + 0) = (0 + j0) 

II(O+O)-I~ (0+xC2)+l3 (0+xC2+xL3 (IC) 
+ Xc4) - 14(0 + XC4) = (0 + j0) 

I I (O + 0) + + 0)- + XC~) (1 D) 
+ + XI~S + Xc4) = (0 +.iO) 

A short program following the simplified form above 
is used to evaluate the currents. The only real num- 
bers in the equations are Rp, R2, and E, plus the lead- 
ing zeros inside the parentheses. All other numbers 
are imaginary. The XL's are intrinsically positive, and 
the Xc's are negative (Xc - j I (2dC) .  The "coeffi- 
cients" program is listed in fig. 4. Lines 100 through 
240 provide a listing Of the reactances' which were 
useful during the design. They can be eliminated if 
desired, because the coefficients themselves are 
produced in lines 250 through 510 (including, of 
course, lines 10 through 90). An example of the out- 
put of the coefficients program is shown in fig. 5. 

Now the equations must be solved. One of the best 

UNADILLA 
REYCOIINLINE~~ 

Amateur Antenna Baluns 
For 20 years, preferred by Amateur, Commercial 
and Military Operators. First with built-in lightning 
arrester-minimizes TVI, maximizes power. 

a '  -.?$?, * * ;  @ .:; , - 4.4 .o;' 

WPAU 1.1 1 4  1 WPOU-HF 

* 
$19.95 
* W,,"."W 

$1 7.95 $19.95 
W2AU Brfmdbnd Ferrite Core Baluns 
For rnedturn power (1000 wans RF min.) and broadband operation 3-40 MHz. 
W2DU Non-Ferrite Very High Power Baluns 
W2DU-HF (High Power) 
' 1.8-30 MHz 
'3000-9000 watts with 1 :l antenna SWR 

. ' 1500-5000 watts with 2.1 antenna SWR 

WPDU-VHF (Hi h Power 
and Extended 'angel 

'30-300 MHz 
'2000-4000 wans with 1:l antenna SWR 
' 1200-2400 watts with 2:l antenna SWR 

WZAU 1:1 
'50 to 50 or 75 10 75 ohms 
'For dipoles. V's, beams, quads Purchase from any of over 

W2AU 4:l 300 dealers nationwide 

'200 10'50 or 300 to 75 ohms or order direct 
'For h~gh impedance antennas such as folded 
dipoles 

To request infonnatlonal brochure, call 

61 7-475-7831 
writ* 

UNADILLA Div. of ANTENNA'S ETC. 
PO Box 215 BV, Andover, MA 01810-0814 

Switch All Your Antennas 
Over One Coaxial Feedline 

520.15 106 Antenna 1 Antenna 2 

12 vDC 
Energizer 
(optional) 

(inlects DC (inside your 

onto coax) shack) 

This system operates fmm 1.5 to I80 MHz and handles 1250 Rf wafts. 
Use our antenna switching kit and eliminate excess coax runs. 

With this kit and a single run of coax. you can switch between 
your antennas remotely. Use to add an antenna at modest cost. 
or change array direction. 

Other types and comblnatlons of relays are available. 
Pleasecall or write us for more information, and save on your 
coaxruns, 

30 day MONEY BACK GUARANTEE on all products 
UnadillalReycollnllne is now a Division of ANTENNA'S ETC. 

I 



2x42 BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

FREQUENCY: BROAD BAND 
140-1 70 MHz 
41 0-470 MHz 

GAIN: 
VHF - 8.2dB 
UHF - 1 1.5dB 
VSWR - 1 .-1.2 or less I 
CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 

AMATEUR SPECIAL 

1275 NORTH GROVE ST. 
AN:\HEIM, C'Al.lf. 92806 
(7 14) 630-4541 

C'RI.E: N,Cl'COl.(;l.% 
M S  (714) 630-7024 
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10 R M :  SAVED AS "CHEB5" 
20 C1 = 37'.1E-I2 
In L I  - a.oos~.nooooi 
50 L n =  .9747..000001 
60 C4 = 330.lE-12 
70 L5 . .438..000001 
80 Rl = 2080 
90 R2 - 50 
100 LPRlNT"FRE0 XCl -OHMS XLI -OHMS XC2-OHMS XL3-OHMS XC4-OHMS XL5-OH 
ns " 

120 LPRlNT 
130 AS . "*1.1* # * # 1 . 1 1  1U1l l .11 11#*.1* # 1 1 1 . # 1  1 1 1 # . * M  * * 1 * . 1 1 "  
140 FOR F -14.2 TO 14.22 STEP .02 
150 W 3 2.3.14159.F.1000000' 
160 XCI =-lI<W.Cl) 

200 XC4 =-1I(W.C4) 
210 XL5 - W.LS 
220 LPRINT USING AS;F.XCl.XLI.XCZ.XL3,XC4.XL5 
230 NEXT F - - 

240 LPR1NT:LPRINT 
250 LPRIKT" COEFFICIENTS FOR GAUSS-JORDAN ELIMINATION' 
260 LPRINT 
270 LPRINT" REAL . IMAG REAL . IMAG REAL . IMAG REAL . IMAG REAL 

**.***.I*" 
300 FOR F ~ 1 4 . 2  TO 14.22 STEP .02 
310 W = 2.3.14159.F.1000000~ 
320 XCI I-IIIW.C1) . . - . . . . . - . 
330 XLl = W-LI 
340 XCZ =-1/IW.C21 
350 XL3 = W.L3 
360 XC4 =-lllW.C4) 
370 XL5 = WmL5 
380 81 = 2080, 
390 R2 = 50' 
400 A1 = R I : B ~ = X C ~ : A ~ = ~ : B ~ = - X C ~ : A ~ = O : B ~ ~ O : A ~ - O : B ~ = O : A ~ - ~ O O O : B ~ - O  
410 s1=O:TI=-XCI:S2=O:T2=XClrXL1~XC2:S3=0:T3=-XC2:S4=O:T4=O:S5-U:T5-O 
420 U I ~ 0 : V I ~ 0 : U 2 ~ 0 : V 2 ~ - X C 2 : U 3 3 O : V 3 ~ X C 2 * X L 3 ' X C 4 : U 4 ~ O : V 4 ~ - X C 4 : U ~ ~ O : V 5 ~ O  
430 YL~O:Zl~O:Y2rO:Z2=O:Y3=O:Z3=-XC4:Y4~R2:Z4~XC4~XLS:Y5~O:ZS~O 
440 LPR1NT"FREOUENCY i";F;"UHz" 
450 LPRINT USING BS; Al.Bl.A2.B2.A3.B3.A4.B4.A5,B5 
460 LPRINT USING BS: SI,T1.52.T2.S3.T3.S4.T4.SS.T5 
470 LPRlNT USING BS; U1.Vl.U2,V2.U3.V3.U4,V4.U5.VS 
480 LPRINT USING 81; Yl.Zl.Y2.ZZ.Y3.Z3.Y4,Z4,Y5.Z5 
490 LPRINTu-.......-.-------.......--.-.-------........--.------------~~ 

500 NEXT F 
510 END 

fig. 4. BASIC program for calculating the coefficients for the Gauss-Jordan elimina- 
tion solutions. 

The ORIGINATOR of the VHF AMP/PREAMP COMBO! 
YOU KNOW THE LUNAR NAME...NOW OWN THE BEST. 

Solid State Amplifiers for 50. 144. 220. 440 MHz 

I NE W! GaAs FET Receive Preamp Built-lnt 

I N E W! UHF Models of Latest Design1 

N E W! Model "2-500 tor TWO Meters... 
500 Watts Output in a Deluxe Package1 

See your Full line of 
dealer or call separate preamps 

available 
COMMI I r I l I  ATIONS 6 S Y S T E M S  DIVISION 

I 7930 Arions Drive San Diego. CA 92126 9 Telephone (619) 549-9555 Telex 181747 
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FREQ XC1-OHMS XL1-OHMS XC2-OHMS XL3-OHMS XC4-OHMS XL5-OHMS 

---- -------- -------- -------- ---_____ ________  
14.20 -302.92 357.69 -33.96 86.96 -33.96 39.08 
14.22 -302.50 358.19 -33.92 87.09 -33.92 39.13 

COEFFICIENTS FOR GAUSS-JORDAN ELIMINATION 

REAL , IMAG REAL , IMAG REAL . IMAG REAL . IMAG REAL , IMAG 
----------------- ------------- ------------- ------------- -------------- 
FREQUENCY = 14.2 MHz 

2080.00.-302.92 0.00,302.92 0.00, 0.00 0.00, 0.00 3000.00. 0.00 
0.00. 302.92 0.00, 20.80 0.00, 33.96 0.00, 0.00 0.00, 0.00 
0.00, 0.00 0.00. 33.96 0.00, 19.04 0.00, 33.96 0.00. 0.00 
0.00, 0.00 0.00, 0.00 0.00, 33.96 50.00, 5.11 0.00, 0.00 ........................................................... 

FREQUENCY = 14.22 MHz 
2080.00,-302.50 0.00.302.50 0.00, 0.00 0.00. 0.00 3000.00, 0.00 

0.00, 302.50 0.00, 21.78 0.00. 33.92 0.00. 0.00 0.00, 0.00 
0.00. 0.00 0.00, 33.92 0.00. 19.25 0.00. 33.92 0.00, 0.00 
0.00, 0.00 0.00, 0.00 0.00, 33.92 50.00. 5.22 0.00. 0.00 ........................................................... 

fig. 5. Sample of the output of the "Coefficients" program. The solution is for two frequencies, 14.2 end 14.22 MHz. The 
reactances are above, and the coefficients are below. 

techniques available is known as the Gauss-Jordan 
elimination. The main program, listed in fig. 6, is taken 
from what is probably the best source of scientific and 
engineering programs currently a~ailable.~ Its input re- 
quires that the coefficients be entered in order; the 
first real number of the first equation (Rp in this case) 
through the imaginary component of the last constant 
(jO of the right-hand side of the equation for 14. 

solving the problem 
The first attempt was to use the values for the cal- 

culated L-section above, followed by the filter from 
reference 2. Because the L-section has an inductor as 
the output and the filter was selected to have an in- 
ductor as an input element (one can also choose a filter 
with a capacitive input), these were combined into one 
inductor (see fig. 1B). With the values so determined, 
they were typed into the coefficients program. It will 
yield pages of coefficients, depending on the range 
and increments (steps) one chooses in the FOR-NEXT 
loops. 

As it turned out, although an amplifier constructed 
around these components would have worked moder- 
ately well, it would show the effects of the com- 
promises in the filter designed around standard values. 
By sweeping the frequency, it was easy to see that 
the L-section capacitor was too small. Nevertheless, 
the capacitor would have delivered 90 percent of the 
power delivered by the matched L-section alone. The 
next step was to "tune" C1 by modifying the coeffi- 
cients program to fix the frequency at 14.2 MHz, and 

then vary the value of C1. The results of this are shown 
in fig. 7. The output follows the typical resonance re- 
sponse, just as if the capacitor were tuned by hand 
in a real amplifier. From this plot, it's evident that the 
value for C1 should be changed from 34 to 37 pF. The 
results are shown in fig. 8; also shown is the response 
of an L-section and filter designed for that use, with 
exact-size components employed. 

The output of the Gauss-Jordan routine, an example 
of which is shown in fig. 9, gives currents in both polar 
and Cartesian coordinates. The "magnitude" is the 
same as a scalar value. If it appears as, say, the cur- 
rent in R2, there's no complication; use it as it stands. 
If it's necessary to know what current is flowing in C2, 
however, one must take the vector difference between 
the two currents flowing in "opposite" directions 
through C2. The source voltage for these problems 
is arbitrary; I've specified it as E + jO. All other listed 
phase angles are referenced to that voltage. They're 
important only when the design requirement might be 
a specific phase angle. Here it's not a design criterion 
- but as described above, the phase angles must be 
considered when determining the ratings of compo- 
nents used in the amplifier. 

sizing components 
The curves of fig. 7 were calculated by assuming 

an ac plate voltage of 3000. The power outputs were 
between 900 and 1100 watts. It requires just over 3500 
volts to achieve 1500 watts output. When 3500 +jO 
is used for the input to the program, l4 reaches 5.39 
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Why do ElMAC tubes deliver Other members of the ElMAC For more information on the 
more reliable hours of operation 8122W long-life family are the 8122W family of ruggedized tet- 
than the competition? Look in- 8121W,8072W94657andthe4662 rodes, call or write, Varian 
side the ElMAC 8122W. You'll tube types. Try them in your EIMAC. Ask about our 3,000 
see a cecamic pin in the top of equipment. You won't see the hour warranty. 
the grid-screen structure that difference but you will knowthe 
assures alignment, even under difference. 
the most strenuous environ- 
mental conditions. And you'll 
note that the grids are made of 
high-strength molybdenum, not 
yielding copper. But these im- 
provements don't tell the whole 
story. 
The invisible ingredient built 
into each ElMAC tube is the 
careful attention to detail, the 
continual testing and evalua- 
tion, and the engineering know- 
how that has characterized 
ElMAC products for over 50 
years. 

Varian ElMAC Dlvision 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: (415) 592-1221 

For quality, experience and d e  
pendability, rely on the Varian 
EIMAC name. The tradition of 
excellence lives on. 

50 Years of Engineering Emertise. 
14 September 1987 / 178 
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fig. 6. The Gauss-Jordan elimination routine in BASIC. (Reproduced from BASIC 
Programs for Scientistsand Engineers, by Alan R. Miller, copyright 1982, SYBEX. Inc., 
Alameda, California 94501. All rights resewed.) 

10 RE24 SIMULTANEOUS SOLUTION OF COMPLEX EQUATIONS 
20 REM BY THE GAUSS-JORDAN ELIMINATION FCNIQUE ' 
30 REH 
40 AS = "HH.HHH^^^^ " 
50 BS " = ##.###^^^^" 

60 CS = "  H H . # H # H H  H H . H H H H H  HH.HHHWH #HW.HHHHH" 
70 Ml% = 8 
80 DIM Z(8).A(8,8).C1(8).W(8,1),B(8,8),I2%(8,3) 
90 DIM D4(4,4),D5(4,4),V(4,2) 
100 P8 = 180113.14159 
110 REM 
120 REM 
130, REH 
140 GOSUB 410:REM INPUT ROUTINE 
150 GOSUB 790: REM GAUSS-JORDAN ROUTINE 
160 REM 
170 IF (N1X>5) THEN 250 
180 PRINT " MATRIX CONSTANTS" 
190 FOR IX = 1 TO NIX 
200 FOR .I% = 1 TO N2% 
210 PRINT USING AS;A(IX.JS;); 
220 NEXT J% 
230 PRINT USING BS; Z(IX) 
240 NEXT 1% 
250 PRINT 
260 IF (El% = 1 )  THEN 400 
270 PRINT" REAL 
280 PRINT 

IMAGINARY MAGNITUDE ANGLE" 

290 FOR 1% = 1 TO N2%12 
300 J% = 2*I% - 1 
310 R2 = Cl(JX) 
320 I6 = Cl(J% + 1 )  
330 M3 = SQR(R2*R2+16*16) 
340 IF (R2>0) THEN A1 = ATN(I6/R2)*P8 
350 IF (R2 = 0) THEN A1 = SGN(I6)*90 
360 IF (R2<0) THEN A1 = ATN(I6/R2)*P8+180 
370 PRINT USING CS;R2.16.M3,Al 
380 NEXT 1% 
390 PRINT 
400 GOT0 140: R M  NEXT SET OF EQUATIONS 
410 R M  
420 REM INPUT DATA 
430 REM 
440 INPUT" HOW MANY EQUATIONSV;N1% 
450 IF(NlX>(M1%/2)) THEN 440 
460 IF(N1%<2) THEN 1880 
470 N2% = Nl% 
480 FOR 1% = 1 TO NIX 
490 PRINT "EQUATION";I% 
500 KX = 0 
510 LX = 2+IX - 1 
520 FOR J% = 1 TO NIX 
530 KX = KX + 1 
540 PRINTMREAL ";JX;" "; 
550 INPUT D4(IX.J%) 
560 A(LX.KX) = D4(I%.J%) 
570 A(LX+l,KX+l) = D4(I%,JX) 
580 KX = KX + 1 
590 PRINT"1MAG ";J%;" "; 
600 INPUT Ds(IX.J%) 
6 10 A(LX.KX) = -D5(I%,J%) 

The "Flying Horse" 
sets the standards 

Contlnulng a 67 year tradltlon, we bring 
YOU three new Callbooks for 1988. 

The North Amerlcan Callbook lists the calls. 
names, and address information for 478.000 
licensed radio amateurs in  ail countries o f  

U.S. possessions. 

The international Callbook lists 481.000 
licensed radlo amateurs in  countries outside 
North America. Its coverage includes South 
America. Europe. Afrlca. Asia, and the 
Pacific area (exclusive of Hawaii and the 
U.S. possessions). 

The 1988 Callbook supplement I r a  new idea 
i n  Callbook updates. listing the activity in  
both the North American and International 
Callbooks. Published June 1. 1988. this 
SuPplement wi l l  include thousands of  new 
licenses, address changes, and call sign 
changes for the Preceding 6 months. 

The 1988 Callbooks wi l l  be published 
December 1. 1987. See your dealer or order 
now directly f rom the publisher. 

nNor th  Amerlcan Cailbook 
Inci. shipping wi th in USA 528.00 
inci. shipping t o  foreign countries 30.00 

o international Calibook 
incl. shipping wi th in USA $ 30.00 
incl. shipping t o  foreign countries 32.00 

o Callbook Supplement, published June 1st 
lncl. shipping wi th in USA $13.00 
inci. snipping t o  foreign countries 14.00 

SPECIAL OFFER 
o Both N.A. & International Callbooks 

incl. shipoing wi th in USA $55.00 
inci. shipping t o  foreign countries 60.00 .. . . . . . . . . . .  

Ill inois residents please add 6'1r% tax. 
AII payments must be I n  U S .  funds. 

RADIO AMATEUR callbook IHc. a 92s  IW'.  Slicrwood I Dr.. Box 247 
b k c  Rluff.  l L  60044. USA - ,..,I_<-. 

Tcl: (312) 234.6600 1 4 
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620 A(L%+l.K%-1) = D5(I%,J%) 
630 NEXT J% 
640 INPUTUREAL CONST " ;  V(I%,1) 
650 Z(L%) = V(I%,l) 
660 INPUTWIMAG CONST ";V(1%,2) 
670 Z(L%+l) = V(I%,2) 
680 NEXT 1% 
690 PRINT: REM PRINT ORIGINAL MATRIX 
700 FOR 1% = 1 TO N1% 
710 FOR J% = 1 TO N2% 
720 PRINT DI(I%,J%);DS(I%,J%); 
730 NEXT J% 
740 PRINT V(I%,l);V(I%,P) 
750 NEXT I% 
760 Nl% = 2*N1% 
770 N2% = NIX 
780 RETURN: REM FROM INPUT ROUTINE 
790 REM GAUSS-JORDAN ROUTINE 
800 REM 
810 REM 
820 El% = 0 
830 15% = 1 
840 N3% = 1 
850 FOR 1% = 1 TO N2% 
860 FOR J% = 1 TO N2% 
870 B(I%,J%) = A(I%,J%) 
880 NEXT J% 
890 W(I%.l) = Z(I%) 
900 I2%(1%,3) = 0 
910 NEXT 1% 
920 D3 = 1 
930 FOR 1% = 1 TO N2% 
940 REM 
950 REM 
960 REM 
970 B1 = 0 
980 FOR J% = 1 TO N2% 
990 IF (12%(J%.3)=1) THEN 1080 
1000 FORK% = 1 TO N2% 
1010 IF (12%(K%,3)>1) THEN 1850 
1020 IF (12%(K%,3)=1) THEN 1070 
1030 IF (Bl>=ABS(B(J%,K%))) THEN 1070 
1040 13% = J% 
1050 14% = K% 
1060 B1 = ABS(B(J%,K%)) 
1070 NEXT K% 
1080 NEXT J% 
1090 12%(14%,3) = 12%(14%,3)+1 
1100 IP%(I%,l) = 13% 
1110 12%(1%,2) = 14% 
1120 REM 
1130 IF (13% = 14%) THEN 1270 
1140 D3 = -D3 
1150 FOR L% = 1 TO N2% 
1160 H1 = B(I3%,L%) 
1170 B(I3%,L%) = B(I4%,L%) 
1180 B(I4%,L%) = H1 
1190 NEXT L% 
1200 IF (N3%<1) THEN 1270 
12 10 FOR L% = 1 TO N3% 
1220 H1 = W(I3%,LX) 
1230 W(I3%.L%) = W(I4%,L%) 
1240 W(I4%,L%) = HI 
1250 NEXT L% 
1260 REM 

2.30 MHz 12V(' - 28V) 
PIN Rating Net €8. Match PI 

MRF412,lA 80W S18.00 S45.00 
MRF421 Q 100W 22.50 51.00 
MRF422' 150W 38.00 82.00 
MRF428,IA' 25W 18.00 42.00 
MRF433 12.5W 12.00 30.00 
MRF448,iA Q 30W 12.50 30.00 
MRF450,IA Q 50W 14.00 31.00 
MRF453,IA Q 80W 15.00 35.00 
MRF454,IA Q 80W 15.00 34.00 
MRF455,IA Q 80W 12.00 28.00 
MRF458 80W 20.00 46.00 
MRF475 12W 3.00 9.00 
MRF478 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF470 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 Q 9OW 16.75 37.50 
SRF2072 0 85W 13.00 30.00 
SRF3882 Q 110W 25.00 54.00 
SRF3775 Q 75W 14.00 32.00 
SRF3795 Q BOW 18.50 37.00 
3800 0 IOOW 18.75 41.00 
2SC2200 80W 10.75 45.50 
2SC2870 0 IOOW 25.00 56.00 

Q = S.1ect.d High Gain Matched Ouads Avallabla 

VHNUHF TRANSISTORS 
Rating MHz Net €8. 

MRF224 40W 138.174 13.50 
MRF237 4W 138.174 3.00 
MRF238 30W 138.174 13.00 
MRF239 30W 136.174 15.00 
MRF240,IA 40W 138.174 18.00 
MRF245 80W 138.174 28.00 
MRF247 75W 138.174 27.00 
MRF807 1.75W 136.174 3.00 
MRF841 15W 407.512 22.00 
MRF844 25W 407.512 24.00 
MRF646 40W 407.512 28.50 
MRF84d BOW 407.512 33.00 
SO1441 l5OW 138.174 74.50 
so1447 loow 138.174 32.50 
2N5501 25W 138.174 13.50 
2 N W O  4W 138.174 7.75 
2N8081 15W 138.174 9.00 
2 N W 2  25W 138.174 10.50 
2N8083 30W 136.174 11.50 
2N6084 40W 138.174 13.00 

Me W Pr. 
32.00 - 
30.00 
35.00 
41.00 
65.00 
83.00 - 
40.00 
54.00 
59.00 
80.00 

170.00 
78.00 
34.00 - - - 
24.00 
31.00 

MISC. TRANSISTORS & MODULES 
MRF134 S18.00 MRF497 14.25 
MRF138 21.00 2N1522 10.50 
MRFI36Y 70.00 2N3888 1.25 
MRF137 24.00 2N4048 10.50 
MRF138 35.00 2N4427 1.25 
MRF140 89.50 2N5500 10.00 
MRF148 35.00 215642 13.75 
MRF150 89.50 2N5643 15.00 
MRF172 82.00 2N5846 18.00 
MRF174 80.00 2N5045 10.00 
MRF2DI) 11.50 2N5046 13.00 
MRF212 18.00 2SCZ007 28.50 
MRF221 10.00 2SC2237 13.50 
MRF280 7.00 2SC19W 3.00 
MRF281 B.00 S10.12 13.50 
MRF262 9.00 SAV6 34.50 
MRF284 13.00 SAV7 34.50 
MRF408 14.50 SCIOIB 50.90 
MRF428 55.00 SCI027 47.50 
NE41137 3.50 M57737 47.50 

Selected, matched flnals for Icom, Atlas, Ysesu, KLM, 
Kenwood, Cubic, TWC, etc. Technical asslalance and 
cross.relerence on CD, PT, SD. SRF and 2SC PINS. 

Quantlty parts usrrs-call lor quote 

WE SHIP SAME DAY C.O.D.IVISAIMC 
Mlnlmum Order-Tlvenly Dollars 

(61 9) 744-0728 
FAX: 18191 744-1943 
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COMMUNICATIONS EQUlPMENT,INC. 

P.O. BOX 1000 MORGAN HILL, CA 95037 

- 
I" IS THE ONLY SMART INTER- 

: FACE BOX THAT WORKS WITH SILI- 

' KEEPS ANTENNAS AIMED 

WARRANTY FROM MIRAGEIKLM. 
FEATURES INCLUDE: "MTI" OFFERS ONE YEAR SOFT- * SWITCH SELECTABLE - ELEVATION FROM 0' - 90° AND O0 - 180° WARE SUPPORT TO REGISTERED . - ELEVATION SCALING XI  OR X2 OWNERS. 

- NORTHERN OR SOUTHERN HEMISPHERE "MTI" IS AVAILABLE FROM 
- MANUAL OR AUTOMATIC MODE MlRAGElKLM ONLY. CALL FOR . - BAUD RATE (300 - 2400) MORE DETAILS ... 

100 PAGE DETAILED MANUAL 
CABLE FOR KENPRO'S'" "A" SERIES CONTROLLER 

(408) 779-7363 or outside CA, 
(800) 538-21 40 

L E I O M E E / K L M  H lWI 
COMMUNICATIONS EQUIPMENT,INC. 

P.O. BOX 1000 MORGAN HILL, CA 95037 CALL YOUR DEALER 

(408) 779-7363 
TO ORDER ONE NOW! 

(800) 538-21 40 (outside CA) 

440-6X 
ELECTRICAL: ......................... BANDWIDTH 144.148 MHz 

BANDWIDTH ......................... 420-460 MHz 
G 
v 

.................. ................ 

F NO GROUND PLANEREOUIRED 
B 
FEED IMP .. 50 ohm 
BALUN ..................................... 4 1  coax 

........................................... MECHANICAL: MAST 1 I '  0.d. 
ELEMENT LENGTH .................. 13%" max. 
BOOM LENGTH ............... .. ............ .28" 
TURN RADIUS ............. ... ............... 28" ELECTRICAL: 

................ .... BANDWIDTH .. 220-224 MHz 
........................................ GAIN 1.8 dBd 

.............................................. 
............................... 

VSWR 1.51 
FEED IMP 50 ohms 

440-1 OX 
NO GROUND PLANE REQUIRED 

ELECTRICAL: 
......................... BANDWIDTH 420460 MHz 

G A1 1.2 dBd 
........ VSWR .................................... .... 1 5 1  

FIB ................................................... 20 dB 
BEAMWIDTH ..................................... .4E0 
FEED IMP 50 ohm ELECTRICAL: ....................................... 

....................... 
BALUN 4 1  coax BANDWIDTH 420.170 MHz ......................................... 

MECHANICAL: 
ELEMENT LENGTH ................. 13%" max. ..................................... FEED IMP 50 ohms 

.................................. BOOM LENGTH 64" 
TURN RADIUS .................. .. ............ 64" NO GROUND PLANE REOUIRED 

WINDLOAD ............................... 4 sq. n. I MECHANICAL: 

WEIGHT ................................ .. 1 Ibs. 
ALL CJ ANTENNAS INCLUDE 
INSULATED SUPPORT MAST 
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1270 P1 = B(I4%,14%) 
1280 D3 = D3*P1 
1290 B(I4X.14X) = 1 
1300 FOR LX = 1 TO N2X 
1310 B(I4X.LX) = B(I4X,LX)IPl 
1320 NEXT LX 
1330 IF (N3%<1) THEN 1390 
1340 FOR LX = 1 TO N3X 
1350 W( I4X.LX) = W( 14X.LX) IP1 
1360 NEXT L% 
1370 REM 
1380 REM 
1390 FOR L1% = 1 TO N2X 
1400 IF(L1X = 14%) THEN 1500 
1410 T = B(LlX.14X) 
1420 B(Ll%.I4%) = O  
1430 FOR L% = 1 TO N2X 
1440 B(L1X.LX) = B(Ll%,L%) - B(I4%.LX)*T 
1450 NEXT L% 
1460 IF (N3%<1) THEN 1500 
1470 FOR L% = 1 TO N3X 
1480 W(LlX.LX) = W(L1X.LX) - W(I4X,LX)*T 
1490 NEXT L% 
1500 NEXT L1X 
1510 NEXT 1% 
1520 R M  
1530 REM 
1540 REH 
1550 FOR 1% = 1 TO N2% 
1560 LX = N2X -1% + 1  
1570 IF(I2X(LX.l) = 1246cLX.2)) THEN 1650 
1580 13% = I2X(LX,l) 
1590 14% = 12%(LX,2) 
1600 FOR KX = 1 TO N2X 
1610 H1 = B(KX.13X) 
1620 B(KX.13X) = B(K%,I4%) 
1630 B(KX.I4%) = HI 
1640 NEXTKX 
1650 NEXT 1% 
1660 FOR KX = 1 TO N2X 
1670 IF(I2%(K%.3)<>1) THEN 1850 
1680 NEXT K% 
1690 El% = 0 
1700 FOR 3% = 1 TO N2X 
1710 C1( 1%) = W( IX.1) 
1720 NEXT 1% 
1730 IF( 15% = 1 )  THEN 1870 
1740 PRINT 
1750 PRINT " Matrix Inverse" 
1760 FOR I%= 1 TO N2X 
1770 FOR J% = 1 TO N2% 
1780 PRINT USING AS; B(IX,JX); 
1790 NEXTJX 
1800 PRINT 
1810 NEXT 1% 
1820 PRINT 
1830 PRINTWDeterrninant = ";D3 
1840 RETURN: R M  IF INVERSE IS PRINTED 
1850 El% = 1 
1860 PRINT-ERROR - Matrix is Singular" 
1870 RETURN: REM From Gauss-Jordan Subroutine 
1880 END 

' BLACK DACRON@ PMW3TER 
ANTENNA ROPE 

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

LET US INTRODUCE OUR DACRONm -- - -  - - - - - - - - - - 

ROPE TO YOU SEND YOUR NAME AN0 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION 

Dealer lnqutrles lnvtted 
In Auslral!a contact 

ATNAnlmnas Btrchlp Vlclona ... "..<.. ,.... . 2472E&WAW..BUILOING21 
s y n t h e t i c  VENTUM CALIFORNIA 93m 
text i les, inc. laas) 658-im 

. . . .  . . "  I 
KENNEDY ASSOCIATES 

Stocking all major lines. San Antonio's 
Ham Store. Great Prices-Great Service. 
Factory authorized sales and service. 
Hours: M-F 106; SAT 9-3 

KENWOD 
VAEBU 
H ~ J "  

Amateur Radio Division 
5707A Mobud 

San Antonio, TX 78238 
Telephone: 512-680-6110 

l...I~ @@ 
I-, 

Torold C m s .  
Iron Powder 
& Ferrite. 
Ferrite Beads. 
Fenlte Rods. 

I I Free catalog and w~nding chart on request. 
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SURSCRIPTION 

U m k h T 9 S  REALLY 
HAPPENING 

IN HOME 

A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to STVn' you will 
receive a FREE LCD CalendarIClock. 

a Only $19.95 per year (12 monthly issues) 
$1 .OO for sample copy 

IF YOU HAVE 
A SATELLITE 
SYSTEM, THEN 
YOU REALLY 

The best in satellite programming! Featuring: +All 
Scheduled Channels +Weekly Updated Listings 
+Magazine Format +Complete Movie Listing +All 
Sports Specials +Prime Time Highlights +Specials 
Listing and +Programming Updates! 

a Only $45.00 per year (52 weekly issues) 
2 Years $79.00 (104 weekly issues) 
$1 -00 for sample copy 

Visam and Mastercard" accepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

STV@/OnSat@ 
P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1-800-438-2020 

amperes. Thus the calculated power output is about 
1453 watts. 

What stress is there on the rf amplifier components? 
The first thing we see is the voltage across C1. Com- 
mon sense dictates that C1 should have a voltage rat- 
ing of perhaps 4000 volts. The current through it is 
less than that flowing through C2. It doesn't seem to 
be a problem; there's less stress on that capacitor than 
there would be if the circuit had been a Pi-section. One 
normally assumes that the heaviest currents are locked 

2 "W- 
L 

I - 
2 1050-- 

5 

5 
: i w o - -  

950.- 

900.- 

850.-  

BOO-- 

?50-- 

700.- 

650-  

up in the tank. But that's not so in this case; the heav- 
iest rf current in the whole system is in the midsec- 
tion of the filter! It's nearly 10 amperes for E = 3000 
peak ac volts, and will be even higher for the 3500 + 
volts required for maximum legal output power. 

Let's calculate the current through C4, the differ- 
ence between l3 and 14. The vector difference is: 

4 

3 0  3 2  3 4  36 3 8  1 0  

I3 = - 7.327 + j2.835 
I4 = 2.356 + j4.844 
IC4 = I3 - I4 = -9.683 - j2.009 
lc4 (scalar) = 9.89 amperes 

C, ( O F )  

fig. 7. The results of "tuning" C1. The frequency was held 
constant and C1 was varied fro:, 30 to 40 pF. The verti- 
cal scale is the power output 14.R2. 

The voltage across C4 is: 

Similar calculations can be made for all the other com- 

- 
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ponents. While "postage-stamp" capacitors could 
stand the voltage, they wouldn't tolerate the nearly 
10-ampere current. Large transmitting-type or home- 
made capacitors must be used. 

The capacitors for this amplifier are constructed 
from thin copper sheet, aluminum, and 0.030-inch 
TeflonTM sheet. For the 20-meter band, C2 and C4 are 
both approximately 300 pF. A homemade two-plate 
capacitor would measure only a few square inches in 
area; one side would be the amplifier chassis (or in this 
case, the bottom plate of the plug-in). All coils are 
fabricated from No. 10 copper wire. Had this been a 
Pi-section tank or even a Pi-L tank with the equiva- 
lent attenuation ratio of this design (without follow- 
up filter) the loaded Q would have had to be greater 
than 30, and the tank coil itself would have to be made 
of 1 /Cinch diameter or larger copper tubing. 

The same Gauss-Jordan routine may be used to cal- 
culate the attenuation at higher frequencies. Use the 
design values for components in the coefficients pro- 
gram, but change the frequency range and steps. The 
calculated attenuation at the second harmonic of this 
design is better than 50 dB; it's plotted in fig. 10. 

All of the foregoing involves calculations with com- 
plex numbers. Figure 11 contains BASIC routines that 

; I l O o c  

L 

P 
hl 

$ 
Q 

k 
: 

1050 . .  

1 0 0 0 - -  

9 5 0 . -  

2080 -302.92 0 302.92 0 0 0 0 3000 0 
0 302.92 0 20.8 0 33.96 0 0 0 0 
0 0 0 33.96 0 19.04 0 33.96 0 0 
0 0 0 0 0 33.96 50 5.11 0 0 

REAL IMAGINARY MAGNITUDE ANGLE 

0.61960 0.00354 0.61961 0.32768 
0.59526 -5.64561 5.67690 -83.98114 
-5.89132 3 . 4'-"' ~ 6 ~ 4  6.81519 149.81880 
2.70776 3.72465 4.60489 53.98348 

fig. 9. Sample of the Gauss-Jordan program output. The 
numerical is the input matrix which contains all the 
coefficients, while the listing below represents the cur- 
rents l, through l., in cartesian ( I ,  kjl,) and polar coor- 
dinates (l10). 

L-SECTION l L O N E  

C A D  DESIGN 

A F T E R  TUNING Cl- ? 
B E F O R E  T U N I N G  CI 

:____----- 

14.0 14.1 14.2 14 3 14 4 

can be used as they stand, included as subroutines 
that can be used as is, or be included as subroutines 
in a larger program. The solution in the figure is for 
Ic4. 

conclusion 
While the bulk of this work was done on a TandyTM 

2000 and the programs are written in MS-DOS BA- 
SIC, even the large matrix-handling program 

1 l M H l l  

fig. 8. Power output over the 20-meter band using four different configurations. Note the difference between the "before 
and after tuning" data. 
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Low pass T.V.I. filters frc 
Barker & Williamsor~ 

F r b q u m  
P- Cul On 01 MDilrnurn Mlnlmum h.qwnCv 

Model m) hbq- Anenuollon A M w o l l m  Pang. R!-=s 
- -- 

160/1500 iWO* 34 MHz - ~ 52 MHz 70 db 1 6  30 - M=&: - . . .  
60/100 100 44 MHz - 57 MHz @I db 18-30 MHz ~$22.50' 

- -  - -  ~p 
-- 

G ~ S W  & %MHz -- 63 M M  70 db bmeter $36.00' - - ~- - -- 

F L ~ I ? ~  l o o  % MHZ a M H ~  50 db 6 m e t ~  $25.00'  

All above to match 
5Oohm transmitters 
and antennas. 

'Add $2 hipping 
and handling 

ALL CUR PRODUCTS MADE IN 
BAREER a WILLW 
Qual~h/ Cornmunicotion Products Slnc 
At you1 Distributors wrlte Or 

@ ;;;;)m;;St;eriitol PA 

Subscribe Today To The 
World's Leading Magazine For 
Shortwave & Scanner Listeners! . International Broadcastlng 

Utility Monlloring 
Scanners 
Shortwave and Longwave 
Satellites - Eleclronic Prolects 
Listening Tips 
Frequency Lista 
Equipment Revlews 
News-breaking Articles 
Feature Articles . Exclusive Interviews 
Insights by the Experts 
New Products 

Each month MONITORING TIMES. the first w~de- 
spectrum listener's publication and still the best, brings 
you 64 giant tabloid pages of late-breaking information 
on every aspect of monitoring the radio spectrum. 

Fast-paced and information-packed, MONITORING 
TIMES consistently scoops the publishing industry. 

ORDER YOUR SUBSCRIPTION TODAY before 
another issue goes by: only $15 per year (U.S. and 
Canada), $22 per year (foreign) or send $1 for a sample 
issue (foreign send 2 IRCs). 

MONITORING TIMES 
P.O. Box 98 Brasstown. N.C. 28902 

L 
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fig. 10. Calculated total network responses from 14.0 to 
30.0 MHz. Both the text-designed and the CAD designed 
network responses are plotted. 

represented by the Gauss-Jordan routine can be per- 
formed on the Commodore 641M if the formatting lines 
(PRINT USING) and the integer symbols (%)  are 
removed. It takes 30 to 45 seconds for the first solu- 
tion to a four-current problem to appear on the C-64; 
the T-2000 requires only 6 seconds. With a compiled 
program the answers seem to appear instantaneously. 

A few pertinent comments about using the Gauss- 
Jordan routine in this context are in order. The pro- 
gram will handle up to eight equations, but four seem 
to  be the maximum number of equations one would 
want to try to solve. The execution time increases as 
approximately the cube of the number of equations, 
and there's a continuous rounding-off of the answers. 
While double-precision might help, the C-64 doesn't 
offer it, and I'd prefer to have this article remain use- 
ful to owners of the Commodore machines. 



1 0  P R I N T "  COMPLEX AR i W M E T  I C : " 
2 0  P R I N T "  ADD, SUBTRACT, MULTIPLY OR D I V I D E "  
3 0  P R I N T "  TWO COMPLEX NUMBERS" 
4 0  P R I N T :  
5 0  I N P U T  "ENTER REAL PART, F I R S T  NUMBER";RLl 
6 0  I N P U T  "ENTER IMAGINARY PART. F I R S T  NUMBER"; IMl  
7 0  I N P U T  "ENTER REAL PART. SECOND NUMBER";RL2 
8 0  I N P U T  "ENTER IMAGINARY PART, SECOND NUMBER"; IM2:PRINT: 
9 0  S IGNS= " - "  
1 0 0  1NPUT"ADD (1). SUBTRACT ( 2 ) .  MULTIPLY ( 3 ) .  OR D I V I D E  ( 4 ) " ; Q :  
1 1 0  ON Q GOT0 2 0 0 .  3 0 0 .  4 0 0 .  6 0 0  
1 2 0  GOT0 1 0 0  
2 0 0  R L  = R L l + R L 2 : I M = 1 M l + I M 2 : G O T O  6 3 0  
3 0 0  RL=RLl-RL2:IM=IMl-IM2:GOTO 6 3 0  
4 0 0  RL=RL1*RL2-(IMl~IM2):IM=IM1*RL2+RL1*IM2:GOTO 6 3 0  
6 0 0  RL=(RL1*RL2+IMl*IM2)I(RL2-2+IM222) 
6 1 0  IM=(IMlcRL2-RL1*IM2)I~RL222+IM222) 
6 3 0  I F  ABSCIM) = In THEN S I G N S = " + "  
6 4 0  PR1NT:PRINT"THE ANSWER I S  ( " ;RL ; "  " ;SIGNS;"  J " ; A B S ( I M > " ) "  
6 5 0  PRINT: INPUTUANY MORE' Y OR N " ; B S : P R I N T  
6 6 0  IF B S = " Y 0  THEN 5 0 :  E L S E  6 7 0  
6 7 0  END 

RUN 
COMPLEX ARITHMETIC:  

ADD. SUBTRACT, MULTIPLY OR D I V I D E  
TWO COMPLEX NUMBERS 

ENTER REAL PART. F I R S T  NUMBER? - 7 . 3 2 7  
ENTER IMAGINARY PART, F I R S T  NUMBER' 2 . 8 3 5  
ENTER REAL PART. SECOND NUMBER' 2 . 3 5 6  
ENTER IMAGINARY PART. SECOND NUMBER' 4 . 8 4 4  

ADD (1 ) .  SUBTRACT ( 2 ) .  MULTIPLY ( 3 ) .  OR D I V I D E  ( 4 ) '  2 

THE ANSWER I S  ( - 9 . 6 8 3 0 0 1  - J 2 . 0 0 9  ) 

ANY MORE7 Y OR N ?  N 

f ig .  11. BASIC "four-factor" rou t ines  f o r  t h e  man ipu la t ion  o f  t w o  c o m p l e x  numbers.  
Use fu l  as it stands, it i s  a lso use fu l  f o r  inc lus ion  as steps in larger  programs. T h e  solu- 
t i o n  i s  f o r  IC,. 

This article has defined a design 
problem, outlined the steps used to 
solve it with a PC, and produced a 
viable design that could probably be 
built with reasonable assurance that 
the final product would work. What 
began with an innocent question - 
"How is a no-tune amplifier design- 
ed?" - has ended with an amplifier 
actually under construction. Every de- 
sign number and every program neces- 
sary to duplicate or extend that design 
have been presented here. 

acknowledgments 
I wish to thank Forrest Gehrke, 

KZBT, and Frank Chess, K3BN, for 
their useful suggestions and for their 
help in organizing this article. 

references 
1. The Radio Amereur's Handbook, American Radio 
Relay League, 54th edition, 19XX. page 54. (Note: the 
erroneous quat ion in the handbook has been correct- 
ed in this article.1 
2. The Radio Amareur's Handbook, American Radio 
Relay League. 6151 edition. 1984. Filter No. 8. Table 
12, page 2-42. 
3. RF-CAD Electronics Design Program, Joe Reiserr. 
WlJR, and Gary Field. WAlGRC. Available from Ham 
Radio's Bookstore. Greenville. New Hampshire 03048. 
for $39.95 plus $3.50 shipping and handling. 
4. Basic Programs for Scienfisrs and Engineers, Alan 
R. Miller. SYBEX. 2021 Challenger Drive No. 100. 
Alameda, California 94501. 

ham radio 

HAM DATA 
C-64 Software 
CONTEST LOG ' 
Tlils d~sk conlalns four dinerent contest programs; 
ARRL Sweepstakes. Field Day. Universal WW Contest 
lor!, plus a dupe checking rouline. Each program is 
des~gned lor real tlme use. It aulomat~cally enters 
date, tlme, band and ser~al number lor each contact. 
A 24.hour clock is dtsplayed at the top of the VDT 
screen. When the contest IS over, the program wlll 
prlnt your results lisllng all duped and scored Con. 
s c l s  In serlal sequence w~th all the necessary Infor- 
matton as well as completed score at the bonom of 
me page 
: HD-CL (For C-M) $24.95 

MASTER LOG 
Over three years of development went lnto this pro- 
gram. It creates a file of 2100 ~ndlv~dual records 
w~th up to 13 different entrles per record. Master 
Log can do a search and select based upon time. 
Irequeltcy, ntode or any ol the other varlable 
parameters II keeps track ol DXCC and WAS StatUS. 
prlnts OSL labels and can search 11s whole llle In 
less than 5 seconds1 Complete documentallon is 
lnc,luded to help you learn and use th~s truely state- 
01-the-art logg~ng program. 

HD-ML (For C-64) $28.95 
please enclose $3.50 lor shlpplng 

HAM  RADIO^ BOOKSIORE~ 
GREENVlLl E. NH 03048 603-878-l44r 

DOWN EAST MICROWAVE 

E 
MICROWAVE ANTENNAS AND EOUlPMENT . Loop V 4 . s  Par DM6.m L l n r  Ampllmm. CompU- -. MlcramTnn.nnm. O.*.FET P n e m n  
.TROPO. EYE. Well S1gn.l. OSCAR. W1.1200. lm 
.m.2Um-YWYHr 

~ L Y  -1 ImoVN 1mYHz m B l  SW 
IYILV -1 I m p Y . p t  m Y H z  m B I  SM 
-LV 23.1 Impv.pt ODlYHz tOMIII $03 

Abweanlsnnm a r m b l e d  andtelled KlIan.lll0le 
Al l  Alumlnurn~d Sldnle=a Con~truclton 
~ddUIuPSsru I11 Wsslollh~Mlsatsalppl 
a i e ~ ~ ~ t ~ ~ m p  ~ w ~ n t ~ w ~ i ? s o ~ ~ ~ t U Y . M p p d  
nu PA ~llrr Amp10W In n W  out 7108 YH112.OV.~ppd. 

NEW! MICROWAVETRANSVERTERS 
BY LMW ELECTRONICS 

1206TRV60 6W G l d r F t T  TIR Sequencer Oulpvl Ysln S4e8 
2304TRVID 1W GaArFET TiA Scqunncrl OulpUl Yslm $589 

Add 18 forshlpplng UPS148 
Strlpped down verslon, klts also available 

Wrlre For FREE Catalog 
DOWN EAST MICROWAVE 

Blll O l m .  W3HOT E!s 
Box r W A  RFD 1. Burnham. MEO49ZZU.SA. 

(ZOT) 940.3741 

800-255-7020 
Exclud~ng Cal~fornia 

Galvanlzed Steel 
Bracing and Hardware 

September 1987 23 



RF POWER AMPLIFIERS 
Lowest NF GaAs FET Preamp c"&'7* - 

I .  

Finest Quality Mil~tary Construction 0. .--. 
0.- -,, 

Off-The-Shelf Dealer Delivery 0- 2- 

I and weight is 5 Ibs. 
Models alsoava~lable wtthoul GaAs FET preamp(delete G sufflx on model xl All  units Cover 

Consult your local dealer or send directly for IUII amateur band- speclty 10 MHz bandwidth for 420450 MHZ arnpltller. 

I further product information. Amplifier capabilities: 1 0 0 2 W  MHz. 225-400 MHz. 1.2 GHz. Military (28V). Commercial. 

TE SYSTEMS 
P.O. Box 25845 

Los Angeles. CA 90025 

elc. also ava~lable -consult factory 

Cable TV L 

* Interference Location + VHF and UHF Coverage 

* Stuck Microphones + Computer Interface 

* I  * Speech Synthesizer 

* Security Monitoring * 12 VOC Operation 

New Techho~ogy (patent pending) converts any \I IF FM receiver Into an 
advanced Doppler shift radio direction finder. Sim,,, ,,,, .,?to receiver's antenna 
and external speaker jacks. Uses four ornnidirect~onal antennas. Low noise. high 
sensitivity for weak signal detection. Call or write for full details and Drlces. 

I DOPPLER SYSTEMS. INC. P O  Box 31819 
Phoenix, AZ 850r 

fl 188 

I COAX SALE! I I I ' I  ' , '  0 

Hllh-rralR mul 50 ohm coax lenpths with "Nu 
co~neefors i h i t  are better substttutes 10; RG-8: unused 
A T I T  surolus: YRG-213-15. 15 It. RG-213; 

4 lbs sh. . . . . . . . . . . . . . . . . . .  $8.95 11; 2faS16.W 
YRO-21445, 45 tl RG-214, s~lver-tlnned conductor. 

double shield for low DC rssistance; 

15 Ibs sh ...................... $24.95 8 4  2 f a  $45.00 
CENTRAW 8 1  7.5 KV RF capacitors; 25. 50. 75. or 
ino pi (specny). used ......... $3.00 ma; 2 for $5.00 

.... 4CX25aR tube. 6.3 V RI: used-checked $35.00 a# 

I PRETUNED-ASSEMBLED FOR ALL MAKES AM- 
ONLY ONE NEAT SMALL ' ATEUR TRANSCEIVERSI. 
ANTENNA FOR ALL BA- 1 GUARANTELD FOR 2004 
NDSl EXCLLLLNT FOR WATTS SSB lNPUT FOR 
hPARTMENTSI IM- NOVICE AND LLLCLASS 
PROVED DESlGN I AMATLURS'C*-aM.rM 

SEN0 FULL PRICE FOR PP DEL. IN USA (C.n.d. b 55.00 
rnlr. lw wuaol dr) 0-dw mng VISA . MASTER CAR0 - 
AMER. EXPRESS. PII 1-308-238-5333 r e e k  day.. W. 
SM n 2.3d.r .  (Pw CIS 14 day%> AH mlmm w a n t e e d  .. ...ye..Oe..rn.ne. U c h  I n l H  re lvned  n a  rom(k.6 
Made  0. USA FREE INFO AVA~LABLEONLY FROM 190 WESTERN ELECTRONKS 

K e u n a ( r .  Nclrnm. 68947 I 

This publication is 
available in microform 

from University 

!~: Plessa mnd ~nformslton -haul l h m  litlea: 

-. - 

N ~ m o  

CDmpanylln~Itl~llOn 

Address 

Cll" 

Slate . ZIP 

Phone 1-1 
Call loU.fme KO-5213014. In Michipan. 
hlurkn and H i l w ~ l i  CBU m l l s ~ l  313-761-1703 
mntl bnqulrv 11, Un~varsllv M~cnnfllnr Inlnrational. 
100 Norlh 7nnb Rued. Arm Arhor. MI 48106. 



lightning location and detection 

Modern analog, 
digital techniques 

probe Nature's 
electrical generator 

Lightning is an everyday occurrence, feared by 
some, accepted by most, but generally overlooked. 
Some 2000 thunderstorms are active at any moment 
throughout the world; this results in 100 lightning 
strokes every second of the year, or 40 million strokes 
per year in the United States alone. 

Accurate detection of lightning is necessary for 
many reasons, including forest fire detection and con- 
trol, power grid monitoring, flight planning, and pub- 
lic safety; NASA monitors lightning activity at various 
missile launch sites. Fortunately, technology now pro- 
vides the means to accomplish these tasks with a high 
degree of accuracy. 

North America has several extensive detection sys- 
tems. Mexico, South Africa, Japan, Australia, Nor- 
way, Sweden, and recently China, have installed 
similar systems. 

theory of detection 
A lightning discharge to ground contains several 

large current surges or strokes. A steppedleader pro- 
ceeds from the cloud to the ground in a series of short 
steps. After this leader reaches ground, a large return 
stroke travels rapidly back up the ionized path left by 
the leader. After a pause of 30 to 50 milliseconds, a 
dart leader usually forms; this is followed by one or 
more return strokes traveling upwards. Typically, a 
lightning stroke contains three, four, or more return 
strokes. 

Until recently it was thought that a negative charge 
was transferred to ground during a lightning strike. But 
we now know that the incidence of positive charges 
increases as latitude increases towards the Earth's 
poles. Japanese researchers have also detected a large 
amount of positive lightning, which appears to eman- 

ate from the tops of clouds and be of higher current 
levels than negative lightning. There's still a consider- 
able amount of research to be done in this area. 

The current in return strokes attains levels of up to 
40 kiloamps in 1 to 10 microseconds. The rise time and 
pulse width of this discharge form a distinctive wave- 
form or signature that can be processed by the detec- 
tion equipment to yield such data as azimuth bearings, 
real time, amplitude, polarity, and repetition of return 
strokes. When the data from two or more sites are tri- 
angulated and decoded by a central microprocessor, 
it's possible to pinpoint strike locations accurately to 
within 0.5 km at distances of 500 km. 

detection system components 
A typical detection system consists of two or more 

direction finders and a microcomputer; a block dia- 
gram of such a system is shown in fig. 1. Data is 
usually transmitted to a central position analyzer (PA) 
by means of dedicated telephone lines. Some instal- 
lations use a polling system in which each direction 
finding site is polled. These systems require the use 
of asynchronous telephone lines. Recently, sites in re- 
mote areas (see fig. 21, especially in Third World coun- 
tries, have used data transfer systems consisting of 
VHF and UHF radio links, using the principles of 
packet radio. 

The electromagnetic field generated by a lightning 
stroke is sensed on two broadband orthogonal loop 
antennas and on an electric field, or " E  field, antenna. 
The latter consists of three flat plates stacked one 
above the other and separated by a few inches. The 
E field antenna senses the ambient noise level at a par- 
ticular site to provide a comparison level for the loop 
antenna. The bandwidth of the antennas is 1 kHz to 
1 MHz; this wide bandwidth is necessary to preserve 
the shape and polarity of the waveforms resulting from 
the lightning stroke. 

Direction finding is done according to convention- 
al techniques. The signal received by each loop is 
proportional to the lightning stroke's magnetic field 
multiplied by the cosine of the angle between the plane 
of the loop and the direction of the incoming signal. 

By Bill Richardson, VYICW, Site 20, Comp. 63, 
R R  No. 1, Whitehorse, Yukon, Canada, Y1A 426 
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Therefore, the azimuthal bearing can be calculated 
from the signal strength ratio of the signals at the two 
loops. 

The direction finding electronics are designed to re- 
spond to a waveform that's typical of a cloud-to- 
ground lightning stroke. Cloud-to-cloud lightning has 
an entirely different waveform and thus is ignored by 
the equipment. 

These waveforms are identified by rise time, pulse 
width, and secondary peak structure. The rise time and 
bipolar shape requirements eliminate very distant light- 
ning, because propagation delay increases the rise 
time of those waveforms. Ionospheric reflections of 
the signal don't pose a problem because they're typi- 
cally inverted with respect to a ground wave signal. 
Some users employ both positive and negative stroke 
sensing. 

The direction finder uses parallel low- and high-gain 
analog circuits. The waveshapes of near and distant 
lightning strokes are slightly different; therefore, the 
two analog circuits are set to switch automatically to 
values appropriate for subsequent strokes after the first 

DIRECTION VV: FINDER DIRECTION FINDER D lRECnON FINDER DIRECTION F INDER 

3 0 0  8AUO FULL  OR HALF DUPLEX D l T A  C IRCUITS  

stroke is detected. This provides maximum detection 
efficiency over a wide dynamic range. 

Magnetic direction is determined at the time at 
which the radiation field of the return stroke reaches 
its peak; this point is attained while the return stroke 
is within approximately 300 feet of the ground. This 
provides an accurate indication of the ground contact 
point and eliminates errors that could be induced by 
multiple branch currents. 

Detection efficiency is shown in fig. 3. The low ef- 
ficiency at very close distances is caused by signals 
of sufficient magnitude to overrange the electronics. 
Peak efficiency is reached in the 20- to 250-km range 
and decreases beyond this because of lowering of sig- 
nal amplitude and change of waveshape because of 
propagation delay. 

As previously mentioned, accuracy can be within 
0.5 to 1 kilometer at 300 kilometers, assuming enough 
direction finding sites are used for full area coverage. 
The electronics must be precisely aligned and cali- 
brated - a very tedious procedure, I assure you. 
Alignment of the loop antennas must also be done 

LOCAL VIDEO 

DISPLAY 

1 * 
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3 0 0  BAUD IOR GREATER1 HALF DUPLEX DATA CIRCUITS 6 &, o 
fig. 1. Block diagram of the basic LLP lightning locating system. In this example the position analyzer drives three remote 
display processors [RDP 80-02). In reality, the position analyzer may drive any number of remote display processors. 
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accurately. The presently accepted method uses a 
shadow cast upon the antenna base plate by the north- 
south loop at precisely solar noon. Each direction 
finder has a built-in lightning simulator that can be set 
to  duplicate acceptable and unacceptable lightning 
waveforms; this allows the system to be configured 
for peak detection efficiency. 

system configuration 
Sometimes a direction finder is used in a stand-alone 

mode, usually in conjunction with a weather radar. In 
this case, lightning data is plotted on an X-Y record- 
er. Clusters of vectors show the bearing to  a storm 
cell; since vector length is proportional to the peak am- 
plitude of the first return stroke, the length of the vec- 
tors can be translated into the distance to  the strike. 

The most common system configuration involves 
several direction finders reporting to a central position 
analyzer. Each direction finder has an integral micro- 
computer. subsystem that digitizes and stores data for 
up to 14 return strokes. Each stroke is displayed on 
a front panel LED display. Time, angle to  stroke, sig- 
nal amplitude, polarity, and multiplicity of strokes are 
shown. This data is then transmitted to the position 
analyzer, a preprogrammed microcomputer system 
that automatically computes, maps, and records all 
lightning data. This data is then printed as hard copy 

fig. 2. The solid dots show the locations of all LLP lightning 
direction finders installed in North America at the end of 1982. 

and displayed on a CRT as lightning strikes superim- 

The shaded area represents the effective area covered by posed on a map. 
these systems. All computations and displays are done in real time. 

Data can be stored and replayed to  determine storm 

fig. 3. Detection efficiency versus range for two medium-gain LLP networks. 
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direction, intensity. growth, and decay. For example, 
a program can be selected to periodically delete strike 
locations older than a preset time interval, with var- 
ious colors assigned to  strikes occurring within differ- 
ent time periods. This accumulated data can then be 
replayed at an accelerated rate to display the storm's 
life cycle. 

communications system 
Time has shown that the communications links are 

the greatest source of problems in the system. Two 
basic systems - the "star" and the polled - are in 
common use. The polled system stores data until the 
PA requests it. In the star system, the simpler of the 
two, remote sites are connected to the PA via dedi- 
cated half-duplex telephone lines, and data is trans- 
mitted to the PA in real time. Though costs are higher 
with this system because of the dedicated line, which 
is in constant use, the system's simplicity often com- 
pensates for: its higher costs. 

In the past two years, many Third World countries 
have installed lightning detection equipment. Because 
standard communications links are almost non-exis- 
tent in many of these areas, UHF radio links using 
packet radio have been used; to  date, the results are 
very encouraging. Many such UHF links will be in- 
stalled in northern and otherwise remote areas of 
North America over the coming year. This will not only 
allow new areas to be covered, but also decrease com- 
munications costs. 

The manufacturer of the equipment described in this 
article has introduced a simplified direction finder 
which can be operated on solar power. This feature 
will help increases coverage, since ac power sources 
will no longer be required. 

I'll be working closely with the manufacturer to ex- 
periment with the possibility of relaying data by radio 
transmissions reflected from the ionized trails created 
by the lightning stroke, much like the method used 
in meteor scatter communications. 

conclusion 
Space limits the depth of description of lightning 

detection equipment and techniques, but the fore- 
going should provide a general overview of this new 
technology. Because the field is still in its infancy, sys- 
tems are especially challenging. Much research and 
development can and is being done by field personnel. 

acknowledgements 
My thanks to Leon Byerly of Lightning Location and 

Protection, 1001 South Euclid Avenue, Tuscon, Ari- 
zona 85719, for his help in preparation of this article. 

ham radio 



Reader Service CHECK-OFF Page 106 rr 192 September 1987 29 



designing a microwave amplifier 

Step-by-step procedure 
starts with specs, 
ends with results 

Most people who aren't familiar with microwave 
technology regard microwave engineering as some- 
what mysterious. Nothing could be further from the 
truth. 

Often this opinion stems simply from limited know- 
ledge of the subject, from a misconception that all 
power transmission requires a waveguide or "plumb- 
ing," or from a general lack of interest. Knowing that 
in microwave design, circuit performance is exception- 
ally dependent on layout* and understanding the 
mathematics associated with field theory and the use 
of distributed parameters for impedance matching, it's 
possible to conclude that microwave engineering is an 
arcane art limited to the very few. Not so! 

Manufacturers of microwave electronic compo- 
nents, namely transistors, characterize these devices 
according to scattering parameters known also as "S" 
parameters. S parameters are simply voltage reflec- 
tion coefficients that possess both magnitude and 
phase. Consider a 25-ohm resistor at the end of a 
50-ohm transmission line (fig. 1). The reflection coeffi- 
cient of the 25-ohm load is computed as follows: 

r can be complex and is simply a reflection coefficient; 
that's what an S parameter is - nothing more than 
a reflection coefficient. The S parameters are meas- 
ured values and give an indication as to the perfor- 
mance of the device, and are generally measured in 
a 50-ohm system. It's more practical to construct a 

*i.e., you don't wire a 4-GHz ampl~fier the same way you'd wire a car. 
Consider that a piece of No. 26 wire measuring 0.050 inches long represents 
an impedance of 2 5  ohms at 4.0 GHz. This would introduce a voltage SWR 
(mismatch) of 1.63:1, with 5.8 percent of the power reflected back to the 
generator should this wire be connected in series in a 50-ohm system. 

%-ohm termination than to rely upon open circuits and 
short circuits and attempt to characterize a device with 
"Y" or "Z" parameters. The four S parameters speci- 
fied are S11, S12, S21, and S22 (see fig. 2). 

bl  . SII = - wrfh a2 = Oand (2) 
a 1 

is a measure of input impedance 

62 S22 = - with a1 = 0 and 
a2 

is a measure of output impedance 

S21 = - wi h a2 = 0 and is.a measure of 
b2 Jrward p w e r  garn 

61 S12 = - with a1 = 0 and 
a2 

is a measure of reverse power gain 

S parameters are simply related to power gain and mis- 
match loss, quantities which are often of more interest 
than the corresponding voltage functions. 

(S11(2= Power reflected from network input 
Power incident on the network input 

lS22I2 = 
Power reflected from network output 
Power incident on the network output 

IS21 l 2  = 
Power delivered to a ZO load 
Power available from ZO source 

IS1212 = Reverse transducer power gain 
w ~ t h  ZO load and source 

It's important to understand that S parameters are 
measured parameters and give the designer a real- 
world indication as to how the particular transistor will 
work. Generally, a designer's most important consider- 
ations are power gain, noise figure, stability, biasing, 
and a necessary matching structure for reasonable 
VSWR. 

A transistor is a bilateral device, with the amount 
of bilateral interaction defined by S12. Analyzing the 
performance of an amplifier operating as a bilateral de- 
vice is a tedious process, and one has to resort to the 
use of computers and commercially available programs 

By Stanley J. Domanski, ex-WAIWSD, 3 
Lessard Street, Nashua, New Hampshire 03060 
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2,-SO OHMS 

Z5 5 0 0 ~ ~ s  ZL 2 5  OHMS s fig. 1. Mismatch occurs when 25-ohm load is inserted 

directly in 50-ohm system. 

such as Super-Compact,"* a rather powerful micro- 
wave circuit design optimization program. For the pur- 
pose of illustration, we will assume a unilateral device 
(S12 = 0.0). 

using the data sheet 
Suppose someone gives you several NEC NE388 

GaAsFET transistors and a data sheet, then asks you 
to design an amplifier that's to operate at 3 GHz. 
Approximately how much gain should you expect to 
achieve? What would the input and output matching 
network look like? 

Start by reviewing the data sheet for the FETs. (For 
this design, noise figure is not a consideration.) The 
load impedance and source impedance are both 50 
ohms. The device is a GaAsFET. You'll also notice that 
the S parameters are specified at VDs = 3.0 volts and 
ID = 10 mA. Therefore, for the matching network to 
be effective and for the gain calibration to be meaning- 
ful, the device must be biased at these values of VDs 
and ID. Try to get a feeling for maximum usable 
gain, i.e. the Gain Transducer Unilateral (GTU). (This 
assumes a unilateral device where S12 = 0 and a 
matched source and load condition exists.) This was 
derived from the more general equation for GT (Gain 
Transducer) under the conditions specified above. 

I 1 
(3) 

GTU rnax = 
I - IS1112 . IS2112 . 1 - ,S22,2 

At 3000 MHz, 

Sll  = 0.892 1 - 63 O, S21 = 2.368 1133" (4) 

S22 = 0.772 1 -41°, S12 = 0.034 152" 

GTU = 
1 . (2.368)2 (5) 

1 - (0.892)2 1 
I 

= (4.893) (5.607) (2.475) = 
I - (0.772)2 

67.90 or I0 log GTU = 18.32 dB 

This computation is consistent with the data sheet. 
Notice that in addition to providing a table of S 

""A product of Compact Software, 483 McLean Boulevard, Paterson, New 

Jersey 07504. 
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fig. 2. Two-port network used to define S parameters. 

parameters for the packaged devices, S parameters 
are given for NE388 chips as well, and the S parameter 
data is listed for frequencies from 2 to 10 GHz in 
0.5-GHz step increments. Note that S11 and S12 are 
both capacitive, but become more inductive as fre- 
quency increases. 

S11 represents approximately 10 - j80 ohms and 
S22 represents approximately 50 - j120 ohms. For 
optimum performance and power gain, the transistor's 
input and output impedances should be matched to 
50 ohms. 

One suitable way of constructing this amplifier is a 
technique called microstrip. Microstrip possesses 
transmission line characteristics and is essentially just 
conductive runs over a conducting ground plane, with 
an intermediate substrate in between. 

matching procedure 
The idea is to "move" S22 and S11 to the 50-ohm 

center of the Smith Chart (fig. 3). In both cases, this 
is done by rotating on a length of transmission to the 
constant conductance circle that is coincident with the 
center of the Smith Chart or the 50-ohm location and 
then adding a parallel capacitor of the appropriate size. 
For the S22 match, a length of line 0.194X + 0.055X 
= 0.249X is used to rotate to constant conductance 
circle coincident with 50 ohms; for S11 the length of 
line is: 
0.163X + 0.038X = 0.201X. 
Y(S22) = 2.4 = YIBO 
Since our transmission line characteristic is ZO and is 
50 ohms, 

BO = 1 IZO = 1 I50 or 0.02 
Y = y-BO = 2.4 0.02 = 0.048 mhos 
Y = 2xfC mhos 

Y c = - =  048 = 2.54 x 1 0  12 farads 
2xf 2 ~ ~ 3 x 1 0 9  

A 2.54 10-12F (2.54 pF) capacitor shunting the 
transmission line to ground will add enough suscep- 
tance to complete the output match to 50 ohms. 

A similar procedure is used to match the input to 
50 ohms. 
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fig. 3. GaAsFET, NE388 matching using Smith Chart. 

y(S11) = 1 = 3.9 mhos 
BO 

Y = y * B O  (7)  
= 3.9 x 0.02 = 0.078 mhos 

= 4.138 x 10 - 12 Farad 

A 4.138 x 10- 12F (4.138 pF) capacitor shunting the 
transmission line to ground will add enough suscep- 
tance to complete the input match to 50 ohms. Thus 
far, what we have represented is shown schematical- 
ly in fig. 4. 
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fig. 4. Component values determined for GaAsFET in- 
put/output match. 



microstrip components used 
The microstrip substrate is a teflon material with a 

dielectric constant of 10.0. The distributed characteris- 
tics of microstrip will be utilized to synthesize the 
50-ohm transmission line and shunt capacitors. The 
lengths of the input and output transmission lines are 
0.201h, and 0.249h, respectively. 

The equation relating frequency and wavelength is 
c = fX, where c is the velocity of light and is 3 101° 
cmlsec. In air, the wavelength of a 3-GHz signal is 

or approximately 3.937 inches. The effective wave- 
length in a material other than free space is the wave- 
length in free space divided by the square root of the 
dielectric constant. For a substrate whose dielectric 
constant is 10.0, the effective wavelength is 

- - 3.16 cm (10) 
JG m 

or 1.2449 inches. The length of the input matching 
section is 0.201X and the length of the output match- 
ing section is 0.249X. This in air would represent 
(0.201X) (3.937 incheslh) = 0.7913 inches and 

0.3099'' 

0 
50  
OHMS - 

2.54pF 

1 

fig. 5. Transmission line physical parameters determined 
from requirements. 

(0.249A) (3.937 inches/X) = 0.9803 inches. 
In a substrate with a dielectric constant of 10.0, the 
real lengths of the input and output become 
(0.7913 inches) (0.3162) = 0.2502 inches and 
(0.9803 inches) (0.3162) = 0.3099 inches, 
respectively. 

The characteristic impedance of microstrip, ZO is: 
h I - x 3 7 7 x -  (11) 
W G 

The impedance selected for our line is 50 ohms and 
€2 = 10.0. The substrate thickness is 0.020 inches. 
Solving for W: 

Thus the width of a conductor whose characteristic 
impedance is 50 ohms on a substrate whose thickness 
is 0.020 inches, with a dielectric constant of 10.0, is 
0.0476 inches. The original schematic takes on a new 
aspect - dimensions (see fig. 5).  

The input capacitance of 4.138 pF and output 
capacitance of 2.54 pF will be synthesized using 
microstrip techniques. Generally, if the width of a seg- 
ment is twice as wide as the length, the section looks 
like a shunt capacitor. 

The capacitance of a parallel plate capacitor is: 

where: 
A is the area of the plate in square inches 
d is the separation of the plates in inches 
cr is the dielectric constant 

Solving for A: 

Similarly: 
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The circuit now takes on the appearance of that shown 
in fig. 7. 
The basic radio frequency input and output matching 
structure is now defined. 

This matchi;@ structure was based on S parameters 
which were stated for a given VDs and IDs  A GaAs- 
FET device is a transconductance device; this simply 
means that it's a voltage-controlled current source. 

t s v  

0  1  

3  o v  1- 
0 2 0 0  

+15V 
I D S  * lo"* 

3 OV 

10) 
N E 3 8 8  '- 

L l h h -  

- 

fig. 7. Feedback network improves amplifiers tempera- 
ture-handling capability. 

feedback and biasing 

1 

This brings up the means by which the devices 
should be biased. A quick glance at the data sheet 
reveals the NE388 will require a VGS of approximately 
- 3.0 volts to maintain a VDs = 3.0 volts and IDs = 
10.0 milliamperes. But the VGs necessary to maintain 

We wish to make the width of the section twice as 
wide as the length. Therefore, 

A l  
212 = A1 1 2  = T (16) 

2 0 0  
- + 5 v  

100 

INPU r OUTPU r 
0 

0 

N E 3 8 8  

m 

0  1  

Similarly: 
A2 f 2 = - 1 =  
3 (17) 

lit, ) 

these aforementioned bias conditions can vary be- 
tween - 2.5 to - 3.5 volts - a production nightmare, 
especially if the unit must operate between - 55 and 
+ 70 degrees C. Solution: use a servo - i.e., a feed- 
back circuit! 

I suggest the circuit shown in fig. 8 because I know 
it works well over a wide range of temperatures. The 
microwave matching network components are left out 
for simplicity. 

The three critical items in this circuit are the stabili- 
ty of the + 5.0 volts, the accuracy and stability of the 
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Tl ie solut~on to most tnterference. ~nterrnod, arld tlesense 
problems in AMATEUR and COMMERCIAL systems. 

40 l o  1000 MI)/ - luned lo  your frequency - 
5 larae hel~cnl resonalors 

200-ohm resistor, and the 3.0-volt reference. The diode 
prevents the possibility of a positive voltage being 
applied to the gate. A positive voltage on the gate 
without considerable current limitina would damaae - ~" 
the device. 

The voltage divider consisting of the 37.4-k and 
27.4-k resistors prevent the gate to source voltage 

FANTASTIC REJECTION! 
from exceeding -8.0 volts during initial turn-on. The 
dc bias, namely the VDs and VGS is applied to the 
NE388 through the use of high-impedance, quarter- 
wave, short-circuited stubs. The short circuit at 3 GHz 
is accomplished by wire-bonding the end of the stub 
to a 100-pF chip capacitor that is connected to ground. 
Remember, a quarter-wave long transmission line 
short-circuited on one end looks like an open circuit 
on the other. The design procedure results in the realiz- 
able 3-GHz amplifier circuit shown in fig. 9. 
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simple VHFIUHF 
multiple quarter-wave filters 

l ndividual 
or cascaded sections 

provide required 
harmonic suppression 

Thanks to  the simplicity of its design, construction, 
and alignment, the half-wave, low-pass configuration' 
is one of the most popular transmitter filters at VHF 
and UHF. 

The half-wave filter, consisting of two pi sections 
of inductors and capacitors in cascade (see fig. I ) ,  
is so named because the output signal is delayed one- 
half wavelength* at the highest design pass frequen- 
cy. Just as in the case of a half-wavelength transmis- 
sion line, the same impedance seen at the output 
terminals of the half-wave filter is presented to the am- 
plifier at the filter input terminals. The principal use 
of this filter is simply to reduce transmitter harmonics. 

This article shows how to calculate the values for 
quarter, half, three-quarter, and full-wave VHFIUHF 
filters. The effects of varying the circuit Q will be ex- 
plored. If reasonable construction techniques are used, 
a guaranteed minimum level of attenuation can be ex- 
pected for transmitter harmonics, even without using 
test equipment for alignment. Multisection filters have 
been constructed using lumped constants for the 6, 
2, and 1-1 I 4  meter bands, with very good agreement 
to theoretical values. Microstrip quarter-wave and half- 
wave filters have also been built for the 432- and 
1296-MHz bands. Half-wave filters for the hf band can 
be constructed using standard values contained in 
tables 2,3 without need for adjustments. At VHF how- 
ever, construction techniques dictate that the filter ac- 
tually be adjusted for best performance, usually with 

'The signal is delayed 180 degrees or the equivalent that would occur in a 
properly terminated half-wave electrical transmission line. -Ed. 

a grid-dip meter. At UHF, construction practices re- 
quire the use of a reproducible pattern found in micro- 
stripline form. If the same printed circuit board type 
and thickness are used, similar performance can be 
assured without any alignment. 

reducing interference 
There are many reasons - legal, environmental, 

and ethical - for reducing spurious and harmonic 
emissions. According to Part 97.73 of the FCC Rules 
and Regulations for the Amateur, "Spurious emissions 
(including harmonics) must be 40 dB below the carrier 
power for a transmitter operating below 30 MHz. If 
the transmitter has an output power of 5 watts or less, 
the spurious at the transmitter output need only be 
reduced by 30 dB. Harmonics for transmitters and 
power amplifiers operating in the 30- to 235-MHz range 
must be reduced 60 dB below the carrier level. Trans- 
mitters below 25 watts output need to attenuate har- 
monics by only 40 dB." 

With a typical amplifier, the second harmonic is only 
20 to 30 dB down and the third harmonic is 30 to 40 
dB down from the fundamental carrier (fig. 2). When ' the harmonic content of a transmitter, exciter, or 
oscillator is monitored on a spectrum analyzer or sen- 
sitive receiver, the carrier should be "notched-out" as 
much as possible. The input mixer of the spectrum 
analyzer or the front end of a receiver is prone to 
generate harmonic energy when driven by a large 
carrier signal, and will indicate greater harmonic energy 
than is actually present. The common method of 
determining if the amplitude of a transmitter harmon- 
ic is real is to place an attenuator in front of the 
spectrum analyzer. If the harmonic drops by an 
amount greater than the value of the inserted atten- 
uation, then the harmonic was generated in the mixer 
of the analyzer. 

In a balanced he., push-pull) amplifier design, the 
second harmonic power will typically be down better 
than 30 dB (depending on circuit balance). The odd 
order (third, fifth) harmonics, however, will remain 
high (-20 dB). Thus the principal filtering response 

By Ernie Franke, WA2EWTr 10484 138th Street, 
Largo, Florida 33544 
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HALF-WAVE FILTER 

fig. 1 The half-wave filter is popular because of the sim- 
plicity of its calculation, construction, and adjustment. 

XI< = 2nfL = 50 ohm, (1) 
Xc = I / 21rfC = 50 ohm 

The value of inductance and capacitance is then simply 
computed as 

L = 50 / 21rf henries, C = 1 / 2rf (50) farads (2) 

where f is the highest design pass frequency in Hz. 
The values of L and C may be directly scaled up or 
down, depending on the source and load impedances. 
The basic quarter-wave pi network may be considered 

5 O 100 WATT 2 M E T E R  T R A N S M I T T E R  
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4 
$ -10 
v 

e 
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T 

- 5 0  
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- 7 0  
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fig. 2. Typical power spectrum from a 2-meter, 1110-watt transistor power amplifier. 

required by a low-pass filter on a balanced amplifier 
will be out at the third harmonic. 

design 
The basic building block of the multiple quarter- 

wave filter is the quarter-wave pi network shown in 
fig. 3. Cascading of these quarter-wave networks 
forms the half-wave, three-quarter wave, and full- 
wave filters, providing the theoretical frequency 
responses shown in fig. 4. Experimental results for 
various section VHF filters are also shown. As each 
section is added, the slope of the stop-band becomes as two L-networks connected together, fig. 5. The O 
steeper. The responses of several filters constructed of each L-network is given as 
using lumped constants are shown to agree reason- QI = R1 / Xcl = 2rf CI RI and (3) 
ably well with the theoretical values. Q2 = R2 / XCZ = 2rf C2 R2 

The inductive and capacitive reactances of the 
quarter-wave filter are chosen to be equal to the source The total circuit Q is equal4 to the sum of the individual 
and load impedances, typically 50 ohms. 0's: 

QUARTER-WAVE F ILTER 

v 1 ----f Ar 
fig. 3. The quarter-wave filter, composed of two L- 
networks, represents the basic building block. 
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NEW PRICE! 
ANTENNA POLA RIP/ SWITCHER MODEL A PS-1 

I 
---$ 

The APS-1 is a self-contained control head designed to allow 
'9.4 - " *  ,n remote polarity switching of circular antennas such as the 

mi rag el^^^ range of crossed yagis. 

The APSl may be powered by thepoweradaptor(inc1uded)or may alternately be powered from avehicleorother 13-17 
VDC source. 

In addition toswitchable outputs for two antennas, the APSl alsocontains a6-13 volt regulated DC power supply. This 
featureisdesigned for powering itemssuch as preamplifiers, VHFIUHFconverters, etc., but may also be used whenever 
a lowcurrent stabilized variable voltage source is required. 

SPECIFICATIONS: F4cr~Ry 
Power Requirement (AC) 1 17V. * 10% AC 50160 Hz 15 Watt 

D 1 ~ ~ ~ r  
............................... 

Power Requirement (DC) 11-16 VDC 500 mA 
$50.0~ ............................... 

Outputs ...................................................... Two 12 VDC unregulated, switched (antenna relay supply). 
One 6-13 VDC variable regulated auxiliary supply. 

Total output current 500 mA with AC transformer that is included. 1 amp with optional high current transformer or exter- 
nal DC supply. This unit has our popular five (5) year warranty. 

P.O. BOX 1000 , MORGAN HILL, CALIFORNIA 95037 (408) 779-7363 
OUTSIDE CALIF. (800) 538-21 40 r, 1% 

The RC-85 Repeater Controller . . .  
the affordable controller We 

for your repeater. 
The RC-85 controller offers the high tech baslcs 
of repeater control, plus1 Of course, much of what The patch provides ten Emergency autodial 
we consider to be the 'basics" aren't found numbers and 190 user loadable autodial slots. 
anywhere else, at any price. With toll restrict. 'cover tone", and more. 

Remote programming lets you configure the The remote base port lets you hook up a 
operating characteristics of your repeater and transceiver to your repeater for remotely 
change them at any time - without a trip to the controlled linking to other repeaters and simplex 
hill. Non-volatile memory remembers your channels. With full frequency controll Frequency 
parameters, wen after a power loss. agile linking is invaluable for public service uses. 

and it's fun! 
Synthesized speech makes it easy for users to 
interact with the repeater. Commands are 
acknowledged and information is available to 
users through remotely programmable ID. tail. 
and bulletin board messages. The new, larger 
speech vocabuary is ideal for repeater groups. 
emergency and public service needs. And since 
your repeater talks. it's Mendly and fun to use. 

QCC advanced 
computer 
controls. inc. 

There's even more ... a talking S-meter so users 
can check how well they're getting into the 
repeater. a site alarm for security. paging. and 
remote control outputs for controlling equipment 
at  the site. 

Any repeater can be brought up-to-date at a price 
that's right with ACC's RC-85 Repeater 
Controller. 

2356 Walsh Avenue. Sanla Clara, Californla 95051 
(408) 727-3330 



CUT.OFF FREQUENCY 

NORMAUZEO FREQUENCY Ifno) 

fig. 4. Frequency response of the quarter-, half-. three- 
quarter, and full-wave filters. 

I 
I 

Rl0.0 ]-'-TI RI RP 

/ I \  

fZf----) FTj 
fig. 5. The basic building block may be split into two L 
matching networks. 

For a 50-ohm source and load, 

L = 5001 and C = (8 )  
uf (QI2 + 1) 50 (2ufl 

In an L-network for a Q of 1, which yields an overall 
network Qr of 2, the value of the inductance and each 
capacitance is 

L = 50 (I) / uf (2) = 50 / 2uJ (9) 

c = (I) / 50 (2ufl = I / 50 (2ufl 

The filter for several values of overall QT have been 
calculated using the elements calculated according to 

- - - - - - - - - 
s - 

- 
0 '0 
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"8 ." 
15 - 
30 - 
35 - 
10 - OUAL"PI"FILTER 

4s - 
' O O  I 0'3 014 I5 

NORMALIZED FREQUENCY (#no) 

fig. 6. The overall loaded Q of the filter may be increased 
to  yield greater harmonicattenuation - at the expense of 
greater in-band amplitude ripple. 

&A 

QT = Q I  + Q2 (4) 

and because of symmetry, 

QT = 2QI (5) 

The reactance, XL, of the inductor and the reactance, 
X,, of each capacitor is 

XL = R IQT / [(QT2 / 4) + I] = (6) 
2RIQI / (Q12 + I) = 2ufL; 
L = RIQI / uf (Ql2 + I )  

fig. 7. Several quarter-. half-, three-quarter, and full-wave 

X, = RI / Q l ;  C = QI / R I Z r f  (7) filters were constructed using scrap PC boards. 
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Table 1. Basic quarter-wave filter elements. 

shunt capacitor series inductor 
frequency value value wire size number turns diameter 
54 MHz 59 pF 147 nH No. 14 4T 318 inch ID 

148 MHz 22 pF 54 nH No. 14 2T 114 inch ID 
25 MHz 14 pF 35 nH No. 14 1 inch high. 112 inch wide hairpin 

pedance of 50 ohms to a lower value and the second 
L-section transforming this virtual impedance back to 
50 ohms. If the network has a Q of 1, the virtual im- 
pedance will be 25 ohms. The value of the virtual im- 
pedance depends on the circuit Q: 

The half-wave filter in fig. 1 is formed by cascading 
two quarter-wave filters. The shunt capacitors at the 
junction of the two quarter-wave filters may be com- 
bined into a single capacitor. As the power through 
the filter is increased, it is better to  use two capaci- 
tors to support the increased current. 

construction 
At VHF and UHF, the ground plane of a filter must 

be given careful thought (see figs. 7 and 8 and table 
1). Appreciable inductance in the ground path will 
cause extra resonances to appear, especially at the 
higher frequencies. Harmonic energy must not be 
allowed to "sneak around" the filter due to extraneous 
ground paths. The capacitors must also have low- 
inductance leads. Metal-clad, uncased precision mica 
and teflon  capacitor^^.^ can be used at VHF to mini- 
mize this lead inductance by soldering the case directly 
to the ground plane. The  coil^^.^ are selflsupporting 

fig. 8. At 220 MHz, the inductors take the shape of hairpin 
inductors. 

fig. 9. High-power filters require larger size wire and larger 
capacitors. 

The response of the quarter-wave filter for various 
values of total Q is plotted in fig. 6. 

The simple quarter-wave pi section may be thought 
of as consisting of two L-section matching networks, 
with the first L-network transforming the source im- 

fig. 10. Microstripline filters use either printed or hairpin in- 
ductors. 
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and wound with No. 14 formvar-covered wire. Higher 
power filters (fig. 9) require larger wire and more capa- 
citors in parallel to handle the increased current. 

432- and 1296-MHz quarter-wave filters can use a 
microstripline structure with either (fig. 10) printed or 
hair pin inductors. The lumped capacitors are shaped 
to have minimal series inductance and the pc induc- 
tors are formed by "necking down" the center con- 
ductor (0.025-inch wide and 1.225 inches long at 450 
MHz and 0.424 inches long at 1.3 GHz.) Type N 
launchers were added at the edge of the printed cir- 
cuit boardsg Table 2 includes dimensions for these 
same two filters using hair-pin inductors. The ex- 
perimental results, comparing hairpin inductors with 
etched printed lines, are shown in fig. 11. 

adjustment 

Because most hams don't have sweep generators 
for checking filter response at the second, third, and 
fourth harmonics, it's best to construct simple VHF 
filters using lumped elements, which can be readily 
adjusted using a grid-dip meter. If reasonable con- 
struction practices are followed, one can expect a 
certain minimum guaranteed performance at the har- 
monics because adjustments have been made to en- 
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sure minimum loss at the design frequency. The simple quarter-wave filter is adjusted to the design frequen- 

O c .  , ,  - - 
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QUARTER WAVE FILTER - - - 
- HAIR PIN lNDUCTOR 

PRINTED INDUCTOR 

HALF WAVE FILTER 
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HAlR PIN INDUCTOR - 

- 
- 
- 

1 o!3 014 2 5  

cy by shorting out a capacitor at either end of the pi 

NORMALIZED FREQUENCY (iflo) 

fig. 11. Experimental results for 450-MHz stripline quarter- 
wave and half-wave filters. 

i 

network and adjusting the inductor for resonance, with 
the source and load impedances removed, as shown 
in fig. 12A. This effectively forms a parallel resonant 
circuit with C and L. The short circuit should be placed 
close to the common ground plane to decrease series 
inductance. Using a grid-dip meter, adjust the coil to 

0.165" 
resonate with the open capacitor at the design fre- 

c I C I  ( 4 . 1 9 ~ ~ 1  quency. Adjust the half-wave filter in a similar manner 

50 {3TflTE 
OHMS 

I I I I I I 

by shorting the "double-value" capacitor and then ad- 
justing each coil to resonance, as in fig. 126. Adjust 
the three-quarter wave filter in a similar manner, as 
shown in fig. 12C. The center coil is simply adjusted 
to physically resemble the outer coils. Each of the 
filters for which data is shown in fig. 4 was adjusted 
in this manner and then measured with no further 
peaking. 

The coils may also be adjusted for resonance with- 

I Table 2. Hairpin inductor multiple-quarter-wave filter dimensions. I 
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Design 
Frequency 

450 MHz 

1,300 MHz 

Values Dimensions 

C1 

7.07 pF 

2.5 pF 

L1.2 

17.7 nH 

6.1 nH 

C 

2.0" 

1 .O" 

C2 

14.1 pF 

4.9 pF 

A 

0.334" 

0.228" 

6 

0.694" 

0.472" 

Height 

112" 

114" 

Width 

114" 

1/8" 



out the short circuit. The inductor in the quarter-wave 
circuit of fig. 12A will resonate with the series com- 
bination of the end capacitors. The value of capaci- 
tance will then be one-half the value of either 
capacitor, with a resonant frequency of 

The resonant frequency is 76 MHz, for example, for 
a 6-meter low-pass filter designed for an upper cutoff 
frequency of 54 MHz. The half-wave circuit shown in 
fig. 128 may be adjusted without using a short in a 
similar manner if only one inductor is connected at a 
time. The resonant frequency formed by 2C, L, C is 

which is 66 MHz for an upper cutoff frequency of 54 
MHz. If both inductors are present, the circuit will res- 
onate at f l  fo. The resonant circuit will be com- 
posed of a capacitor of 2C in parallel with two series 
circuits of L and C. 

Hairpin inductors are adjusted for minimum loss 
using the transmitter and a power meter. As the hair- 
pin is adjusted closer to the ground plane, the reso- 
nant frequency is decreased. The inductance is 

HAMS SHOULD BE SEEN 
AS WELL AS HEARD! 
TVC-4G 70cm ATV 
Downconverter 
Now only $99 
DeEvsred UPS surface 
in cont. USA 

' See live action color & sound like broadcast TV 
Many areas have ATV Repeaters (call us or see he 
87/88 ARRL: Repeater Directory pg. 328 for your area) 

, Most ATVers use home cameras and VCRs to 
1 show the shack, projects, home video tapes, 

public service events like parades, races, etc. 
Some repeaters also have weather radar, Space 
Shuttle video, BBS, & computer video 

It's easy to stad watching: 70cm antenna, a NC-4G 
and any TV set tuned to ch2.3 or 4. Our NC-4G tunes 
the whole 420-450 mHz band & includes GaAsfet 
preamp & mixer, ACI12vdc wall plug, attractive shielded 
4 ~ 2 . 5 ~ 7  cabinet. We also have wired & tested boards for 
the builder starting at $39. See ARRL Hbk chapter 20. 
When you are ready to try transmitting, we have 
transmitters, transceivers, antennas, and all your A N  
needs for the 70,33 & 23cm bands. 
Hams, Call or Write for our full catalog of ATV gearl 

I (81 8) 447-4565 rn-f earn-~:30prn pst. @ &  
P.C. ELECTRONICS T-- I,.ICmDC, 

1 V"' ( r .~unu,  
2522 Paxson Ln Arcadia CA 91006 Maryann (WB6YSS) 

@ A N  

@ A/.? 

K T -  
@ 3.4. 

1.1 
~ ~ , ? q - " q - - ~ ~ ]  

fig. 12. (A) The quarter-wave filter is adjusted by form- 
ing a parallel resonant circuit. (B) The half-wave filter 
is adjusted by resonating each end section. IC) The three 
quarter wave filter center inductor is adjusted to resem- 
ble the end sections. 

decreased, but the shunt capacity increases by a great- 
er amount. The insertion loss of the multiple quarter- 
wave filter increases if low quality components are 
used. Coils typically have a lower inherent Q than 
capacitors. The dissipative insertion loss for a quarter- 
wave filter is given by 

Dissipative Loss (dB) = (14) 
10 log [ I  - (QT QCOILJ I 

The loss for a half-wave filter is simply twice the loss 
of a quarter-wave filter. 
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Boomer XL is "the antenna for . 
2 meter DX". More than 3 
years of design. antenna range - , 
tests, and on-the-air contesting 
have been combined to produce 
the 4218XL's higher gain and 
cleaner pattern. This antenna ', 
is des~gned to survive. It 
features step tapered boom. - 
tubular support braces and all - 
stainless steel hardware. The ; 
new 4218XL is the only 
antenna with this great 

2 

combination of features to I 

make your 2 meter activity 
more successful and satisfying. 

PECIFI< 
equency 
3 .  

:ATION! 
range 1 4  . . eremenrs, ooomtengrn 28.8 .ft.. 

typical SWR 1.2:l. 500 T-match. 
beamwidth 2 x 13". 
60 dB side lobe attenuation, 
turn radius 16.7 ft.. 
windload 3.5 ft.2, 
Excellent gain. F/B ratto' 
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No other repeaters or controllers match 
Create messages just by tal king. Speak any phrases or 

Mark 4 in capability and features. That's words in any languages Or dialect and your own voice 
, why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
1 and repeater sites emergency warnings, club news bulletins, and DX 

around the world. Only Mark 4 gives you 
Message MasterrM real speech . voice alerts. Create unique ID and tail messages, and the 
readout of received siqnal strenqth, ultimate in a real s ~ e e c h  user mailbox - onlv with a 
deviation, and frequency error 0- 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive Dhone 

I;j patch functions. Unlike others, hiark 4 - 
Call or write for specifications on the 
repeater. controller. and receiver winners. 1 

11 MICRO CONTROL SPECIALTIES 
Division of Kendecom Inc. 

23 Elm Park, Groveland, MA 01834 (617) 372-3442 

HERE NOW! 1987-88 ARRL Repeater 
$5.00 postpaid from ham radio Bookstore 

Greenville, NH 03048 (603) 878-1441 

Directory 

_1 
THE RF CONNECTION I 'IPECWIST IN R l  CONNECTORS AND C O W  

I I SareTine-Money with HAZER 
Never c l m b  vaur lower aoaln wbth t h ~ s  elevator I 

-- --- 
PL 2593ST UHI Male Sliver l~l lon USA 130 
UG-2101~ N Malc RG 8 213 714. bmunphsnol 2 95 
UG.21BrU N Male RG-8 .  213. 214. Klnps 3 75 
9913 PIN N Male Pjn lo! 9913. 9086. 8214 

lttr UG.?lO~U 6 UG-218 U N 5 150 
UG.21D5913 N Male lor RG-8 w11h 9913 Pm 3 95 
UC-218'9913 N Male lor RG.8 wllh 9913 Pln 4 75 
UG.14E.U N Male to SO-239 Tellon USA 5 W 
UG-83 U Femdlc lo SO-239, lr lbn USA 5 W 

"THIS LIST REPRESENTS OMLV A 
FRAcnon OF OUR HUGE INVEWORV 

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

Gaithersburg, MD 20877 

CASH PRICES I 
v 102 

system 
Antenna and rotator mount on  HAZER. complele 
syslem trams lower In venlcle uprnght posltlon . Sale1y lock 8ysIem on  HAZER operates whllm 
rajs~ng- lownng 6 n a m a l  posltlon Nwer  can la11 
Welghl translerred dbreclly to tower Wlnch cable 
used onlv lor ralslna 6 lowerbna Easv to tnslall and 
use 
W~I I  support mmt  antennaarrays 
High qualory mafernah 6 workmanshlp 

.Safety - speed - mnvanlence - smooth 
IrBYeI - lneioenslve 
Complete k ~ t  oncluder wlnch. 1 W  ll o l  
cable hardwareandlnrtrucllons ForRohn 
25 G Tower 

I Ar~naltnrnallre, purchmelMan~nM-13or M-I# 
alummum lower englnsaad $psc#loceliy lor the I I 

OX s a w s  low nnlse GaAslPl weamps homSl7-3 

~ R A N S V ~ ~ R S  u u u u m o  
T220128 220 MH7 Xvrlr 28 M 50 IF. 20 W .. . . $220 
7144128 144HhlXmr 28arSOlf.25 W .. .  1199 
PA332M 902 MHz 2 lube PA. 2WW + ...... . $499 
PA73150 12%2tubePA.lSO+ W . . .  .U49 
PA1375 23M 11uW PA, 25+ W . . . .  . . .  . $429 
HF4W H~qhwwe~ relay 2Kwal lU M&.. . . 5 1 s  
RKSOR Mrd~tjrn power relay IKW 11 144 MHz..$ 69 

Call or mite lor wtrlwua. 

IRINSVERTERS UNUMITEO I R I Y S Y n m P  U*UYmO 
BOX 6286 STATION A 
lORONT0. ONTARIO 
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With EMP Serles I ransi-Trap*' Sur ge Prol 
Model R - T  and LT EMP S e r i e s  tive, best for R C V R S  and XCVRS.  
Arc-Plug' cartridges are designed 2 kW models d e s i g n e d  for ampli- 
t o  protect against nuclear electro- f i en .  For maximum protection use 
magnetic pulse (EMP) .  as well as both. with 200 W model between 
lightning surge voltages. X C V R  and AMP All  models i n c l u d e  

T h e  EMP Series design is based replaceable A r c - P l u  cartridge and 

on the National C o m m u n i c a t i o n s  
are designed for ~ J o h m s .  

System T e c h n i c a l  Information UHF "T-type" Connectors, for use 
Bulletin 05-10 covering EMP protec- throu h 30 MHz: 
tlon for  communications equipment. MO%EL LT. 200 W . . . . . . . S 1 9 . 9 S  

All Transi-Trap Protectors feature Super Ruggedized Super Low Loss 
"isolated ground" to keep &mag- Models (0.1 dB a t  500 MHz). for 
ing arc energy from the  chassis. through VHF/UH' with UHF 

c o n n e c t o r s :  
Don't hook up your coax without onel MODEL R-T. 200 w . . . . . . $ 2 9 . 9 ~  
The 200 W models are most sensi- M O D E L  HV, 2 kW . . . . . . . $ 3 2 . 9 5  

A t  your Alpha Delta dealer. Or order direct in U.S.: add $2 for postage and 
handling. Mastercard and VISA accepted. O h i o  residents add Sales B x .  

See D a t a  Sheet  f o r  su rge  l i m i t a t i o n s  
1- 

P 0 B o x  5 7 1  C ~ n l r r v ~ l l e  O h l o  454'19 ( 5131  435 4 7 7 2  

v lol 

I - I 

1 I' 

FULLY REVISED 
Second Edition 
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-. ' I\\ BEVERAGE ANTENNA 

i HANDBOOK 

I by Vic Misek, WlWCR 
,,,. ". ,111,1... I R e c o g n i z e d  a r o u n d  t h e  w o r l d  as t h e  de f i n i t i ve  w o r k  on 

B e v e r a g e  Antennas.  W l W C R  h a s  s p e n t  c o u n t l e s s  
h o u r s  d e v e l o p i n g  new a n t e n n a  i d e a s  and op t im i z i ng  
t h e  S W A  (S tee rab le  w a v e  antenna.)  M i s e k  de l ves  deep 
i n t o  t h e  sec re t s  o f  t h e  s i n g l e  w i r e  B e v e r a g e  w i t h  he lp fu l  
h i n t s  a n d  t i ps  o n  h o w  t o  m a x i m i z e  p e r f o r m a n c e  b a s e d  
upon w i r e  size, he igh t  a b o v e  g round ,  ove ra l l  l e n g t h  
a n d  i m p e d a n c e  ma tch ing .  A l s o  i nc l udes  i n f o rma t i on  on 
c e n t e r  f e d  B e v e r a g e s  cons t ruc ted  o u t  o f  seve ra l  w i r e  
types.  CITY LOT OWNERS Note :  M i s e k  h a s  d e v e l o p e d  
a B e v e r a g e  f o r  y o u  too! C a l l e d  t h e  Micro-SWA,  i t  is 
jus t  60 11 l ong .  Y o u  g e t  exce l l en t  d i rec t iv i ty  a n d  null 
s t ee r i ng  capab i l i t ies .  T rans fo rmer  d e s i g n  i n f o rma t i on  
f o r  b o t h  t e rm ina t i on  a n d  f eed l i ne  m a t c h i n g  i s  com- 
p le te l y  rev ised.  '' 1987 80 p a g e s  2 n d  ~dGion 

LIVM-BAH Softbound $14.95 @ Please enclose $3.50 for shipping and handling 

ham radio BOOKSTORE GREENVILLE, NH 03048 603-878-1441 

ALL ABOUT CUBICAL QUAD ANTENNAS 
by Bill Orr. W6SAl and Stu Cowan. W 2 U  
The cubical quad anlellna 1s considered by many to be Me 
best DX anlenna because of 11s slmple Ihghlwe~qhl des~gn 
and htgh perlormance You'll llnd quad deslgns lor every- 
lhlrlg lrom the slnqle element lo the mu111 elpmenl monster 
quad There s a wealM ol  dala on constructton. teedlng 
lunlng, and mounllrlg quad antennas 112 pages 1982 
3rd rdftlon Includes dala lor WARC bands 

RP.CO Sonbound $7.95 

THE AMATEUR RADIO VERTICAL HANDBOOK 
bv Cot. Paul H. Lee. USN 1Ret.j. N 6 R  

Basedupon Ihe author's years 61 wdrk w~th a number of difler- 
ent vertlcdl antenna designs, you'll gel plenty of theory and 
deslqn inlormalton along w~th a number of practical conslruc. 
llon Ideas Included are dpslgns lor strnple 114 and 518-wave 
antennas as well as broadband and multi-element dlrect~onal 
antennas Paul Lee IS an cnqlneer and avtd ham and IS Ama. 
leur Radlo's res~dcnl expert on the vefllcal antenna 1984. 
2nd edrl~on. 

CO-VAH Softbound $9.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
bv Bill On. W I A l  and Stu Cowa. W 2 U  
~onlalns lols 01 well ~lluslraled conslrucl~on projects tor 
venlcal, long wlre, and HFNHF beam antennas There 1s 
an honest ludgment of antenna galn figures. rntormal~on on 
the besl and worst anlenna locations and heights, a long 
look at the quad vs Me yagl antenna. ~nformat~on on 
baluns and how to use them. and new ~nlormat~on on Me 
popular Sloper and Delta Loop antennas The lexl is based 
on proven dala plus practical. on-lhe-alr experience. 190 
pages 1978 1st edlllon 

RP-AH Softbound $9.95 

HF ANTENNAS - The Easy Way 
by John Haerls. WBSIIR 

This tutorial 4s an excellen! source book on antenna theory 
and applrcallons Examples of areas covered are: Fun- 
damentals, antenna and lcedllne lermlnology, baluns. 
ground systems, l~ghtnrng prolectlon. The Basrc Antenna. 
Ihe dlpole. Ihe 7epp. GSRV. Wlndom. Specral Antennas, Me 
slopcr. DDRR. Beveraq~, lolded unl le Beams. WBJK 
Yaql two element quad, and Ihe I t $ ~ e l e r  band slor j  
John's wrltlng IS In an easy~lo understand conversat~onal 
slyle and 1s lull of examples and handy Itps and h~nts 
There are no drawmqs or ~llustrallons bul Johns prose 
palnts plclures lor clrar and complete undersland~ng 01 the 
lntormallon be~nq prt!senlcd 1984 Is1 Edll~on 

>JH-AT Sonbound $11.95 

BEAM ANTENNA HANDBOOK by W ~ S A I  ma WU 
Completely revlsed and updated the Ba rn  Antenna Handbook 
lnclltdes the very latest s t a t ~ ~ o l  the-art antenna deslun Corn. 
pule1 generated beam d~nrens~ons lor the 40. 30. 20. 17. 15. 
12. 10 and VHF bands are ~ncluded eltmlnatlng Ihe need lor 
lrrne consuming malh calculal~ons Also covered are Ream 
helght and optllnurn apex of rad~atlon, how element types and 
hartlware ellect perlormance. cllect ol nearby ohlects on raJ,. 
atloft pallerns, leedllnes, baluns and malchlng syslelns and 
much ninre Ham flad~o VHF colurnnlsl WI JR. and noted Eu- 
ropean VHF'er DLGWO's VHF anlenna des~gns are covered ex. 
tenslvely as well as NRS VHF long Yaqls 268 clearly wrltten 
payes 204 easy lo understand Illustrations, make mls the 
book lo buy lor beam construct~on 1985 1st ed~llon 
I RP-BA Sonbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
by Bill On, W6SAl and Stu Cowan. W 2 U  
Lratti how to bu~ld s~mplr economical w~re antennas 
Apartmenl dwellers take note1 Fool your landlord and your 
ne~qhbors w~ lh  some 01 Me ~nv~s~ble antennas lol~nd 
her? Well dlaqrammed 192 pages 1972 

RP-WA Sotlbound $9.95 

ARRL ANTENNA BOOK 
14th Edltlon 
The Amateur Antenna b~ble Includes lust abu t  every bltof In- 
lormat~on you'd ever wan1 to know about antenna deslgn. 
constructron and Meory Starts WIM wave propagallon 
antenna lundamenlals and transmlsslon lhne Mwry pro- 
~ ~ P ? \ P F  through co~rpllng Me lransmlner and anlenna to the 
leedllrie lo 9 blg lncluslve chapters on how to build d~nerent 
antrrinas 1982 14th ed~tlon 200 pages 
I AR.AM SoWound I.00 

ham radio BOOKSTORE 
G R E E N V I L L E .  NH 03048 603-878-1441 
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revisiting the "poor 
man's spectrum 
analyzer": 
digitally generating 
sawtooth (and other) 
waveforms 
In the March, 1987 column we dis- 
cussed the "Poor Man's Spectrum 
Analyzer," which I built from an article 
published by W4UCH.I The design 
was originally put together by Murray 
Barlowe, WA2PZ0, of Science Work- 
shop.2 In that column I mentioned that 
the sawtooth generated for that 
project left something to be desired, 
and offered a digitally generated im- 
proved sawtooth generator design to 
anyone who sent me a No. 10 SASE. 
Nearly 30 people wrote to me either via 
ham radio, my old callbook QTH, or 
my new QTH (see end of this article). 
As a result, I've'decided to publish that 
circuit here. The response to my offer 
delighted me because it indicates that 
the doomsayers are wrong: Amateur 
construction is not dead! 

Figure 1 shows part of the problem 
with the original sawtooth generator 
circuit. In my previous column on this 
subject, I showed several different 
sawtooth waveforms that were worse 
than fig. 1; this version is the best 
case. The waveform has two defects 
which adversely affect the operation of 
the spectrum analyzer. First, the rising 
ramp part of the sawtooth isn't linear. 
Because the original design was a 
capacitor chargeldischarge circuit in 
the form of a Miller integrator, the 

ramp naturally has a shape like the 
normal capacitor charge waveform. 
What's required of a proper sawtooth 
is a linear ramp. The second defect is 
the fall-time: it's too long. Use of a few 
low-cost digital components produces 
a better sawtooth waveform. 

fig. 1 Best waveform available from the 
sawtooth generator. 

The circuit for the new sawtooth 
generator is shown in fig. 2. The heart 
of this circuit is U1, a DAC0806 eight- 
bit digital-to-analog converter (DAC). 
This DAC, based on the Motorola 
MC-1408 family of DACs, was selected 
because it's well behaved and available 
through mail order sources such as 
Jameco Electronics3 or in blister packs 
through Jameco's local distributor line 
of Jim- Paks. 

A DAC produces an output voltage 
that is proportional to the reference 
voltage or current and the binary word 
applied to its digital inputs. The trans- 
fer function of this DAC is: 

where: 
lo is the output current from pin 4; 
IREF is the reference current applied 

to pin 14, and 
A is the decimal value of the binary 

word applied to the eight binary inputs 
(pins 5-12). 

The reference current is the refer- 
ence voltage divided by the series 
resistor value at pin 14. In data systems 
the reference voltage is a precision, 
regulated potential. But in this case we 
don't need that precision, so we can 
use the V + power supply as the refer- 
ence voltage. Therefore, the reference 
current is ( + 12 Vdc)/R4. With the 
value of R4 shown (6800 ohms), lREF 
is 0.0018 amperes, or 1.8 mA. Values 
from 500 pA are permissible with this 
device. If you elect to change the refer- 
ence current, be sure to keep R4 equal 
to R5. 

The reference current sets the maxi- 
mum value of output current, lo. When 
a full-scale binary word (1 11 11 11 1) is 
applied to the binary inputs, the out- 
put current lo is: 

the DAC0806 is a current output DAC, 
so we must use an op amp current-to- 
voltage converter in order to  make a 
sawtooth voltage function. A circuit 
that accomplishes this is an ordinary 
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inverting follower without an input 
resistor. The output voltage (YO) will 
rise to a value of (lo x R3). 

The waveform produced by this cir- 
cuit is shown in fig. 3. This waveform 
has a period, T, of about 5 ms (1 I T  = 
200 Hz), and an amplitude of about 5 
volts. In fig. 3A, notice that the fall- 
ing edge is too fast for the osciloscope 
camera to photograph (contrast this 
with the fig. 1 waveform). The lead- 
ing edge of this latter waveform also 
represents an improvement. An ex- 
panded view of the positive-going 
ramp is shown in fig. 3B. 

The actual output waveform is a 
staircase of binary steps, each equal to 
the 1-LSB (Least Significant Bit) cur- 
rent of U1 (or the l-LSB voltage of 

L 

Vo). The 1-LSB voltage is the smallest 
step change in output potential caused 
by changing the least significant bit 
(B1) either from 0 to 1, or from 1 to 
0. You don't see it in fig. 3 because 
the frequency response of the 741 
operational amplifier used for the 
current-to-voltage converter acts as a 
low-pass filter to smooth the wave- 
form. If a higher frequency op amp is 
used, then a capacitor ;hunting R3 will 
serve to (low-pass) filter the waveform. 
Although I haven't tried other op amps 
in this application, I suspect a -3 dB 
frequency ( f l  of 1 or 2 kHz will suffice 
to smooth the waveform. The value of 
the capacitor is calculated from: 

where: 
C is the capacitance in microfarads; 
f is the - 3-dB cutoff frequency in 

Hz; 
R3 is expressed in ohms. 
This circuit is synchronized by a 

clock oscillator consisting of a single 
555 IC timer. Although not a TTL 
device, the 556 is TTL-compatible 
when the V + potential applied to pins 
4 and 8 is limited to + 5 Vdc. The 555 
is connected in the astable multivibra- 
tor configuration and generates a + 4 
volt amplitude series of pulses. The 
operating frequency is set by three 
resistors (R1, R2, and RW) and capa- 
citor C7. The actual frequency is: 

1.44 * = ((Rl + RW) + 2R2) C7 

* 

t 1 2 v  - 1 z v  
0 0 
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where: 
f is the frequency in Hz; 
C7 is in farads; 
RI, R2 and RW are in ohms. 
Select a clock frequency that is 256 

times the desired sawtooth sweep fre- 
quency. For most spectrum analyzer 
projects the sweep frequency range 
will be 10 to 200 Hz. Slower rates make 
viewing on the CRT screen difficult, 
while faster rates may tend to "ring" - 

the bandpass filter used in the i-f am- 
plifier section. 

waveform selection 
AS k~ectronic music buffs will testify, 

we can get almost any waveform we 
need by applying the right binary 
words to the digital inputs of the 
DAC0806. Because I wanted a saw- 
tooth waveform, the DAC inputs were 
connected to the outputs of an eight- 
bit binary counter built from a pair of 
7493 TTL base-16 counter chips. Each 
chip is a four-bit counter, so they are 
cascaded to produce the eight-bit 
binary word needed to drive the DAC. 
If you want a detailed description of 
this chip, I recommend Don Lancas- 
ter's book TTL Cookbook.' The func- 
tion of this counter is to increment in 
steps from 00000000 to 11111111 
under control of a clock signal applied 
to the input (pin 14) of U2. You could 
use any eight-bit counter that outputs 
a lTL-compatible signal in place of the 
7493 devices that I selected. The 7493 
was chosen for the best of all engineer- 
ing reasons: I hac! a pair of them in my 
junkbox. 

If you want a triangular waveform, 
then it's possible to replace the 7493 d e  
vices with a base-16 upldown counter 
chip. Arrange the digital control logic 
to reverse the direction of the count 
when the maximum state (1 11 11 11 1) 
is sensed. 

There are two ways to generate 
waveforms other than a sawtooth or 
triangle, and both of them involve 
using computer memory. The binary 
bit pattern representing the waveform, 
and then output in the right sequence, 
are stored in memory. One method 
uses a ROM that you pre-program with 
the bit pattern. A binary counter cir- 

fig. 3A. Waveform f ~ o m  the digital sawtooth 
generator: three successive waves. 

fig. 38. Waveform from the digital sawtooth 
generator, expanded to show greater detail. 

cuit connected as an address genera- 
tor selects the bit pattern sequence. 
The second method stores the bit 
pattern in a computer, then outputs it 
under program control via an eight-bit 
parallel output port. This method is 
usable for both generating special 
waveforms and for linearizing the tun- 
ing characteristic of the spectrum 
analyzer. 

The varactor TV tuner that forms 
the basis of this project has a nonlinear 
voltage vs. frequency characteristic. 
This is due to both the nature of var- 
actor diode voltage vs. capacitance 

curves, and to the fact that the 
change of frequency in an LC tank cir- 
cuit is proportional to the square root 
of the change in capacitance. For this 
reason I suspect that the actual mathe- 
matical function of the curve is basi- 
cally parabolic (i.e., it looks as if it 
might approximate a quadratic "ax2 + 
bX + c" function). 

There are a couple of methods that 
can be used for the linearization 
process. First, the analog method in- 

volves the use of an XY/Z analog mul- 
tiplier divider circuit (a special IC). 
These devices can be connected as a 
"square rooter" stage. There are two 
problems with this: first, that the 
values of the constants must be deter- 
mined (which is not so easy) and 
second, that many of these ICs tend 
to be either expensive or temperamen- 
tal, especially to changes in tempera- 
ture. However, there is a digital 
solution. 

The digital solution to the lineariza- 
tion problem involves storing a look- 
up table in either a ROM or computer 
memory. I learned this system in a 
medical electronics laboratory where it 
was once used to linearize low-level 
pressure transducer measurements. 
Figure 4 shows a generic version for 
a voltage that represents some 
parameter P, which in our case might 
be the frequency of the spectrum 
analyzer local oscillator. The actual 
nonlinear curve could be any shape, in- 
cluding parabolic, while the "ideal" 
curve is a linear function Y = mX + 
b, where b = 0. The idea is to meas- 
ure the ideal voltage (which in our case 
is generated by the sawtooth or tun- 
ing control) with an A I D  converter, 
and then output a binary word to a 
DAC that represents the actual re- 
quired voltage. For example, at point 
P1 the ideal vo1tage.i~ 0.9 Vdc, while 
the actual voltage is 0.68 Vdc. When 
the computer senses an ideal voltage 
of 0.9, it creates an actual voltage of 
0.68 in order to drive the tuning to the 
correct frequency. 

Another concept is to go all digital, 
except for the DAC that creates the 
actual tuning voltage. We could, for 
example, divide the spectrum up into 
N segments and store the binary codes 
for the correct tuning voltages in 
memory for each discrete point. The 
value of N corresponds to the bit 
length of the DAC. Figure 5 shows a 
simplified block diagram of such a sys- 
tem. Tuning is controlled by a clock 
that drives the binary counter. The N- 
bit binary word output from the coun- 
ter is routed to the address pins on the 
ROM. Contained in the ROM is the bit 
pattern for each of the 2N discrete vol- 
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project. (I had complained about the 
high cost, but have since learned that 
Dick Smith Electronics5 stocks them 
for less than 50 cents each.) Murray in- 
forms me that he no longer advises 
bypassing all of the leads because the 
capacitance tends to integrate the 
waveform, makes the receiver less us- 
able as a monitor receiver, and in- 
troduces a little instability. If you 
installed bypass capacitors on the 
leads into the shielded i-f box, remove 
all of them except the one on the + 12 
Vdc regulated power supply line. 

One reader wrote about an "invert- 
ed scope image" problem, which I am 
at a loss to describe. If anyone has had 
this problem and solved it, then please 
pass the solution on to me and I'll pass 
it on to the affected reader. If it's of 
sufficient interest, perhaps we'll find 
space to cover it in a future issue. 

WA2PZO now has a tracking gener- 
ator kit available for the "Poor Man's 
Spectrum Analyzer." It consists of a 
modified tuner and some extra parts 
that go on the SW-6006 i-f board. 
Write to him for details. In the mean- 
time, I'm planning to build it and evalu- 
ate it in this space sometime in the 
future. I don't want to devote much 
space to this project because of all the 
other pressing issues that interest read- 
ers . . . but a tracking generator has 
definite possibilities! 
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system. The correct binary word cor- tuner (that curve is the source of the 
responding to this calibrated discrete data that is contained in the ROM). -- 
potential is routed to the DAC, which 
generates the correct voltage. I haven't a note from WAPPZO Joe Carr, K4IPV, can be reached by mail at 

P.O. Box 1099, Falls Church, Virginia 22011. 

developed this circuit, but suspect that After my initial column on this topic I A 

it wouldn't be too difficult once an appeared, WA2PZO sent me a note on 
accurate and correct voltage vs. fre- the feedthrough capacitors used in the ham radio 

52 September 1987 



Nov r vuu can have the BESI In a raolo aara communlcatlons terminal witn the NEW DS-321 

lzlng the c 
- L - - - .  , 

:hlef weak . ~ - . -  -.- Recogn 
- -  . :mess of PI 
compurer-oaseo rermlnals is RFI generarlon ana sus- 
ceptiblllty. HAL has deslgned the fully-shielded DS- 
3200 foroperation in the radio datacommunications en- 
vlronment. No longerdo you have to QRT when that rare 
DX station's signal dips near the noise level! 

The DS-3200 Is provided with an extensive RT i r  sort- 
ware package which emulates the operatlon of our 
MPT31001DSK3100 combin, nessage process- 
ing and handllng.Contlnuoi jlsk of all received 
text, direct transmission of! lles from dlsk, and 
full edltingcapabilltyarejusr arew orrhefeaturesof thls 

iendly" software package. Plus, we hav~ 
ktest releaseof MS-DOS wlth GW BASH 

The D! 

atlon for I 
IS saveto1 
selected f . . .. 

5 THE cl 

8 includ- 
3! 

I port allows the uc 
u s 9 m  wlrn an external aemodulator such as tne HAL 
ST-5000, ST-6000, or ST-8000. Or, add the HAL PCI-2000 
tor a completely self-contained RTWICW termlnal and 
demodulator. Also, wlth the use of a second RS-232C 
serial ~ o r t  the DS-3200 can be used wlth your favorlte 

Packet! TNC on 

The DS- 

le of the . .... 

n radio 4 
- - 

nlted flex 
st some ot 
, RS-232C . ... - 

future ex1 
rare featul 
~rt, Paralle . .. - 

3200 wlth Its IBM PC XT-stylearchitectureglves 
you virtually unllc lblllty for pansion. 
Here is a ltstof ju! f its hardw as: 8088 
CPU, 640KB RAM Serlal Po 11 Printer 
Port, ClocWCalenaar wlrn dattery B~cK-up, I wo 360K8 
Floppy Disk Drives OR One W K B  Floppy and One 
20MB Hard Disk Drlve, HERCULES-compatible Mono- 
chromeGraphics Adapter with High-Resolution 12 Inch 
Monochrome Video Monlto- 

nmunicr 

Write or call for complete specifications on the NEW DS-32 

HAL Communications Corp. 
Government Products Division 
Post Office Box 365 
Urbana, lL 61801 
(21 7) 367-7373 TWX 910-245-0784 

1nd.d~: IBM. IntmWlonal Burllma Mmchllm 
Corpontlon 
MS-DOS. Mlcmwfl Carpanflon 
OW BASIC. MlCmMfl Corporatlan 
HERCULES. Hercules ComputerT.ehnology 



54 n September 1987 Tell 'em you saw it ~n H A M  RADIO! 



. . . .' 

LARGEST HAM OUTLETIN THE WORLD 

1.2 GHz Transceiver: 
The First  Fu l l - fea tured  

1240-1300 MHz Transceiver 

25 MHz-1300 MHz 

/ f i  :< C) (2 K f- (-1 

CALL F L i a  LOW'. LOWPRICE IMMEDIATE D E L I V E R Y  

Bob h m r o  W6RJ 
Prertdent 

Jlm RaWerty N6RJ 
VP Sc) Call1 Dtv 
Ananelm Mar 

ANAHEIM CA 92801 
>6:0 w 1 . i  P s ~ ~ t l a  
1;14l ;61 3033 (?I31 860-2040 
R~lween Dlrllcvlan6 L 
K I ~ I I S  R ~ i f y  rnrnl 

ATLANTA GA 30340 
6 0 i l  ~ u l o r d t i w y  
(4041 263-OiW 
Neil Mqr KC4MJ 
O n ~ n v ~ l l ~  1 mc north ol 1-285 

BURLINGAME. CA 94010 
YjY H " W , l l l l  lii'l. 

1.1151 3;'5;5i 
Gr014r Myr WRBOSV 
5 n~ f l v \  sculn on 101 trom SF0 

OAKLAND. CA 94608 
2210 Llvln slon SI 
,4151 534-457 
A1 Mgr WAGSYK 
17N 5th A v a  1175-16lh Ave. 

PHOENIX. AZ 85015 
1,O: W 1,,1~11rIt~a,k HC 
~l<)? l  .'I? 3515 
Rull Mq! kiH0H 
t,14 U 1  H l "  I: 

SAN DIEGO CA92123 
53ii K r a n  ~:lla Rd 
ihl91 56044b0 
Tmm. Mqr KM6K 
Hwy 161 6 Clafemonl Mesa Blvd 

VAN NUVS. CA 91411 

5.181 L111.9" t w "  
21 Vlr tory  Blvn 

STORE HOURS 
10 AM-5:30 PM 

CLOSED SUNDAYS 

Reader Servtce CHECK OFF Page 106 J 108 September 1987 55 



New PK-232 Breakthrough 

Six Digital Modes - Including Weather FAX 

Your home computer (or even a simple terminal) 
can be used for radio data communication in six 
different modes. Any RS-232 compatible com- 
puter or terminal can be connected directly to the 
PK-232, which interfaces with your transceiver. 
The only program needed is a simple terminal pro- 
gram, like those used with telephone modems, 
allowing the computer to be used as a data ter- 
minal. All signal processing, protocol, and 
decoding software is in ROM in the PK-232. 

The PK-232 also includes a no compromise 
VHFlHFlCW modem with an eight pole bandpass 
filter, four pole discriminator, and 5 pole post 
detection low pass filter. Experienced HF 
Packeteers are reporting the PK-232 to have the 
best Packet modem available. 

Operation of the PK-232 is a breeze, with 
twenty-one front panel indicators for constant 

status and mode indication. The 240 page manual 
includes a "quick start" section for easy connec- 
tion and complete documentation including 
schematics. Two identical back panel radio ports 
mean either your VHF or HF radio can be selected 
with a front panel switch. Other back panel con- 
nections include external modem disconnect, 
FSK and Scope Outputs, CW keying iacks, and 
RS-232 terminal interface. 

The RS-232 connector is also used for attaching 
any Epson graphics compatible parallel printer for 
printing Weather Fax. Weather maps and satellite 
photos, like the one in this ad, can be printed in 
your shack. 

Contact your local AEA dealer today for more 
information about the one unit that gives you six 
modes for one low price, the PK-232. 

2006-196th St. SW 
Lynnwood, WA 98036 
(206) 775-7373 



happy days are here 
again? 
Something happened last spring. 
After many months of mediocre con- 
ditions, the DX bands came alive. 
Twenty meters was open until almost 
midnight, alive with mouth-watering 
signals. Long-distance DX contacts, 
heretofore a weak, watery S1 to S2, 
were now booming in S9-plus. I 
amazed myself by working a UA1 on 
15 meters, something that hadn't hap- 
pened for many years. DX signals were 
even coming through on 10 meters! 

Although this activity decreased 
somewhat with the summer lull and 
high static level, it seems to be pick- 
ing up with increased vigor this fall. For 
Amateurs licensed within the last five 
years, radio conditions over the next 
several years - as the sunspot cycle 
increases rapidly - are going to hold 
big surprises. . . you ain't seen nothin' 
yet! 

the two-band loop antenna 
It's not easy to get an effective DX 

antenna that will work on both 80 and 
40 meters. By "80 meters," I mean 
both CW operation at the low end of 
the band and SSB operation near the 
DX slot at 3.8 MHz. It looks as if Jack 
McCullough, WGCHE, has found an 
answer - providing you have a 
modest tower and a small amount of 
real estate. Jack's solution to the 
80140-meter dilemma is shown in fig. 

18' ( 5 . 4 9 m l  
4 5 0  OHM L I N E  

RELAY OPEN FOR 7 M H z  AND 3 .6MHr  

RELAY CLOSED FOR 3 . 8 5 M H r  

0 - 48' (14 63 m) OF 75 OHM COAX 
(RG- I I IU)  HESONA TES AT 3 85 
MHz COILED AT TOWER BASE 

- 5 0  OHM COAX I R G - 8 / U I  
TO SHACK 

L 
fig. 1. W6CHE 40- to 80-meter quad loop. 

i 
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fig. 2.  Operating range of WGCHE loop with relay ( A )  closed or (8) open. 

1. The basic antenna is a single 
80-meter diamond-shaped Quad loop 
measuring 65 feet on a side and hung 
from the top of a 75-foot tower. Since 
the overall height of the diamond from 
base to apex is about 90 feet, the loop 
plane is tilted out at the base, away 
from the tower. The assembly, thus, 
is not in the vertical plane. If you have 
a higher tower, the loop can be mount- 
ed in the vertical plane. 

t 4 0 -  * '  w 1 

3 .0 . -  

2 . 0 - -  

The loop is fed with a 50-ohm coax 
line, plus a 48-foot section of RG-11 /U 
(75 ohm) coax which serves as a 
matching transformer. The line is cut 
to 3850 kHz with the aid of a dip meter. 

80-meter operation 
A double-pole relay is placed be- 

tween the matching section and the 
feedpoints of the loop. When the re- 
lay is closed, the loop is resonant at 3.8 

OPERATING RANGE 

MHz. When the relay is open, the loop 

1.0,- I 
7 . 0 0  7.05 710  7.15 LPO 1725 7 SO 

f (MHz1 

f ig .  3. Operation of WGCHE loop at end of 40-meter band (relay open). 

is lengthened by means of an 18-foot 
section of 450-ohm open-wire line. The 
loop is now resonant near 3.6 MHz 
(see fig. 2). Thus, by the flick of a 
switch, the antenna can be made res- 
onant at either end of the 80-meter 
band, providing a low value of SWH 
to the transmitter. 

40-meter operation 
Operation across the lower portion 

of the 40-meter band is possible when 
the relay is either open or closed. The 
best situation is shown in fig. 3, with 
the relay in the open position. The 
operating range, as defined in the 
curves, is about 7.0 to 7.25 MHz. 

The secret of moving the Quad loop 
about in frequency is the length of the 
matching stub. Obviously a different 
length stub is required for operation at 
the high end of the 40-meter band. 

The final W6CHE loop design is 
shown in fig. 4. Two relays and two 
stubs are used. One stub is 15 feet long 
and the other is 4 feet long. In series 
connection, they represent a stub 
about 19 feet long. The stubs are 
switched in and out of the circuit by 
means of a two-pole, three-position ro- 
tary switch at the operating position. 
Power is applied to the relays by 
means of a separate switch which 
energizes the dc supply. Switching se- 
quence for the various frequency 
ranges is listed in table 1. 

a temporary wire antenna for 
80, 40 and 20 meters 

A friend of mine moved into a tem- 
porary location and wanted to get on 
the high frequency bands with an un- 
obtrusive antenna. He and I thought 
about it for a while and finally decided 
on an end-fed wire working against a 
radial ground system (fig. 5). On 160 
meters, the antenna is about 3/16 
wavelength long; on 80 meters, about 
318 wavelength; on 40 meters, about 
314 wavelength; and on 20 meters, 
about 312 wavelengths. On all bands 
except 160 meters, the feedpoint im- 
pedance runs between 65 and 180 
ohms. On 160 meters, it's about 10 
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Table 1. Switching sequences for WGCHE loop. 

Frequency Range SW1 SW2 Total Stub 
(kHz1 Length 

3500-3650 open - 19 feet 

3550-3750 closed Position 1 15 feet 
3700-3900 closed Position 2 4 feet 
3750-4000 closed Position 3 - 
7000-7125 open - 19 feet 

7125-7300 closed Position 1 15 feet 

A I)  

- , I ' l 4 .s7ml  

45O.OWY 

L lNE  

c 4'f,.ZZml 
4 5 0  OHM 
L INE  

.-.-- 3 WIRE 

?-CONTROL TO RG-I#/"  ..--. 
CABLE 

c o a x  

2.V 

OC 

12ov 
AC 

fig. 4. Dual-relay arrangement for  operation o n  the  different segments o f  the 40- and 
80-meter bands (see table 1). 

ohms. An L-network at the base is a good radial ground termination at the 
used to feed the antenna. base of the antenna. A combination of 
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RADIAL SYSTEM 

fig. 5. Multiband, end-fed wire antenna for 160 to 20 meters. 

radials laid upon the surface of the 
ground will do the job. The more radi- 
als, the better. 

In this particular installation, the ver- 
tical portion of the antenna is about 35 
feet, or approximately a half-wave- 
length on 20 meters. 

Since the antenna terminates just 
outside the radio room, the network is 
placed in a waterproof box that can be 
reached in seconds when a band 
change is desired. 

The antenna was adjusted first on 80 
meters. The terminals at A-A were 
shorted together with a one-turn loop 
and the antenna cut for resonance at 
3.5 MHz, with the aid of a dip meter. 
The flat-top was pruned to achieve the 
proper electrical length. This makes 
the antenna slightly short for operation 
on 40 and 20 meters, but the L-net- 
work takes care of the situation. It also 
permits operation of the antenna at the 
high-frequency end of the 80-meter 
band with a low value of SWR at the 
transmitter. The L-network capacitor 
is reversed by S1 for 160-meter oper- 
ation, and the frequency response 
without retuning on this band is only 
about 25 kHz. 

While its performance on 20 meters 
isn't equal to that of a Yagi on a 
60-foot tower, it does permit plenty of 

enjoyable QSOs in a location where a 
more robust and permanent antenna 
would be impossible to erect. 

15-meter Yagi 
1 received a letter from "Mac" 

McDaniel, W4PFZ, that brought joy to 
my heart. Mac says: 

Back in the February, 1955, issue of 
CQ, you described a two-element Yagi 
with data for making it a three-element 
array. / was living in Richmond, Vir- 
ginia, at the time and made an exact 
copy of the beam. It had plenty of 
gain, and local hams were surprised at 
the front-to-back ratio, which seemed 
to be about 36 dB. 

Over the course of many years 1 
have moved frequently and the beam 
has been disassembled and reassem- 
bled several times. I now have the 
original beam up on a 55-foot wooden 
pole. Every time I check the front-to- 
back ratio on ground wave 1 come up 
with numbers between 32 and 38 dB. 

1 adhere to the philosophy of "if it 
ain't broke, don't fix it," and have 
never changed a single dimension 
since first building the beam in 1956. 
I've replaced the variable gamma ca- 
pacitor several times and reset it for 
resonance at 27.3 MHz, which takes 
about 10 minutes. 

The last time I reworked the gam- 
ma match, 1 did it with the beam near 
the ground, pointed up at the sky. It 
was easier than working atop the pole 
and the final result is no different than 
adjusting the match at the top of the 
pole. 

I thought you might like to hear 
about the success obtained from fol- 
lowing your construction information 
in an article written over 30 years ago! 

Designed long before computer- 
aided programs were available, the 
beam Mac speaks about represents a 
configuration determined by field 
strength measurements made on a 
crude antenna range. The inner por- 
tions of the elements were made of 
12-foot lengths of I-inch diameter alu- 
minum tubing and the tip sections 
were made of 718-inch diameter tub- 
ing. Elements were attached to the 
boom by means of 8 x &inch alurni- 
num plates oriented diagonally so the 
actual contact with the boom and the 
elements was about 11 inches. 

The ends of each center element 
were slotted with a hacksaw to a depth 
of about 1 inch and stainless steel hose 
clamps were tightened around the 
slots. A band of red paint was put 
around each outer section so it could 
be reassembled exactly as it was 
originally. 

Since 15 meters is coming back to 
life, I'm reprinting my original Yagi de- 
sign for those DXers who might want 
to build their own beam (fig. 6.). 

The boom is a single section of 
heavy-wall tubing, 1 inch in diameter. 
Dimensions are given for resonance at 
21.3 MHz. 

The only adjustment required is that 
of the gamma matching device. 
Length and spacing of the gamma rod 
are set as illustrated and a small 
amount of power is fed to the beam 
via an SWR meter. The variable capac- 
itor is adjusted for the lowest value of 
SWR. In some cases, it may be neces- 
sary to move the shorting strap be- 
tween the driven element and the 
matching rod a few inches one way or 

the other to achieve a near-unity SWR 
figure. 
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Although I've never done it, W4PR 
suggests that the beam can be adjust- 
ed on the ground by supporting it in 
a vertical position, with the director 
pointing up at the sky and the reflec- 
tor clear of the ground by a few feet. 
This sounds a lot easier than hanging 
by your heels atop the tower to adjust 
the gamma capacitor! 

In the original design, the gamma 
capacitor was mounted inside a 3 x 4 
x 5-inch aluminum "minibox." It was 
isolated from the box by means of an 
insulating plate. The box was ground- 
ed to the antenna boom. A coax fit- 
ting for the feed line was placed on one 
end of the box and a ceramic feed- 
through insulator at the other end of 
the box supported the gamma rod. 
The shaft of the capacitor could be ad- 
justed through a hole in the box. After 
adjustment, the hole was closed with 
several layers of tape to prevent water 

I 
tO '3 '  16.17nl  

m 1 

from entering the box. The seams of 
the box were coated with roofing com- 
pound for the same reason. 

Commercial 6061 or aircraft alloy 
2024 tubing are recommended for con- 
struction of the elements. To retard 
oxidation at the element joints, a spe- 
cial lubricant, such as the grease em- 
ployed in industrial power installations 
that use aluminum conduits, is used. 
(Some of the trade names for this 
compound are Penetrox, "' Cual-aid, '*' 
and Ox-guardm. The compound is 
smeared lightly over the tubes before 
they are joined. 

I don't know whether many Ama- 
teurs build their own beams from 
scratch today, or if they buy pre-cut 
kits from a manufacturer. I'll be in- 
terested to hear if anyone duplicates 
this proven antenna and what kind of 
results they achieve with it. Good luck! 
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fig. 6. The W4PFZ version of the original WGSAI beam for 15 meters using 12-foot boom. 
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The70 Series Multirneter: The Shining 
Standard By Which Others Are Measured 

These mulllrnelers pve you so l~d  value lor 
your money A 3-year warranty keeps you from 
paying the price over and over lor lesser quality 
meters. 

Choose lmm either Ihe basic 73 or the 
lealure-rich 75 and 77. You'll find the features you 
need a1 the price you can afford. Touch HoldrM for 
holding readings. Audible tones lor continuity 
checks. Autoranging lor simple operation. 

Uncompromised quality at competitive 
prices. Get your hands on a 70 Series Multimeter 
a1 leading eleclronics distributors nationwide. Or 
call toll free 1-800-227-3800, exl. 229 for more 
information, 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

@ 1987, Fluke 

,0 110 ' 
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Radios & 

AUTHORIZED SALES & SERVICE 
FOR 

KENWOD mIIcoMI 
Also displr~ying 111e p o p u l ~ r  trcc~e.s.sorrc~,s ~rc~c,dr(l 10 co~nplc~tc, ( I  HAM SATION . . . 

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 

RELDEN BENCHER B & W DAIWA ALINCO 

*LABOR DAY HUSTLER KLM LARSEN MIRAGE ROHN 
TELEX/HY-GAIN TOKYO HY-POWER LABS 

SPECIALS TRAC KEYERS VIBROPLEX WIlLZ KI'C'. J 11s 

Sept. I - Sept. 12 

"INSTANT" 
MORSE CODE 

Beginners: 
Deliciously Easy 

I 

Experts: 
Automatically Fast 

CURLYCODETM MANUAL 
ONLY $6.50 

Guaranteed 

4 1 ND 9 Minds eye Publications 
Dept. H29, Suite 115-199 

@J@ 1350 Bluefly Rd. 
McLean, VA 22101 
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YODEL 
144-2P 
144.4P 
22DZP 
220.4P 
43C-2P 
43D4P 
902-2P 
902-4P 

1296-2P 
1296-4P 

PRICE 
151 W 
5 5 8 W  
15000 
557 00  
$48 W 
$56 W 
148  00  
$5600 
5.4900 
I 5 7  00 

STRIOSBERG ENGINEERING. CO. 
PO Box 7973 . Shrsvemrt. LA 71 I 0 1  . USA 

Phone 13181 865-0523 
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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 
Sawfcrng "Hams " for 30 years. no ng 

too old or new for us 
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4033 Brownsville Road 
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ACCESSORIES 
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,ing how much opera t i ng  t i m e  you've g o t  left 

B y  s imp ly  pressing a button, you'l l  know exact ly w h e r e  
you stand. No more surprises. 

And that's not all. In addition t o  state-ofch 
MOLICELm batter ies offer: 
Charge retention o f  years instead of weeks. 

More opera t i ng  time between charges. 
MOLICELm rep lacemen t  battery packs compatible 
several popular handheld transceivers are availabl 
MoliKit. Order yours now! 

MOLICELm replacement battery mcks [in kit form) are available with 
plastic cases lor ICOM transceivers only Please enqulre about cornpat- 
~bility with other makes. The MoliKit Nlcludes a 6 cell pack. PC board, 
electronic components, charger and instruction book. Price: $99 U S. 
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MobKil 1-800-663-6658 PO Box 82460. N Burnaby. BC. Canada 
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1500 + WATT TRANSMATCH KIT $154.95 OTHER KITS 

............. Article ReDrintS (refundable). .S1.50 p K j q  ...... 
GJRUH, PSK Packet Modem, Satl.KerrestrlalS99.00 
PC Board for above only, delivered.. ,527.99 
Ten.Tec Designer Cabinet for above.. ..... .S12.00 
KSCW Memory Contest Keyer.. . . . . . . . . .  .S109.00 

. . . . . . . . . . . . . . . .  CMOS Keyer wlPaddle.. .$45.00 
. .  Yaesu FRG-9600. .1 to 80 MHz.Converter. ,594.95 
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OPTIONS- 1887 catalog s1.w 
enclosure (pictured in Sept. 86 CQ). W . 0 0  RADIOKIT P.O. Box 973-H 
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I THROW AWAY YOUR FALCON CATALOGS 
I 

I I 
I I 

Falcon Communications, 
THE source for quality, 
American made, MOS- 
FET repeater, base sta- 
tion and mobile power 
amplifiers announces a 
major re-design of our 
line. 

' IIN I 

- I 
see your cieaier, or con- *@ I 
tact the factory, for the I 

I 
latest information on our I 

new MOSFET and bi- I 

>' I 
polar power amplifiers. I 

I - 
I 
I 

P.O. Box 8979 Newport Beach, CA 92658 I 
I 

COMMUNICAT/ONS 
( H 4 )  760-3622 B 

i 

Since you Can't buy a TAPR TNC 2 k11 anymore. we lee1 
our Lbenwd copy 01 thelr design IS the nexl besl 
lnlng Our TNC I t  13 an EXACT copy 01 TAPR's with all 
11s jumpers and a modem dtsconnecl ~nstalled. We use 
only premum components llke GOLD dual . beam IC 
sockets and a ba t lev  sockel You'll be assured that 
our Ouallly. Rell.blllty. Style IS Ilke no olher 

'Slandard RS-232 computer ~nterface 
'12W baud FSK modem wlinpul tllter 
.TAPR documenlal~on - EASY hookup 
'12 vdr powered. CMOS ava~lable - - - - - The WORLDWIDE Sundard - - - - - 

(R4uIr.m only a manllor mnd nolhnrm) 

Ca/ifornia Packer Concepts 
P.O. Box 4 4 6 9  

Visalia. CA 9 3 2 7 8  
1.2091625-8429 

Call M.F 5 m to IOpm PST (Collecl for orders) 
Telex 65636187918 ("la Western Unlon Interlace1 

Calllornta addresses musl add 6% 

I I /Field tested for over 2 years i 
I / Full 2 year warranty I 
I F R E E =  I 
I 

- 

Frcc Full (:olor 13roc.Iiurc 1 
Call Toll-Free I I c 1-800-621-8387 i 

I \ ext.244, S a m  5 prn h Ia , t~ l r t ;~~n  T l m r  1 
I [ )' 'v"'rs~ I 
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RUTLANI I ARRAYS 

PRES~NTING 
THE FINEST 432 MHZ 
ANTENNAS AVAILABLE 

NOW AVAIIABLE FO 33 17 q OED GAlN 33EL 
24FT $159.95 

THE FO-22 15 8 DBO MEASURED GAlN 
22EL 14FT $76 64 

AN OUTSTANDING ANTENNA FOR EME-WEAK 
SIGNAL-TROPO 

THE RIW-19 14 9 DBO MEASURED 
GAlN 19EL 13FT $69.95 
FOR EME-TROPO-AN 

Assembly llme 1 hr per antenna 
Add $6 UPS. S/H for srngk or palr of antennas. $4 west 

01 the MISSISSIPPI PA res~dents add 6% state lax 

ALSO MILABLE Power [hvlders-Stacklna lrames 

Wnle lor delalls and Prlce Sheet 

RUTLAND ARRAYS 
1703 WARREN STREET 

NEW CUMBERLAND. PA 17070 



minimum requirements 
for 2-meter EME: part 2 
Last month's column was an intro- 
duction to 2-meter EME communica- 
tions, including explanations of EME 
terminology.' With that information in 
place, we can concentrate on the mini- 
mum requirements, recommended 
equipment, and operating techniques. 

the minimum station 
As I stressed in earlier  article^,',^,^ 

the goal should be to build a station 
that allows you to hear your own 
echoes if all conditions are favorable; 
I call this the "minimum station" (fig. 
1). This setup includes the "built-in 
test" feature described in reference 1 
so you'll be able to verify that your 
gear is functioning properly. You'll not 
only be able to have successful EME 
contacts - you'll be able to quickly 
evaluate system changes and improve- 
ments as well. 

Table 1 shows the typical minimum 
parameters and equipment necessary. 
As you can see, the path loss is stag- 
gering compared with path loss on hf, 
where signals are typically attenuated 
only 75 to 175 dB. This is part of what 
makes EME communications such a 
challenging sport! 

It may be worthwhile for those who 
are mathematically inclined to see how 
EME path loss is calculated. Some- 
times the so-called "radar equation" is 
used4: 
eqn 1: 

is the effective aperture of the anten- 
na in meters squared, 6 is the radar 
cross section of the target in meters 
squared, and Smi, is the minimum de- 
tectable signal in watts. 

Because eqn. 1 isn't easily adapt- 
able for Amateurs on EME, I prepared 
eqn. 2, which is oversimplified and not 
applicable to the higher bands, where 
the sky noise is very low. This simpli- 
fied "2-meter EME radar equation" is 
useful for evaluating the elements of 
a station that uses the same antenna 
for transmitting and receiving. The 
reference is the received signal level at 
the antenna feedpoint based on a 
50-ohm impedance: 

Where P, is the received signal power 
in dBm (level with respect to 1 mil- 
liwatt), P, is the transmitted power in 
dBm measured at the antenna feed- 
point, G, is the antenna gain in dBi 
referenced to the feedpoint, and PI is 
the path loss in dB. 

For example, let's evaluate the mini- 
mum station shown in table 1. P, is 
the transmitted power at the antenna 
feedpoint, 500 watts or + 57 dBm. G, 
is the antenna gain, +20 dBi. PI is the 
nominal path loss, or 252.5 dB. There- 
fore, the received power level at the 
feedpoint is approximately - 155.5 
dBm (0.0038 microvolts), a very weak 
signal! (More on this shortly.) 

Antenna gain deserves some further 
comment. As mentioned before, when 

tied in dBd (gain over a dipole) and 
you'll be all set. If you use stacked an- 
tennas, you'll have to estimate the 
overall system gain (see references 5 
through 7). When estimating antenna 
system gain, don't forget to subtract 
the phasing line loss. 

As discussed in last month's col- 
umn, i t  is common EME practice to 
use the same antenna on both trans- 
mit and receive. The most important 
EME parameter in eqn. 2 is antenna 
gain; every time the EME antenna gain 
increases by 1 dB, the total system 
performance improves by 2 dB (1 dB 
stronger on transmit and 1 dB on re- 
ceive). Therefore, eqn. 2 clearly shows 
that you should spend most of your 
EME efforts on perfecting your anten- 
na system. 

The transmitted power is well under- 
stood. Any increase here is on a dB- 
for-dB basis. .Generally, increasing 
transmitted power helps the other sta- 
tion hear you better. If you have a l-dB 
feed line loss between the output of 
your final power amplifier and the an- 
tenna system, a typical setup on 2 
meters, 625 watts is required in the 
shack so that the required 500 watts 
will be present at the antenna. There- 
fore, increasing the transmitter output 
to the new FCC limit of 1500 watts will 
increase your signal by only about 3.8 
dB, at a considerable expenditure in 
power amplifier cost. 

Finally, there are the receiver con- 
siderations. The one most often dis- 

'4 calculating EME performance, anten- cussed parameter is the noise figure. 
R1n(l-r = 'IPt ' (141i)2 na pains are usually specified in dBi Usually, the lower the noise figure, the 

where R,,, is the range in kilometers, (dB over isotropic), since the path loss more sensitive the receiver, and the 
P, is the transmitter power in watts, G is specified in the same terms. Just better you can hear the weak signals 
is transmitter antenna gain in dBi, A, add 2.15 dB to any antenna gain speci- returning from the moon. However, on 
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VERAGE A N D  P E P  R F  MONITORING B U I L T  I N T O  A L L  UNITS. 
1.6 t o  1300 mHz. 1 watt t o  5kw 

SWR & POWER METERS 
EXCLUSIVE!!!PATENTED WIDEBAND Z COUPLER, AVAILABLE IN 

NO OTHER UNIT AT ANY PRICE, PROVIDES LABORATORY ACCURACY 
AND QUALITY AT AMATEUR PRICES ... 

INTRODUCTORY INTRODUCTORY 

AMATEUR-WHOLESALE ELECTRONICS TOLL FREE..800-327-3102 
46 G r e e n s b o r o  H i g h w a y ,  Watk insv i l l e ,  G e o r g i a  30677 Telephone (404)  769-8706 T e l e x :  4930709 ITT 

MODEL 
SG.lM)F 

MADE IN $429 95 
USA dellvlred 

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

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

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

VANGUARDLABS 
196-23 Jsmalca Ave.. Hollls. NY 11423 

Y 125 
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Table 1. This table shows the mini- 
mum requirements for successful 
2-meter €ME echoes as discussed in 
the text. 
Path loss 252.55  1 dB 
Minimum antenna 
gain 20 dBi 
Minimum transmitted 
power at antenna 
feed 500 wans ( t 57 

dBm) 
Maximum receiver 
noise figure refer- 
enced to the antenna 
feedpoint 1.5 dB 
Receiver bandwidth 50 Hz 

MAIN POWER 
S P L I T T E R  

r v s w ~ / ~ o w ~ ~  M E T [  v 

\\ 

2-meter EME the law of diminishing re- 
turns applies. You're limited not only 
by the feed line loss in the antenna sys- 
tem, but by the noise the antenna 
"sees" as well (see reference 1). If your 
antenna feed line loss ahead of your 
preamplifier is low (i.e., 0.5 dB maxi- 
mum), you probably won't gain much 
improvement by using a noise figure 

RECEIYF  I I ;  

TRANSMI  T T F R  , 
E Y C I l 1  R 1 '5ECONDARI \ r; H i O U E N C I  5 1 1 N D b R D  

below 1.0 dB. This will be discussed 
below. 

0 

a marginal 2-meter EME 
station 

By now you're probably wondering, 
"But what if I don't want to go all the 
way and build a minimum EME sta- 
tion? What are the minimum require- 
ments?" All other parameters being 
equal, the only requirement that has to 
be satisfied is that the sum of the an- 
tenna gains at both stations be equal 
to or greater than 40 dBi. Therefore, 
if the other station has a 25-dBi an- 
tenna gain, you can have successful 
QSOs with only a 15-dBi antenna gain 
- the gain of a single high-perfor- 
mance Yagi on a boom measuring 
three wavelengths or longer. 

If you have the minimum 20-dBi an- 
tenna gain and schedule a station 
sporting 25 dBi of gain, you can use 
power levels down to 5 dB lower, or 

1, ' I 

as low as 150 watts at the antenna 
feedpoint! This explains why the "super 
stations" have been so successful; 
they have much greater gain than is re- 
quired for the minimum station and 
usually have very low feed line losses, 
with very low-noise receivers with the 
preamplifier mounted at the antenna 
feedpoint. Running the maximum legal 
power of 1500 watts, they've obviously 
overcome the inadequacies of smaller 
stations. 

Other EME tradeoffs are possible. 
Sometimes conditions are particularly 
favorable, especially if Faraday rotation 
cooperates, some scintillation en- 
hancement is present, the moon is 
near perigee, and the sky temperature 
is low. Furthermore, as mentioned in 
last month's column, "ground gain," 
though elusive, can sometimes result 
in several dB of enhancement. This is 
particularly important to stations that 
don't have antenna elevation control 
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(such as in a tropo setup) but want 
to try EME. Most of the super sta- 
tions will be glad to accommodate any 
schedule requests. 

E M E  antennas and antenna 
systems 

Since the antenna system is the 
main key to EME success, it should be 
discussed first. Many antenna types -- 
rhombics, collinears, parabolic dishes, 
and Yagi arrays - have been used 
successfully on 2-meter EME. 

W3GKP and W4AO used rhombic 
antennas in the early 1950s to hear the 
first successful Amateur EME echoes, 
which were on 144 MHz.' Stacked 
rhombics were later used by VK3ATN 
and then by VK5MC. For the type of 
gains required, rhombics must be very 
large, typically 40 to 50 wavelengths, 
or 275-350 feet on a side! A rhombic 
antenna is therefore practical only in 
a fixed configuration for horizon shots 
in a narrow EME window. Rhombics 
also have many sidelobes, so they 
can't be considered low-noise receiv- 
ing antennas. 

Collinears, both standard and ex- 
tended, were among the first really 
successful rotatable 2-meter EME an- 
tennas. They're not difficult to build or 
tune and usually have open wire phas- 
ing lines so losses are low and efficien- 
cy is high. Though collinears are large, 
some Amateurs were able to arrange 
them so they could be rotated not only 
in azimuth and elevation, but also 
in polarity; this option often makes 
the difference between success and 
failure. 

Parabolic dishes such as the 1000- 
foot diameter reflector at Arecibo, 
Puerto Rico, and the 150-footer at 
Stanford, California, were used several 
times for 2-meter EME in the 1960s. 
However, parabolic dish type antennas 
aren't too efficient (typically only 50 to 
55 percent), and really have to be at 
least 28 feet in diameter to be worth- 
while for 2-meter EME. Despite their 
shortcomings, dish type antennas re- 
quire only a simple feed system, 
they're usually low-noise on receive, 
loss to the receive preamplifier can be 
negligible, and they can be easily 

Table 2. This table shows some of the most common individual antennas presently 
used on 2-meter EME along with boomlength, number of elements, and estimated 
gain. The gains shown represent my best judgment and are based on tests and 
reported results at 144 MHz; they may vary f 0.25 dB. 

boomlength gain gain 
name and/or manufacturer in wavelengths no. elements dBd dBi 
WlJR short Yagi 1.73 8 11.35 13.5 
NBS Yagi 2.2 12 11.85 14.0 
Cushcraft 2148 Jr. Boomer Yagi 2.2 14 12.1 14.25 
Cushcraft DX-120 collinear na 20 12.5 14.65 
Tonna (F9FT) 201 16 Yagi 3.15 16 12.5 14.65 
KLM 13LBA Yagi 3.2 13 12.5 14.65 
CueDee Yagi 3.1 15 12.85 15.0 
NBS Ytigi 3.2 17 13.05 15.2 
Tonna (F9FT) 201 17 Yagi 3.15 17 13.15 15.3 
Cushcraft 3219 Boomer Yagi 3.2 19 13.2 15.35 
NBS Yagi 4.2 15 13.55 15.7 
KLM 16LBX Yagi 4.1 16 14.15 16.30 
Cushcraft 4218XL Yagi 4.2 18 14.3 16.45 
KLM 17LBX Yagi 4.7 17 14.5 16.65 
MZ Enterprizes (KGMYC) 2M-5WL 4.8 18 14.5 16.65 
28-foot dish na na 17.55 19.7 
32-foot dish na na 18.65 20.8 
40-foot dish na na 20.55 22.7 

adapted to polarity rotation. Moreover, 
they can usually be operated on higher 
frequency bands if the the feed system 
is changed. 

Nowadays, the Yagi is "king" on 
2-meter EME. Over the last ten years 
Amateurs have expended a great deal 
of effort towards improving Yagi gain 
and decreasing sidelobe levels. The 
result is vastly improved arrays with as 
many as 32 separate Yagis - with no 
end in sight! Furthermore, Yagis pack 
a lot of gain based on volume and form 
factor. No wonder back yard EME is 
now so popular. 

Table 2, which shows the gain of 
some of the most popular individual 
2-meter EME antenna designs, can be 
used as a guide to antenna selection. 
It's interesting to note that the major- 
ity of the popular commercial Yagis 
presently in use on 2-meter EME are 
based on either the NBS or DLGWU 
Yagi designs. The gains shown on this 
table have been either measured or cal- 
culated using some of the latest com- 
puter modeling techniques and repre- 
sent true gain. 

Because long Yagi designs may be 
expensive to build - given the high 
cost of materials - many antennas 
used on 2-meter EME are commercial 
types. Homebrewed Yagis are still very 

popular, however, despite the cost. 
Both the NBS and DL6WU designs are 
highly recommended; reference 8 dis- 
cusses the advantages and disadvan- 
tages of these and other Yagi designs. 

If you want to start small, consider 
the simple eight-element Yagi design 
on a 12-foot boom described in refer- 
ence 9. Four of these antennas stacked 
only 9 feet horizontally and 8 feet ver- 
tically will make an excellent compact, 
low-cost, back yard starter EME anten- 
na just shy of the minimum gain in 
table 1. The array can later be expand- 
ed to six or eight of these Yagis if 
greater gain is desired. 

stacking antennas 
Because no practical 20-dBi gain 

Yagi designs are presently available for 
2-meter EME (11 wavelengths, 70- to 
80-foot boomlength!), one usually has 
to resort to stacking smaller antennas. 
Table 3 shows the maximum gain pos- 
sible if Yagi antennas are stacked, 
based on zero phasing line losses. 
Note that system gain doesn't increase 
3 dB every time you double the num- 
ber of antennas, even with zero phas- 
ing line loss! To do so would incur 
large sidelobes, which would severely 
increase the noise temperature of the 
antenna, making reception very diffi- 
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three user lrrendly pans. Parl one In- 
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presses a key and Ihe character IS 
sen1 and displayed on Ihe screen Part 
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and Ihe sludenl 1s requlred lo press 
the correct key on the computer. It 
the s t~~den l  answers Incorrectly. the 
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ANTENNA SYSTEM 
Thls nltly antenna modellng and 
development program will help you get 
the mosl lrom your anlenna protects 
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Novice Enhancement opens up a 
whole new way for novices to com- 
municate. To make the most of it, talk 
to Larsen Electronics. 

We'll tell you how Larsen antennas 
can greatly improve your powers of 
communication. We'll also explain 
how Larsen 220 and 1296 MHz 
antennas are designed to give you 
the best performance. 
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today, and see if Larsen performance 
doesn't speak for itself. 
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Table 3. This table shows the typical 
stacking gain improvements for op- 
timally stacked Yagi antennas, ex- 
cluding any phasing line losses. 

configuration gain increase 
2 antennas 2.75 
4 Yagis 5.5 
6 Yagis 7.1 
8 Yagis 8.25 
12 Yagis 9.85 
16 Yagis 11.0 
24 Yagis 12.6 
32 Yagis 13.75 

cult - especially on weak signals. 
Phasing line losses will decrease anten- 
na performance accordingly. This is a 
big consideration when using four or 
more antennas. 

Note in particular the stacking of six 
Yagis with only a two-times increase 
in size over four antennas for about 
1.6-dB gain increase. This configura- 
tion is particularly recommended for 
Amateurs who just can't swing eight 
Yagis but need a little more antenna 
gain to stengthen their competitive 
edge. 

The six-Yagi configuration is best 
accomplished by stacking them three 
high and two wide.7 In the late 1970s, 
I built the power dividers and phasing 
lines for such a configuration and sent 
all the parts and information along with 
two extra antennas to Alaskan 2-meter 
EME station WAOLPK. Jim immediate- 
ly installed the "kit" and went from 
10-percent success on schedules to 
making contacts at random without 
schedules. While slightly more com- 
plex mechanically, this configuration 
has much to offer over going all the 
way to eight antennas with a three- 
times increase in size. 

Table 4 shows examples of the gain 
of some of the more popular 2-meter 
EME Yagi antennas in typical stacking 
configurations. Table 5 shows the es- 
timated gain of some of the super sta- 
tions. Many other configurations are 
available, but this should help. 

Stacking antennas and using pow- 
er splitter/combiners are discussed in 
detail in references 6 and 7, so that in- 
formation won't be repeated here. 
First determine the gain of your single 

Yagi antenna; then you can estimate 
the gain improvement when they're 
stacked according to the information 
contained in tables 3 through 5. 

Table 6 will help you determine the 
optimum spacing when stacking the 
antennas shown. Those not shown 
can be stacked using references 6 and 
7 if the individual Yagi beamwidths and 
sidelobes are known. Don't get too 
worried about spacing - it isn't that 
critical, but if you must err, do so on 
the short side. Even a 10-percent shor- 
tening will decrease gain by only 0.25 
dB and greatly decrease mechanical 
problems! 

Table 4. This table shows some typi- 
cal 2-meter EME arrays with estimat- 
ed gains. 

antenna and/or gain gain 
manufacturer in dBd in dBi 
4 WlJR 8-el Yagis 16.85 19.0 
4 Cushcraft 214B Jr. 
Boomers 17.60 19.75 
4 16-el F9FT 201 16 or 
KLM 13 LBA Yagis 18.00 20.15 
80-el Cushcraft 
collinear 18.00 20.15 
4 Cushcraft 3219 Yagis 18.70 20.85 
4 KLM 16LBX Yagis 19.65 21.80 
160-el Cushcraft 
collinear 20.75 22.90 
6 KLM 16LBX Yagis 21.25 23.40 
8 Cushcraft 3219 Yagis 21.45 23.60 
8 KLM 16LBX Yagis 22.40 24.55 

Table 5. This table shows the estimat- 
ed antenna gain of some of the 
2-meter EME "super stations." 

antenna and/or gain gain 
manufacturer in dBd in dBi 
KlWHS 24 Cushcraft 
2148 Yagis 24.7 26.85 
WA6MGZ 16 KLM 
16LBX Yagis 25.15 27.30 
WAlJXN 16 KLM 
17LBX Yagis 25.5 27.65 
YU3WV 24 12-el 
J-Slots 26.0 28.15 
KB8RQ 32 Cushcraft 
3219 Yagis 26.95 29.10 
W5UN 32 KLM 17LBX 
Yagis 28.25 30.40 

transmission and phasing 
lines 

Transmission line losses, even at 144 
MHz, can be significant. This is espe- 
cially true when long Yagis are used in 
large arrays where many phasing lines 
are required. Tradeoffs and different 
types of feed lines are discussed in de- 
tail in reference 10, so they won't be 
repeated here. Before you go too far 
in your antenna system plans, be sure 
to study the different types of trans- 
mission lines and learn how you can 
keep losses to a minimum. 

If you can keep it well sealed from 
water penetration, type 9913 coax is 
highly recommended, especially for 
the phasing lines between the individ- 
ual Yagis and the first power divider. 
Even RG 8 and 213-U coax types are 
usable in phasing lines if lengths are 
kept short. In this regard, the "back 
plane" c~nfiguration,~ where the first 
power divider is mounted in close 
proximity to the feedpoint in the in- 
dividual antennas, is particularly 
recommended . 

Fifty-ohm Heliaxm and hardline or 
Alumifoam@ are highly recommended, 
especially for the transmitter feed line 
(fig. 1). While they're expensive, they 
can often be found at flea markets for 
reasonable prices. Especially in large 
arrays, very low-loss transmission lines 
need be used only on the long runs 
from the individual power dividers to 
the central antenna feedpoint. 

Several 2-meter EMEers are using 
CATV hardline. (Ask super stations 
WAIJXN, KIWHS, and W5UN.I It's 
inexpensive and has very low loss, es- 
pecially below 300 MHz, where it's 
closely specified by suppliers. Al- 
though it has an impedance of 75 
ohms, it can easily be designed into 
the antenna system and later convert- 
ed back to 50 ohms with a simple 
quarter-wave section of 61 -ohm line. 

Heretofore, it's been common Ama- 
teur practice to make phasing lines 
multiples of a half wavelength. This 
theory was debunked in reference 7. 
Since then, some Amateurs have tried 
using the odd number of quarter- 
wavelength techniques recommended 
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limited-order now and avoid disappointment. 

OPQJOU $29.95 
Plebse enclose $3.50 shipping and handling 

ham radio-,-/J BOOKSTORE 
GREENVILLE, NH 03048 603-878-1441 



in reference 7 and have been quite 
pleased with the results. Lower side- 
lobes and higher gain were immediate- 
ly evident because of the improved 
Dower distribution. 

EME receivers and 
preamplifiers 

Table 1 shows that a 2-meter EME 
receiver should have maximum a noise 
figure of 1.5 dB and a maximum band- 
width of 50 Hz. Earlier in this column, 
I briefly mentioned a receiver sensitiv- 
ity of - 155.5 dBm. You're probably 
wondering how these parameters are 
related. 

Receiver sensitivity is primarily a 
function of noise figure and band- 
width. If the antenna noise tempera- 
ture is near room temperature (298 
degrees K),  the typical situation on 
2-meter EME, the receiver sensitivity 
can be calculated using the equation 
shown below: 
eqn. 3: 

Receiver sensitivity = - 174 dBm + 
NF + 10 log BW 

where receiver sensitivity is in dBm, 
NF is noise figure in dB, and BW is 
bandwidth in Hz. 

For example, if the receiver overall 
noise figure is 1.5 dB and the band- 
width is 50 Hz, the overall receiver sen- 
sitivity will be - 155.5 dBm ( - 174 
+ 1.5 + 10 log 50). But how do you 
get a bandwidth of 50 Hz as shown in 
table 1 when your i-f bandwidth is 500 
Hz? Use your ears! As the final link on 
the end of the receiver chain, the hu- 
man ear has a typical bandwidth of 
only 50 Hz." 

If you're still not convinced, you can 
use a narrow i-f bandwidth. I've seen 
i-f filters advertised that claim a band- 
width of 125 Hz, but I'd hate to have 
to tune in a signal with such a narrow 
bandwidth - not to mention the fre- 
quency stability requirements of such 
a receiver! 

If you don't have narrow i-f selec- 
tivity and you don't trust your ear, use 
an external audio filter. Some of the 
new solid-state active audio filters have 
variable bandwidth and frequency con- 

Table 6. This table shows the recommended stacking distance for some of the more 
popular 2-meter Yagi antennas per reference 6 with updates. 

Stacking in E 8 H plane Stacking in E 8 H plane 
antenna type in wavelength in inches 
WlJR short Yagi (ref. 9) 1.35 1.20 110 98 
NBS 2.2 wavelength Yagi 1.55 1.40 127 115 
Cushcraft 2148 Jr. Boomer 1.55 1.40 127 115 
Tonna (F9FT1 20176 Yagi 1.60 1.50 131 123 
KLM 7 3 ~ 8 ~  Yagi 1.80 1.55 147 127 
CueDee Yagi 1.70 1.40 139 115 
NBS 3.2 wavelength Yagi 1.80 1.35 147 111 
Tonna (F9FT) 20117 Yagi 1.55 1.40 127 115 
Cushcraft 3219 Boomer Yagi 1.80 1.35 147 111 
NBS 4.2 wavelength Yagi 1.95 1.75 160 144 
KLM 16LBX Yagi 2.00 1.75 164 144 
Cushcraft 4218XL Yagi 1.95 1.75 160 144 
M2 Enterprizes 2M-5WL Yagi 1.95 1.80 162 147 

trols which will easily go down to audio 
bandwidths of less than 25 Hz. 

The one major difference between 
a conventional VHFIUHF or hf receiv- 
er and an EME receiver lies in the ex- 
ternal preamplifier that's usually 
mounted at or very close to the anten- 
na feedpoint. This is almost always 
necessary for two reasons. The first is 
that the line loss to the shack is usual- 
ly over 0.5 dB, so the weak signal is 
further attenuated. The second is that 
there are no conventional receivers 
with 1- to 1.5-dB overall noise figures 
as required in table 1. 

First a word about preamplifiers. 
There are many options. Although I 
used only a U-310 JFET preamplifier 
(shack-mounted at that) to obtain my 
2-meter WAS Award, I now recom- 
mend the use of a GaAsFET preampli- 
fier mounted in a small enclosure as 
close to the antenna feedpoint as pos- 
sible. Many preamplifier circuits - as 
well as commercially manufactured 
units - are available. 

However, one mustn't get carried 
away with specifications. For instance, 
there's practically no justification for 
2-meter €ME preamplifier gains in ex- 
cess of 25 dB; even 20 dB may be 
overkill. Very often I see 144-MHz 
GaAsFET circuits using tuned output 
stages. When this is done below about 
1000 MHz, the circuit is almost always 
on the verge of oscillation. This can 
result in an input impedance off the 
Smith chart when a preamplifier is 

measured on a network analyzer. In- 
stability is also evident if a preamplifi- 
er oscillates when placed in the 
antenna system where the impedance 
is not constant at all frequencies! Fur- 
thermore, excessive preamplifier gain 
may cause your receiver to intermodu- 
late because of the presence of other 
Amateurs, fm repeaters, or even com- 
mercial fm and TV signals that often 
pass through the preamplifier. 

At 144 MHz, I prefer GaAsFET pre- 
amplifiers with tuned input tanks and 
untuned outputs such as those that 
use a 4: 1 broadband output transform- 
er. Some recommended GaAsFET pre- 
amplifier circuits are described in 
reference 12. If you have any doubt 
about preamblifier stability, measure 
the forward gain and reverse isolation 
with a very weak signal source. If the 
reverse isolation isn't at least 4 to 6 dB 
higher than the forward gain, the pre- 
amplifier is potentially unstable. 

If you use an external low-noise pre- 
amplifier as recommended above, and 
mount it at the antenna feedpoint, the 
loss and type of the transmission line 
between the preamplifier and the re- 
ceiver usually isn't critical, since the 
overall gain of the preamplifier is typi- 
cally 20 to 25 dB. Hence moderately 
lossy coax cable such as RG-8 or 
RG-231 I U  is perfectly acceptable (see 
fig. 1). 

Two-meter EME receivers offer 
many options. A decade ago most 
2-meter EMEers used a downconvert- 
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er or transverter followed by an hf 
receiver for the i-f. This setup has lots 
of system flexibility. 

When choosing an hf i-f for EME 
operation, look for a receiver that has 
good frequency stability, a slow tuning 
rate (25 or less kHz per turn), frequen- 

cy readout that has good resolution 
and accuracy, narrow bandwidth i-f 
options, an SSBICW product detec- 
tor, and an automatic noise blanker. 
An i-f bandwidth of 250 to 500 Hz is 
recommended, as discussed above. 
Some of the favorite EME i-f receivers 
of yesteryear were the old Collins 75A4 
and the Drake R4C with appropriate 
modifications. More recently, the Ken- 
wood TS 830 and TS 430 have be- 
come popular. 

Many multimode 2-meter transcei- 
vers are available. Until recently, the 
Yaesu FT-726R was a favorite because 
of its built-in narrow bandwidth CW 
filter. Other 2-meter transceivers now 
offer this option. You can use a trans- 
ceiver with a 2- to 3-kHz i-f bandwidth 
if your ears don't mind all the excess 
noise; better yet, follow the transceiver 
with an external audio filter as men- 
tioned previously. This is the setup at 
one of the 2-meter super stations! 

transmitters and power 
amplifiers 

If you have either a 2-meter trans- 
verter, upconverter, or one of the new 
multimode transceivers, you have the 
basic building block for a 2-meter EME 
exciter. Frequency stability is impor- 
tant. Remember that the station trying 
to work you may be listening in a 50- 
to 100-Hz bandwidth, so any chirp or 
drift on your part will significantly de- 
grade success. 

Probably the biggest choice lies in 
deciding how to generate power. If 
you build a marginal station and expect 
to work only the super stations, a typi- 
cal beginner's approach, a solid-state 
"brick" will probably be sufficient. 
Many circuits can be found in refer- 
ence 13; commercial solid-state ampli- 
fiers are also available. 

However, always build or buy one 
of the linear amplifier types. You may 
later use this amplifier as a driver for 

a high-power final. Class C or fm am- 
plifier types often exhibit erratic power 
output levels when their drive levels are 
varied. This could make output pow- 
er setting very difficult or damage a 
follow-up final amplifier. 

There are many choices of high- 
power amplifiers. Remember that even 
500 to 7'50 watts of output power is 
sufficien~t for operating 2-meter EME. 
There are still plenty of plumbers' 
delights or parallel tube finals around 
- especially those that use the vener- 
able 4CX250Bs. Often available quite 
inexpensively, especially from Ama- 
teurs who are upgrading to the new 
FCC 1500-watt output power levels, 
they'll easily generate as much as 1000 
watts of output if they're properly 
cooled. More information on these fi- 
nals is contained in references 14 and 
15. The 8874 and 3CX800A7 tubes 
have become popular, especially 
where single-tube amplifiers are pre- 
ferred. Other tubes such as the 7650, 
7213, and 4CX1000 are usable. Other 
finals are described in references 16 
and 17'. The most popular 2-meter 
EME final for generating the full legal 
limit is the W6PO power amplifier, 
which uses an 8877.17, l8 This amplifi- 
er has excellent stability, and is con- 
servatively rated and reasonably 
efficient (i.e., greater than 60 percent). 
Furthermore, individual components, 
parts kits, or even a completed ampli- 
fier using this circuit are now avail- 
able." Finally, several commercially 
manufactured tube type finals are now 
available for 2-meter operation. 

azimuth and elevation 
rotators 

Any detailed discussion of this sub- 
ject would require an entire article of 
its own. Some of the systems present- 
ly in use on 2-meter EME range from 
simple single Yagis on a tropo setup 
to cornplex arrays with exotic rotating 
systems occupying an entire acre of 
land.lg Most EMEers will simply use 
their own ingenuity, building a rotator 
according to the requirements of the 

'Gene Shea, KB7Q. 417 Staudaher Street, Boze 
man, Nlontana 59715. 

station and the materials most easily 
pressed into service. 

Reference 9 showed my simple back 
yardlportable array, resting on a small, 
ground-mounted 11 -foot tower for the 
base. A conventional Ham-1VI or equiv- 
alent rotator is used for azimuth con- 
trol. Elevation is set by a small boat 
winch mounted on the vertical mast 
just above a hinged plate that holds the 
horizontal boom. Elevation angles are 
measured with a hand-calibrated plate 
and lead weight attached to the main 
boom. This setup is simple and rela- 
tively inexpensive. 

Several large commercial rotators 
are now available with accuracies ap- 
proaching 1.0 degree. While separate 
selsyn indicators used to be common, 
auxiliary azimuth indicators that use a 
linear potentiometer are becoming 
quite popular now that low-cost digi- 
tal voltmeters are available. 

Some Europeans have cascaded 
two or more of the elevation rotators 
used for typical OSCAR antenna con- 
trol. For large antenna systems, the 
venerable "prop pitch" motor is still 
alive and well. Several years ago, 
many different EME rotator systems 
were described in Eimac's EME 
Notes. 20 

polarity rotation 
So far I've only touched on the sub- 

ject of polarity rotation. Circular pola- 
rization would greatly improve the 
Faraday rotation problem on 2-meter 
EME, but it's very difficult to  imple- 
ment on large Yagi arrays. As men- 
tioned before, circular polarization 
would reduce the signal levels from 
linearily polarized stations by up to 
3 dB. 

For these reasons, some Amateurs 
have devised polarity rotation schemes 
for collinears IVE7BQH) and Yagi ar- 
rays (K5GW), but describing them in 
detail would require discussion of 
mechanical considerations beyond the 
scope of this column. In this regard, 
the parabolic dish has much to offer 
despite its low efficiency and size. The 
rest of us will just have to trust our luck 
to the Faraday rotation present during 
our schedules! 
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GaAs FET PREAMPS 

WIREDITESTED Klts only 168. WII 1 1  

aTA451 loruhf. 
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Iron1 end 0 7uVsens~lovrty Kltonly $138,  u l t  $198. 

.R76 VHF FM RCVR lo, IOM. 6M. ZM. 220 ASahove. hut 
wlo AFC or he1 rc% Kots only $98 to $1 IR. 

aTD.2 DTMF DECODERICONTROLLER hi1 only 178. 
Full 16 dlglts. 5 lunctlons, toll call restrlctor, program. 
mable. Much more. Great lor selectlre calllng too! 

SAP-l  AUTOPATCH htI only $70. Reverse patch 6 phone 
llna remote control std. 

SAP-2 Slmplsr Autopatch. Use wtlh above 

Fwld programmshlc. I!mrrs. thr  worksL 
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ONLY $49 VHF 
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HAMTRONICS, INC. 
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my copy of the 40-page Harntronics catalog by return first 
class mall. I enclose $1 ($2 for overseas air mall). 
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THE MULTIPLE RECEIVER SOLUTION 
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(614)  261-8871 
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relays and control systems 
The simplicity or complexity of this 

part of the system is a matter of per- 
sonal choice. Figure 1 shows most of 
the components required for a com- 
plete minimum station. Rotator cables 
and the like are quite straightforward. 

The one area that deserves some 
special consideration is the antenna 
changeover and receiver protection re- 
lays. There are two major problems 
with these in EME operation. The first 
is the leakage or isolation of the main 
T/R relay. When running over 500 
watts of output power, the leakage 
across this relay when in transmit can 
be sufficient to burn out your receiver 
preamplifier unless the isolation is 
greater than 50 dB. Many of the TIR 
relays used by Amateurs offer margi- 
nal isolation at 144 MHz. Second, the 
switching time on the T/R relay is 
critical because if the high power is 
applied before the relay is fully trans- 
ferred, the preamplifier is again sub- 
jected to rf burnout levels. 

Most of these problems can be 
solved if you have a short built-in time 
delay before rf or high voltage is ap- 
plied to your final power amplifier. Ad- 
ditional isolation in the form of a 
second relay in series with the pream- 
plifier is also recommended. This relay 
can be a low-power type and prefer- 
ably will terminate the preamplifier 
input, with a 50-ohm load during trans- 
mit. If the length of the coax between 
the relays is 0.1 to 0.25 wavelength, it 
will increase i~olat ion.~ 

These features should be wired into 
the station control system, with a foot 
switch to further control the se- 
quences of events. Therefore, I recom- 
mend that you review the scheme and 
schematic of the recommended 
switching technique described in refer- 
ence 3. 

system checkout 
Before you try to fire up and listen 

for EME signals, it's best to make sure 
that your system is functioning proper- 
ly. If it's convenient, disconnect the 
preamplifier and test the antenna sys- 
tem for VSWR. If everything was 
properly installed, the VSWR should 

be well below 1.5:1. Then increase 
your power to confirm that there's no 
output power problem. 

Next, reconnect your preamplifier 
and receive system. Check your re- 
ceive system by pointing your anten- 
na towards different areas of the sky. 
The noise level should vary as you 
point to radio "hot spots." Aiming 
your antenna at the sun - the largest 
hot spot - should increase the noise 
output of your receiver by at least 6 to 
8 dB. 

After peaking your receiver on the 
sun, sight up the antennas and verify 
that the sun is reasonably close to 
boresite. Next point your antenna 
away from the sun and try to measure 
your first sidelobes, which should be 
detectable but many dB below the 
main beam. If the sidelobes are high 
or the antenna doesn't boresite well, 
check your phasing lines for possible 
phase inversions. 

Now try some echo testing. Send a 
letter or two and listen carefully for an 
echo. Remember that the returned sig- 
nal may be up to 500 Hz above or be- 
low the transmitted signal, depending 
on whether the moon is approaching 
or leaving you, as described in refer- 
ence 1. If you don't hear anything, 
don't be discouraged. Faraday may be 
unfavorable. Try again in 15 to 30 
minutes. 

Next listen for other EME signals. 
There's almost always activity on 
weekends and evenings whenever the 
moon is above the horizon at north 
declination. Tune between 144.000 
and 144.020 and see if you find any 
EME signals; this'is where most of the 
super stations congregate and where 
most random CQs take place. 

If you don't hear any signals, activ- 
ity may be low or Faraday rotation may 
be unfavorable. Wait a while and try 
again. Check the 144-MHz EME Direc- 
tory for someone you can contact lo- 
 ally.^' Better yet, set up a schedule 
with one of the active EME stations, 
who can usually be found on 14.345 
MHz on Saturdays and Sundays be- 
tween 17 and 1900 UTC on the 2-meter 
EME net usually MC'ed by Lionel, 
VE7BQH. 

scheduling 
This is a subject in itself which is 

again beyond the scope of this 
month's column. Many scheduling tips 
and recommendations can be found in 
references 1 and 22. Try to make 
schedules near perigee, when the 
moon is at northerly declinations away 
from the galactic plane, and when 
there are no local objects obstructing 
the antenna view. Perigees are always 
listed at the end of each month's 
column, and an EME calendar appears 
monthly in VHFIUHF and Above.* 
Unless there are no other possibilities, 
don't make schedules when the moon 
is in the galactic plane, at the new 
moon phase, or when the moon is at 
low elevation angles (except for 
horizon shots where there may be no 
other possibilities). 

When you run a schedule, it's best 
to follow the standard techniques and 
scheduling sequences that have be- 
come well established procedures. 
First, the scheduled frequency is your 
zero beat frequency. Since doppler is 
usually present, leave your transmit- 
ting frequency fixed and tune only 
your receiver until you find the desired 
station. 

Most schedules conducted on 2- 
meter EME are for either one-half or 
one hour's duration. Each station 
usually transmits and receives alter- 
nately for two minutes at a time. The 
easternmost station generally trans- 
mits during the first two-minute peri- 
od at the start of the hour. This is often 
referred to as "standard sequencing." 

For example, if a W2 station sched- 
ules a W6 station between 1900 and 
2000 UTC, the W2 station, as the east- 
ern station, would transmit from 1900 
to 1902 UTC and listen from 1902 to 
1904 UTC, and so forth. If, however, 
the schedule is from 1930 to 2030, the 
W6 station would transmit first from 
1930 to 1932, since sequencing is 
based on the hour, and with 2-minute 
sequencing, there are an odd number 
of periods in the first half of the hour. 

'Rusty Landes, KAOHPK, "VHFIUHF and Above 
Information Exchange," P.O. Box 270, W. Terre 
Haute, Indiana 47885. 
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The reporting system used on 2- 
meter EME is different from the one 
used on 432 MHz and above. "T" des- 
ignates detectable signals, "M" means 
letters or portions of calls, and "0" 
verifies that both call signs have been 
copied. Therefore, an exchange of an 
"0" report and appropriate "Rs" are 
required for a valid OSO. Never trans- 
mit an "0" report or an "R" until you 
have complete call sets and reports 
respectively, because the reporting se- 
quence can only go forward! 

Most 2-meter operators make up a 
standard schedule sheet with each 
2-minute time block designated. They 
then write in all information sent and 
received in the appropriate time 
blocks; this will help if there are deep 
fades or partial copy, Faraday rotation 
problems, or if authentication is re- 
quired later on. 

other tips 
Have someone in your area check 

your frequency to confirm that you're 
transmitting where you think you are. 
A secondary frequency standard such 
as the one described in reference 23 is 
recommended. Use the 2-meter EME 
net to make schedules or to see who's 
active, when they're active, and what 
frequency they're on. The 744-MHz 
EME Directorfl is a must if you want 
to know what other stations are active 
and what equipment they use. Pub- 
lished monthly, The 2-Meter EME 
Bulletin includes good tips and infor- 
mation about the activity of other 
2-meter EME stations.' 

summary 
So there you have it - all the neces- 

sary basic information needed to get 
you started on 2-meter EME. Let me 
know if I missed any necessary infor- 
mation. Some of the topics discussed 
had to  be dealt with only briefly, but 
the references cited or the EME nets 
are excellent sources for further details 
or clarification. As is often the case, 
i t  sometimes takes longer to explain a 

'Gene Shea. KB70. "2-Meter EME Bulletin." 417 
Staudaher Street. Boreman. Montana 59715. 
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particular item in print than to demon- 
strate it in a hands-on situation. 

If you have only a small antenna, 
consider listening for EME signals in 
the 144.000-144.020 MHz region, es- 
pecially during the EME contest on 
October 17-18 and November 14-15, 
1987. Even if you're not ready to get 
started in EME, try putting up a sim- 
ple antenna in your back yard and see 
what you can hear. Who knows - the 
bug might bite! See you on EME 
shortly! 

new records 
In Oregon on March 8, 1987 at 1950 

UTC, Tom Hill, WA3RMXl7 
(CN85PL1, and Lynn Hurd, WB7UNU 
(CN85NH) did it again by breaking 
their own North American DX record 
on 47.040 GHz. This time they extend- 
ed the distance to almost 14 miles, and 
again had a two-way QSO on SSB 
with good signal-to-noise ratios. Tom 
was running 3.5 milliwatts to a 28.5- 
inch dish, while Lynn was running just 
44 microwatts to  a 9.5-inch dish! 

Meanwhile, as predicted in last 
month's column, new EME records 
were being made. On April 12, 1987 at 
X?n I ITP I . ,,-C., \A lh ; t= lmr  \A/7PklK lfi 
"IUV V I b, L U C R y  ""III,"nrl, r r r  " l . 8 . r  r, 

Oklahoma City, Oklahoma (EM15FI). 
worked Keith Ericson, KOKE, who was 
operating portable in Denver, Colora- 
do (DM79NO), on 3456.1-MHz EME 
for a new worldwide EME DX record 
of 498 miles. Lucky was using a 
5-meter dish and 80 watts, while Keith 
borrowed the'use of a 10-meter satel- 
lite dish and was running only 12 watts 
of output power! Signals were copied 
easily off a speaker with a 2.5-kHz 
receiver bandwidth! 

Not content with this record, Lucky, 
W7CNKl5 (EM15FI1, converted his 
setup to 5760.1 MHz. Then he com- 
pleted the first Amateur two-way EME 
contact on that band on April 24, 
1987 at 1620 UTC with Rick Fogle, 
WASTNY, Grapevine, Texas (EMlPKV), 
for a 174-mile record. Lucky was run- 
ning 100 watts to his 5-meter dish and 
Rick was running only 25 watts to a 
10-foot W R O  dish. After the initial 
contact, Dave Hallidy, KD5R0, jump- 
ed in, using Rick's station to give 

TRANSMISSION LINE TRANSFORMERS 
A new ARRL Publication by Dr. Jerry Sevick, W2FMI 

COMING SOON! 
Despite the popularity of transmission line transformers in 

both commercial and amateur applications, little practical 
design information has been published concerning these 
devices. The lack of data was made abundantly clear to Jerry 
Sevick, W2FMI when he began designing matching trans- 
formers for the short vertical antennas that are the subject of 
his classic series of articles that appeared in QST. In order to 
fill in the gaps of available knowledge, Jerry decided to study 
the subject of transmission line transformers in depth and the 
results of his findings are contained in this new ARRL 
publication! 

Transm?ssion Line Transformers covers types of windings. 
core materials, fractional-ratio windings, efficiencies, multi- 
winding and series transformers, baluns, and limitations at 
high impedance levels. There is also a chapter on practical 
test equipment. This book is must reading for everyone 
interested in antenna and transmission line theory. Copyright 
1987, 128 pages $10 hardcover only. 

The American Radio Relay League, Inc 
225 Main St., Newington, CT 06111 

52 Slonewyck Drlve 
Belle Mead. New Jersey 08502 

I V A R S  - KCZPX 
MARA - SALES 

-La- - -- rn- --- - 
I I  E 

l O A M  - 3 P M  ORDERS 
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Call Sign 

Address 

City State 

Zip Phone 

Date 

Signature 

RADIO HANDBOOK= I . .  . .  
. > .  . .  

by Jonathan Mayo, KR3T 
' ' 

Packet radio is the fastest 
growing mode in 
Amateur operation today. 
No wonder - it combines 
the power of today's 
microcomputer with worldwide 
digital communications. New- 
comers will find this book to be full of helpful 
tips, tricks and information that will help get 
them on Packet as quickly as possible. Providing 
you first with packet basics, this book 
progresses through the inner workings and 
operational aspects of packet to a look at 
future technology still in developmental stages. 
Also includes: using bulletin boards, traffic 
handling on packet, modulation methods and 
networking principles, protocols (both AX.25 
and VADCG) and a thorough discussion of the 
various TNCs and accessories available. 
el1987 1st Edition 218 pages. 

OT-2722 Softbound $14.95 

Please enclose $3.50 shipping 8 handling 

ham 
radio,,~m BOOKSTORE 
GREENVILLE. NH 03048 603-878-1441 

I 
THE 

DIGIT, 
DIGITAL NOVICE E 

k. I -., , .- . t -, I;] 
by Jim Grubbs, K9EI L+ &I ,:. firL I 1 

LC$, n 
Now that novices have digital ,&-: f'4 
privileges, there are thousands -IJ 

of new Amateurs anxiously 
awaiting to get on-the-air. 
Who's going to answer their 
questions, however? Jim Grubbs' 
new book, The Digital Novice, is written with 
beqinner's needs in mind. Each of the popular 

THE 
Sl NOVrC 
~. 

digital modes is fully covered with a brief 
history and full description of how it works. 
Hardware and software are covered in clear, 
concise terms. The book finishes with a look 
toward the future. Four appendixes cover 
Morse, Baudot, AMTOR and ASCII Codes and 
has a glossary full of commonly used but 
misunderstood terms. Great for beginners and 
experts alike. 01987 1st edition 

JG-DN Softbound $9.95 
Please enclose S.50 to cover sh~pping and handling. 

ham s= 
radio-,- lltll. BOOKSTORE 
GREENVILLE. NH 03048 603-878-1441 
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W7CNKl5 his second 5760.1-MHz 
contact. 

Congratulations to Tom, Lynn, 
Lucky, Keith, Rick, and Dave. The 
spring of 1987 may go down in history 
as one of the greatest record-breaking 
periods in UHFISHF history. 

important VHFIUHF events 
September 5-6 

September 6 
September 10- 13 

September 12- 14 

September 19-20 

September 21 

October 3-4 

Ocrober 4 
October 9 

October 10- 11 

October 17- 18 

Ocrober 21 

October 30 

International Region 1 
VHF Contest, 2 meters 

only 
EME perigee 
Microwave Update 1987 
Conference, Estes Park, 
Colorado (contact WOPWI 
ARRL September VHF 

QSO Party 
ARRL 10-GHz Cumulative 

Contest, second weekend 
k2 weeks. Optimum time 
for  TE propagation 

International Region 1 
UHFlSHF Contest, 70 cm 
and u p  
EME Perigee 
Predicted peak o f  the 

Draconids meteor shower 

at 0900 UTC 
Mid-Atlantic States VHF 
Conference. Warminster. 

Pennsylvania (contact 

W A 2 0 M Y I  
ARRL EME Contest, first 

weekend 
Predicted peak of the Ori- 
onids meteor shower at 

0830 UTC 
EME Perigee 

references 
1. Joe Reisen. WIJR. "VHFIUHF World: Minimum 
Requirements for 2-Meter EME - Pan 1 ." ham radm. 
nugust. 1987. pagk 39. 
2. Joe Reisen, WIJR. "VHFIUHF World: 220-MHz 
EME Requirements," ham radio. September. 1984. 
page 45. 
3. Joe Reisen. WIJR. "Requirements and Recommen- 
dations for 70-cm EME." ham radio. June. 1982. page 
12. 
4. Merrin I. Skolnik. "Introduction to Radar Swtems." 
Chapter 2. McGraw Hill. 1962. 
5. Joe Reisen. W1JR. "VHFIUHF World: Determin- 
ing VHFIUHF Antenna Performance." ham radio. 
May. 1984. page 110. 
6. Joe Reiserl. WIJR. "VHFIUHF World: Stacking 
Antennas - Pan 1," ham radio, April. 1985, page 129. 
7. Joe Reisen, WIJR. "VHFIUHF World: Stacking 
Antennas - Pan 2." ham radio. May, 1985. page 95. 
8. Joe Reisen, WIJR. "VHFIUHF World: Yagi Facn 
and Fallacies.'' ham radio. May. 1986, page 103. 
9. Joe Reisen, WIJR. "VHFIUHF World: Optimized 
2- and &Meter Yagis." ham radio, May. 1981. page 92. 
10. Joe Reisen. WlJR. "VHFIUHF World: Transmis- 
sion Lines." ham radio, October, 1985, page 83. 
11. Dick Turrin. W21MU. "Simple Super Selectivity," 
OST. January, 1967. page 48. 

12. Joe Reisert. W l  JR. "VHFIUHF World: Low. Noise 
GaAsFET Technology." ham radio, December. 1985. 
page 99. 
13. Joe Reiserl, WIJR. "VHFIUHF World: Medium 
Power Amplifiers." ham radio, August. 1985, page 39. 
14. Joe Reisen, WlJR. "VHFIUHF World: High Power 
Amplifiers -- Pan 1." hamradio. January. 1985. page 
97. 
15. Joe Reisen. WlJR, "VHFIUHF World: High Power 
Amplifiers - Pan 2." ham radio. February. 1985. page 
38. 
16. The ARRL Handbook, ARRL, Newington. Connec- 
ticut. 1987. Available from ham radio's Bookstore. 
Greenville, New Hampshire 03M8. $17.95 Ipaper- 
boundl. $26.95 (hardboundl; add $3.50 for postage and 
handling. 
17. William I. Orr. W6SAI. Radio Handbook, available 
from ham rad~o's Bookstore, Greenville. New Hamp- 
shire 03048. for $26.95 plus $3.50 shipping and 
handling. 
18. Robert I. Sutherland. WGUOV. "High Performance 
144-MHz Power Amplifier," hamradio. August. 1971. 
page 22. 
19. "Shooting the Mooh" OST Icoverl. May. 1986. 
the W5UN EME array. 
20. Bob Sutherland. W6PO. "Ideas for EME Antenna 
Elevation Drives." Eimac Amateur Sewice Note No. 
AS-49-11. 
21. Lance Collister. WAIJXN. "The 144-MHz EME 
Directory." Eimac Amateur Service Note No. 
AS-49-37. Available upon request lenclose four first. 
classstampsl lrom Bill Orr, W6SAI. c /o Varian. Eimac 
Division. 301 Industrial Way. San Carlos. California 
94070. 
22. Joseph H. Reisert, W6FZJIl. "EME Scheduling. 
When and Where." OST. July. 1974. page 25. 
23. Joe Reisen, WIJR, "VHFIUHF World: VHFlUHF 
Frequency Calibrator." ham radio. October. 1984. page 
55. 
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ANNOUNCING 
THE 

DIGITAL VOICE KEYER 

short circuits 
spacing dimensions 

In fig. 2 of WlJR's April, 1987, 
column (page 741, the spacing dimen- 
sions listed for the fourth director, D4, 
of the 46-element loop Yagi do not 
agree with the drawing. The drawing 
is correct; the listing should be correct- 
ed to show the spacing for D4 as 
14.1721 ( T N X  K5DUT). 

In fig. 6, the length of the inductors 
is not shown because it is assumed 
that the specified enclosure will be 
used. If it is not used, the height of the 
inductor above ground should be 
about 1.5 inches. 

pin 16, not 10 

In fig. 6 of WIJR's June, 1987, 
column ( p a g e  75) ,  pin 10 on the left- 
hand side of U1 ( b e t w e e n  pins 12 and 
1 3 )  should have been labeled as pin 16 
( T N X  W5YHT). 

missing table 
Table 1, omitted from WlJR's 

VHFIUHF World column in the April 
issue ( p a g e  551, is shown below. 

Tab le  1. S o m e  cit izens-band t y p e  f m  t ran-  
sceivers a re  available in J a p a n  b u t  n o t  y e t  

in t h e  USA. 

C o m p a n y  P a n  No. Pr ice 

ICOM GTX N A 

Shinwa SC-905Gll N A  

Yaesu FYA903 N A  

Yaesu FYA905A approx. 
80,000 Yen 

220 Notes 
In table 5 of WlJR's July, 1987 

column ( p a g e  38). 220 Notes was in- 
dicated as being issued quarterly. This 
is incorrect; 220 Notes is published bi- 
monthly. To subscribe ($5 /year ) ,  con- 
tact Walt Altus, WDSGCR, 215 Villa 
Road, Streamwood, Illinois 60103. 

20-meter travelradio 
Planning to build K1 BQT's compact 

CW transceiver (June, 1987)?  Send an 
SASE ( w i t h  39 cents p o s t a g e )  to ham 
r a d i o ,  Greenville, NH 03048, for a com- 
plete list of corrections. 
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improving the WB3CEH 
programmable call sign 
identifier 
When Gene Colson, KL7YM. was 
constructing a new repeater for our 
mountain top site in Fairbanks, 
WB3CEH1s article describing his pro- 
grammable call sign identifier' caught 
my eye. The identifier appeared to be 
perfect for our needs. But when I be- 
gan ordering the parts, I couldn't find 
the MC14557 64-bit shift register IC 

specified, and neither KL7YM/R, 
WB3CEH (the author's call), nor 
KL7XO (my own call) would fit into 64 
bits. 

A search through catalogs revealed 
a substitute for the MC14557: the 
CD4031, also a 64-bit shift register. A 
phone call to Jameco* brought sever- 
al of them within a week. I cascaded 
two for a total of 128 bits and reversed 
the A and B inputs to reduce standby 
power consumption. 

+9v 

P +9V 
0 56 

PROGRAMMINlr  

Rf C l R C U L  l T E  
POX CLOCK 

1 / 4 -  4093 

0.015 

fig. 1. Modified WB3CEH programmable call sign identifier. 

I built the first one. It worked, with 
measured current consumption of 
0.0005 mA on standby, 0.17 mA run- 
ning without the buzzer, and 0.55 mA 
with the buzzer. Over two years later, 
it's still on the bench in my shack - 
with the original 9-volt battery. KL7YM 
built the production model, which is 
still in use on the repeater. 

The construction and programming 
instructions in the original article still 
apply. The schematic of the modified 
circuit is shown in fig. 1. 

Steve Estes, KL7XO 

reference 
1. Donald G. Varner, WBJCEH, "Programmable Call 
Sign Identifier," ham radio, February, 1985, page 33 

'Jarneco, 1355 Shoreway Road. Belmonr. California 
94002. 

carpet samples in the 
ham shack 
While shopping for new carpet sever- 
al years ago, I stumbled upon a pile of 
18 by 24-inch samples with nicely 
finished borders being sold for a dol- 
lar each. I bought several. 

What does this have to do with 
Amateur Radio? Well, one sits 
on my workbench to protect the sur- 
face from scratches and wear. 
It also protects radios from scratches 
and dings while I'm working on them. 
I selected a tightly woven, light-colored 
pattern for this so that small screws and 
parts wouldn't disappear. Another sam- 
ple ended up beneath my very large, 
heavy Qume Sprint 5 daisy-wheel 
printer, helping to silence its operation. 
Another found its home under a fairly 
large hf linear amp. 

When you have to move something 
heavy (like an overstuffed filing cabinet) 
across hardwood or linoleum floors, try 
sliding two or more of these carpet 
samples face-down under the object; 
it will then slide easily across the floor 
without scratching. 

Most carpet shops sell these samples 
quite reasonably. Pick up a few and see 
how many uses you can find for them! 

Peter Bertini, KlZJH 
ham radio 
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ARRL OPERATING MANUAL 
This book has been completely revised and up-dated' 
Over 600 pages are crammed full of the information 
every ham should have at their fingertips. In addition 
to message handling, emergency operatlng, repeaters 
and contesting, this book includes sections written 
by noted DX'ers W9KNI and WB4ZNH, a new sectlon 
on packet radio and over 60 pages in full color 
describing operating awards from around the world 
G) 1987 688 pages. 
I IAR-OG Sonbound $14.95 

TRANSMISSION LINE TRANSFORMERS 
by Jerry Sevick, W2FMI 
Contalns a complete explanation and discussion of 
transm~ss~on line transformers and how to use them. r, burlt In FI.,~,~~ clr.u.t 

Written by one of the experts In the field-th~s book operates on 5 V a l , . . . .  

is full of helpful lnformat~on lC 1987 1st Edltlon 
144 pages 

GREEN 11 .00  each 
1 1AKTLX C*TI LED-IG 10 for $ 9 . 5 0  

01- POLAR LED D 
THE BUYER'S GUIDE TO AMATEUR RED one directla,,.  

RADIO by Angus McKenzie, G30SS 
All currently available radios are reviewed. 
Thls new book from the RSGB IS an invaluable aid ~n 
evaluating wh~ch radlo best sults your personal oper- 
ating needs. Author McKenzie spent hundreds of hours 
testing and measuring each radio's operat~ng para- 
meters-over 10.000 measurements and 500 analyzer 
plots were made. Equipment was also subjected to many 
hours of on-the-air test~ng by hams throughoul the UK 
and around the world. There are more than 100 full equip- 
ment revlews and nearly 100 more products w ~ t h  brief 
reviews. I 1986 472 pages 
I IRS-BG Softbound $1 1.95 

TUNE I N  THE WORLD WITH HAM RA- 
DIO by ARRL staff 
NOW INCLUDES TWO C-90 CODE STUDY TAPES! 
Thls package has been revrsed to cover new digital 
& volce Novlce requirements and contalns THE 
goodies needed by the beg~nner to get started In 
Amateur Radio Assumlng that you have no prlor 
knowledge of radlo, the reader IS taught how to pass 
the Novlce exam, both code and theory. and how to 
set up a station. Unlque code study method makes 
learning the Morse code easy as 1-2-3 And it 's full 
of illustrations to help clarify.d~fficult technical 
points 160 pages ((-I 1987 7th edition 
I IAR-HA 

1987-88 ARRL REPEATER DIRECTORY hyboarnr  rontaln 

9 Fits in your sh~rt  pocket 3'/ar' x 5V4" 
Over 12,000 listlngs from 28 MHz to 10 GHz 
Latest info on all repeaters 
Now Includes diglpeaters 

Also Includes CTCSS (PL) tone chart. VHFIUHF and 
Repeater Advlsory committee addresses, special 
mode repeaters (packet and ATV) band plans. 
repeater operating practrces ARRL Frequency Co- 
ordinators, and Speclal Servlce Clubs to 600 ohm= L . f  

T.". antpnna rlthout dlscon- P.C. board rn"""!. 

I iAR-RO87 Softbound $4.00 nectlan. Opelairs On Channel 3'1. X 5 / 8 -  h 1.'4' 

MORSE CODE TRAINER (for the Apple 11) 
by Oavid Fahnesfock 
This new program turns your Apple II Into a com- 
plete 5-25 wpm code tralner You can configure the 
program to generate random code groups, transmlt 
letters from the keyboard In learnlng mode and out- 

'MULTI-BAND SLOPERS- 
ALSO: DIPOLES b LIMITED-SPACE ANTENNAS 

put to ellher the computer's speaker or to a cassette .IOY Odslmndln~.srl.rmanso rnulllbnnd BIG-SIGNAL 01 w ~ l ~ ~ . n t s n n a s  reparlrt Aulonalle IS WOII ~ . ~ ~ S W B I C ~ ~ ~ .  knownl 
 NOW^^. Y.JY 

tape recorder Elegant ~n ~ t s  slmpllclty and a great 10- SWR.CO*X t a d .  3 k -  PO-,. COmp.61. u LI ASSEMBLEO 

value to elther students or new hams looklng to Im- to vow speCI~Iad 9.nt.r tr.gwwe.chb.nd . EkvLfo ,n.lmlt . vary 

prove their code proficiency 1986 
IHR-MCT (Apple II) Introductory price $9.95 

ENGLISH SHORTWAVE BROADCASTS 
(MS-DOS) by Tom Sundstrom, W2X0 
Here's a new two dlsk MS-DOS program and 
database that provldes you wlth one of the most fl 142 
thorough llstings of Engl~sh shortwave broadcasts 

PERFORMING SIMPLE SERVICES WITH YOUR COMPUTER Unlver.al Transmalch 2 KW (4.1 Impedence) 17.00 
UnlverselTransmatch 1 KW (5.1.9'1,ar I I-sclcc~ons) 'lease enclose $3.50 shipping & handling FREE LIST OF 1 0 0  B E S T  SERVICES T O  OFFER 2,w,661 , O O , , w  l~llMleCtOne, 

16 00 
18.50 

ham radio BOOKSTORE WRITE: A. I. M. H. 0. F! 0. BOX 60369 
SAN DIEGO. CA. 92106 

Please send large SASE l o r  info 

GREENVILLE, NH 03048 603-878-1441 f l  200 
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The XP-706-US 1 

In the 
.......l..- 

1 

final 
- 

rpensi 

ThC unoque ~ l ~ . , ~ ~ ~ ~  01 thl. YI17111> ( IS  enlrnnn ~ Y \ I I . I ~  : I I C ~  you MONORANI) PEN 
I'tlKMAN('I'ts .I Mul!\l,.ln<l lx..lnl Thc,$nlt.nua I \ I \  \O l 'RAI 'S<%l  Ic,.~#l~ny0~11\lhnl 
rot, lv>wt.r o w  l0m11 Il;~ncl\v~clth 50nuln.r Anlc,nn.n\ to\<. ~ l t c .  k I  1.1. <arf.xr arrn r t l  Ihv 
elrmenlson A1.L hands. 

Ourcornrnilmcnl lo ow only the finer1 rnelrrialsinsurrs lhal your inveslmcnl wil l  last 
k,r years. Our syslern uws o Douhl? rectangular hmrn. CAST aluminum clrmcnl 
mounting hrackclr, a l l  sln~nlrvr hardware and a hqh power halun. 

.lonoh,nd pcrlnrm.tncr on e Afulrthond Ix,nrn ts years whrn you move up I,, Ccmltnvr 
~ h r  la51 heom you II hovr to l~ur  W r  Iwlmeve L~rnmrr 15 your I r .s l  antcmnn vnlttl. whrn 
vc,mpnrrcl I#, 11)~. c 1 ~ ~ ~ ~ l r ~ 8 r t s ~ , n  and ~ r ~ ~ l ~ ~ ~ # t $ n n t ~ .  01 <,,her mull8 and rn#,nnhaml nntrnna 

published by Bill Orr, W6SAI and Stu Cowan, WPLX 

BEAM ANTENNA HANDBOOK 
Completel rev~sed and updated wlth Me latest computer generated 1nfO~a. 
tlon on B&M Antenna des~gn Covers HF and VHF Yagls and 10. 18 and 24 
MHz WARC bands Everything you need to know 204 ~llustrahons 268 
pages 1985 Revlsed Is1 pdltlon 

RP-BA Saftbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Pr~mer on how lo-bu~ld s~mple low cost wlre antennas lncludes lnvlslble 
des~gns for apartment dwellers Full o l  dlagrarns and schemahcs 192 
pages 1972 2nd ed~t~on 

RP-WA WIbaund $9.95 

ALL ABOUT CUBICAL OUAD ANTENNAS 
Slmple lo bulld. Ihghlwe~ght, and hlgh performance make Me Quad at DX'erS 
del~ghl Everymlng lrom the slngle element to a mulh element monster A 
wealth of ~nformatlon on construchon. leedlng. tunlng and lnslalllng fhe 
quad antenna 112 pages 1982 3rd edltlon 

RP-CO Sollbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers verflcals. long wires, beams as well as 
plenty ol  ofher interesting designs. I1 lncludes an honest ludgement ol  gain 
figures. how to slte your antenna for the best performance, a look al Me 
Yagi-Quad controvers baluns slopers, and delta loops Practical antenna 
prolects that work! 1 h  pages. , ,1978 1st ed~t~on. 
I IRP-AH Sdlbound $9.95 I Please enclose $3 Y) for shipping and handling. s! . I 

I GREENVILLE NH 03048 (603) 878- 1441 ) 
\ 

84 fl September 1987 

Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other AMSAT Membership Benefits: 

Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

C o n S t ~ d i o n  of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
r /  110 



FOR ECAST 
Garth Stonehocker, K0RYW 

more sporadic E 
Before the Sporadic E (E,) propa- 
gation season - June through Sep- 
tember - is over, the results of some 
recent experiments are worth men- 
tioning. 

An ionosonde is a low-frequency, 
mf-hf radar that provides information 
about ionospheric layers by transmit- 
ting a signal vertically and measuring 
the duration of its round trip." Using 
an ionosonde located in Hawaii, re- 
searchers have been able to identify 
and measure E, cloud formation and 
movement, determining the east-west, 
north-south, and height changes of 
the signal's reflection point by means 
of doppler frequency shift data. 

At altitudes below approximately 72 
miles, there's a neutral particle "sand- 
wich"; its upper level moves in a west- 
erly direction, while its lower level 
travels in the opposite direction. Colli- 
sions between the particles in these 
layers and gyromagnetic interaction 
result in vertical ion movement from 
below and above the region. Very thin, 
intense, long-lived layers develop at 
the specific height at which the net ion 
vertical velocity is zero. 

These metallic ions are of meteoric 
origin; it is the variations in their con- 
tent that accounts for E, patch differ- 
ences, locations, and diurnal behavior. 
These differences - in turn manifest- 
ed by varying layer shape (gradient), 
thickness, and intensity - account for 
changes in the maximum frequency 
that can be reflected. 

For a clearer idea of the magnitude 
of these variations, consider this: over 
a period of only 20 minutes, the maxi- 
mum usable frequency changed from 
4 to 8 MHz in a patch that was only 
6 miles long. Such clouds, however, 
can cover areas as large as 36,000 
square miles (60 x 600 miles) and last 
up to 2 hours, resulting in long 10- or 
15-meter openings. 

last-minute forecast 
During the first week and the ten 

days of September, expect low values 
of flux, resulting in the lower frequen- 
cy bands being best. Nighttime open- 
ings will occur on these bands on the 
east-west and northern paths. If the 
geomagnetic field is disturbed on Sep- 
tember 1st through 4th and 24th 
through the 29th, expect lower signal 
strengths and QSB. The second and 
third weeks are expected to offer very 
good higher hf-band DX openings in 
southerly directions. Some of the 
openings may be the result of transe- 
quatorial propagation, particularly in 
the evening and during disturbed con- 
ditions. 

The moon will be full on September 
7th and at perigee on the 6th. The au- 
tumnal equinox will occur on the 23rd 
at 1345 UTC. No significant meteor 
showers are expected this month. 

band-by-band summary 
Six meters'may have a few E, open- 

ings around local noon, but don't 

count on them during this last month 
of the season. 

Ten, twelve, and fifteen meters 
should provide a few short-skip open- 
ings and many long-skip openings to 
most southern areas of the world, es- 
pecially if there is any solar flux in- 
crease during the daylight hours this 
month. Some of these openings will 
result from transequatorial propaga- 
tion, mainly during disturbed con- 
ditions. 

Twenty, thiity, and forty meters will 
support propagation from the eastern, 
western, and northern areas of the 
world during daytime and on into the 
evening hours almost every day. Dis- 
tances to 2000 miles via long-skip or 
some short-skip E, to 1000 miles per 
hop are usual. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX. 
The bands will be open in the east 
soon after sundown, swing toward the 
north and south about midnight, a r~d  
end in the Pacific areas during the hour 
or so before dawn. The time-and- 
frequency stations in England and 
Hawaii make good band monitors. On 
some nights these bands will be as 
good as they are during the winter WX 
season; on others, QRN may be a 
problem. Distances will be a little 
shorter than those mentioned above. 

- 

"Other analog ionosondes transmit signals obliquely 
and work in pairs; more advanced digital ionosondes 
generate phase and polarization information in addition 
to the standard amplitude data. - Ed. 
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The ital~c~zed numbers signify the bands to try dur~ng the transit~on and early mornlng hours. wh~le the standard type provides MUF dur~ng "normal" hours. 

' ~ o o k  at next higher band for possible opentngs. ham radio 
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by John Devoldere ON4UN 
Now Available! The new. 2nd edition of the definitive book 
on Low Band DX'lng. Based upon years of practical on-the- 
air experience, learn the secrets of how ON4UN has been so 
successful on the low bands. Extensive coverage is given to 
transmil and receive antennas with clear concise explan- 
ations and plenty of illustrations-dipole% inverted V's. 
slopers, phased arrays and Beverages-they're all in this 
book. Also covered: propagation. transmitters, receivers. 
operating, software and an extensive Low Band bibliography. 
Gotng to be a best seller! Get yours today. 1987 2nd 

SPECIAL OFFER Softbound $9.95 

LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN, for Apple Ilelc, MS- 
DOS, Commodore C-128 Apple Macintosh and 
Kaypro CPM Computers 
Here's a collection of 30 super programs written by ON4UN. 
Just about every Interest or need is covered-from antenna 
design and optimization to general operating programs. 
Antenna programs include: shunt and series input L network 

Book & Software Reg. $29.90 ($34.96 for Mac) design, feedline transformer, shunt network design. SWR 

Just $24.90 ($29.90 for Mac) calculation, plus 11 more! General Ham programs include: 
sunrise/sunset, great circle distances, grayline, vertical 

I UN-SO (specify computer) S24.90 antenna des~gn program. sunrise calendar plus 9 more! 
I UN-MSO Macintosh Special s29.90 Phew. When you srt down to use these programs you'll be 

Please enclose $3.50 shipping 8 handling amazed at what you have. The best value in computer soft- 
ware available today. 1986. 

,=, UN-Apple llelllc 
1- ! UN-MS (MS-DOS) 

I UN-CPMIKaypro 
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REVIEW 
Cushcraft 2-meter boomer 

In  1979 Cushcraft introduced its 2-meter 
" B o ~ m e r " ' ~  line of antennas, thus launching a 
new generation of long-boom, high-performance 
Yagis. A few years later, in response to a grow- 
ing need for a 2-meter Yagi with even higher gain 
and a cleaner radiation pattern, Cushcraft intro- 
duced its new 2-meter Boomer 4218 XL Yagi. 

This antenna is basically an enhanced NBS 
type Yagi. The trigon reflector, a "trademark" 
of the Boomer Antennas, improves the gain 
slightly but primarily enhances the front-to-back 
ratio. An extra director has been added between 
the driven element and the original first director 
for extra gain.' Cushcraft engineers found they 
could also improve gain and radiation pattern 
even more by moving the position of the origi- 
nal first director and extending all director lengths 
to compensate for errors in the original NBS 
designs. 

The "T" match and half-wave balun used are 
other Boomer trademarks. Cushcraft retains the 
UHF connectors, which are not waterproofed, 
but supplies silicon grease and vinyl connector 
boots to keep the balun and feed line connec~ 
tors relatively waterproof. I'd still prefer the use 
of type N connectors. 

This antenna is quite well designed. The cen- 
ter section of the boom is a healthy 1.5 inches 
in diameter. The remainder of the boom is ta- 
pered but still very strong. The rigid boom sup- 
port braces should prevent wind vibrations, and 
can be placed either above or below the main 
boom - a big advantage where stacking frames 
are used and you want to keep all vertical mast 
lengths to a minimum. 

The trigon assembly has been completely re- 
designed since the earlier Boomers to consider- 
ably decrease wind loading. In fact, thisantenna 
has a wind load that's only slightly higher than 
the original 2-meter 32-79 Boomer, which has 
over a 6-foot shorter boomlength. I'm sure the 
Boomer XL will withstand our New England 
winters. 

assembly 
It took about 2-1 12 hours to assemble the 4218 

XL. The directions, while brief, were adequate. 
All directors taper downward in length as clear- 
ly shown on the assembly instructions so ele- 
ment lengths can be easily verified. However, 
the rear boom section wasn't labeled, and, nat- 

urally. I assembled it backwards! However. when 
I tried to attach the trtgon reflector. I noticed my 
error and quickly reassembled this boom section. 

As with other Cushcraft products, all holes 
were precisely drilled and all the pieces fit togeth- 
er very nicely. All the hardware - even the "U" 
bolts - is stainless steel, a real plus. (There 
wasn't a spare piece of hardware, however. so 
don't lose anything during assembly!) Notice also 
that there are spare holes in the brace supports 
and trigon assembly that don't require hardware. 

Before you assemble the balun, I'd recom- 
mend that you first check the connectors to see 
if they're tightened into the connector bracket. 
All that's needed is to grasp the connectors care- 
fully on the back side of the plate with gas pipe 
pliers and turn them clockwise. Also solder the 
tips of the crimp type connectors used on the 
coax balun. Don't forget to apply the silicon 
grease provided, but only to the connector 
threads. 

After final assembly, check all dimensions 
carefully, especially the boom sections and ele- 
ment lengths as shown on the diagrams provid- 
ed. Next, mount the antenna on a 7- to 10-foot 
high mast or tower and test the VSWR using 
a 5- to 10-foot transmission line between the an. 
tenna and the VSWR meter. This test is highly 
recommended because it will often catch any as- 
sembly problems before the antenna is  mount^ 

ed in a hard-to-reach spot on the top of a tower. 
If desired, you can also take a few minutes to 
adjust the T-match strap position to minimize the 
VSWR at your favorite operating frequency. 

test results 
The 2-meter Boomer 4218 XL has a clean radi- 

ation pattern with high gain per unit boom- 
length.' From on-the-air tests I made, sup- 
plemented with computer analysis. a gain of 14.3 
dBd was measured. This is as high or higher than 
any of the competition's antennas. VSWR meas- 
ured at 144.2 MHz was less than 1.2:l as speci- 
fied, so I didn't even have to adjust the T-match! 
The measured VSWR was less than 1.5:1 from 
144 through 144.8 MHz. 

One final recommendation: during the man- 
ufacture of these antennas, an oily film appar- 
ently develops on the elements. This normally 
isn't a problem, but before it wears off, rain 
droplets may cling to the ends of the elements, 
thereby degrading the radiation pattern. So I'd 
recommend cleaning the ends of the elements 
with acetone or an equivalent solvent before 
assembly. 

If you use a single 2-meter Boomer 4218 XL 
Yagi, it will probably work best mounted clear 
of other antennas. If this isn't possible, try to 
mount it at least one-half wavelength or at least 
40 inches away from any other antennas on the 
same mast. 

These antennas will stack very well; four 
should make a great 2-meter EM€ array. Cush- 
craft recommends 13 112 feet in the E (horizon- 
tall plane and 12 1 12 feet in the H lverticall plane. 
From my stacking experience. I think that these 

ALUMINUM c r a n ~ ~ p  
Mmnl 7.140 

TEIESCOPIIO IC~~AM-UPI  (YI I 
Madsl ieun GUYED i f A ~  K UPI I u Crank-UDS to 100 ft. 1:- 

EXCELLENT FOR 
AMATEUR COMMUNICATIONS 

SPECIALIZED 
COMMUNICATIONS 
FOR TODAY'S RADIO AMATEUR! 

Since 1967, covering a l l  modes o f  
A m a t e u r  R a d i o  " s p e c i a l t y "  
communications: Fast Scan T V ,  S S P ,  
PAS, I'acket Radio. Cnmputcrs, RTTY,  
AhI'rOR, Satellites, TVRO,  hficrowave. 
1,ascrs and n~ore! I 0  iss~res per year. 
Rack issues availahle, SASE brings 
THSROC, C61, IRhl softuparc catalog. 
V.S. suhscrihers $20/year. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 
SPEC-COM Communications & 
Publishing Group 
P.O. Box H, 
Lowden, Iowa 

x- - 
52255 .x ' '~ ,  Addvil 
- 
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are very close t o  optimum.' If you do stack these 
Yagis, make sure not to flip them over or invert 
the feedlines. 

Priced at about $150.00, this antenna is defi- 
nitely recommended for the serious 2-meter 
operator. The boom is very long - almost 29 
feet, which is quite large by VHF standards, so 
it  isn't recommended for the fainthearted. How. 
ever, this is a necessary evil if high gain on a sin- 
gle boom is desired. The beamwidth of a single 
4218 XL is about 26 degrees, with the first side 
lobe down at least 16 dB. I'd strongly endorse 
this antenna for 2-meter tropo and EME 
operation. 

For information, contact Cushcraft Corpora- 
tion, 48 Perimeter Road, Manchester. New 
Hampshire 03108. 

- WlJR 
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NEMAL ELECTRONICS 
.Complete Cable Assembly facilities M I L ~ D - 4 5 2 0 8  
*Commercial Arcounts welcome- Quantity pr i r ing Same day shipping most orders 
*Fartory authorized distributor for Alpha, Amphenol, &Iden, Kings, Times Fiber 

Cal l  NEMAL  for computer cabk, CATV cahk, H a t  rahk,  semi-rigid cabk, telephone cabk, 
crimping tools, p-sub connectors, heat shrink, cahk  ties, high voltage c o n m a o n  

references 
1 Star?lcv Jatfm. W83BGU. ' ' A p p l ~ ~ l  Yegr AIIIBIIIIR D+X.IIIJII Part 
6;' ham roddo. OCIO~~I. 1984. page 83 
2. Joe Rclsprt. WIJR, "VHFJUHF World' Slaek8nq Anlennas 

Part I." Itan) rarim. Aprll. 1985. page 129 
3. Joe RPIVIII, WIJR. "VHF UHF Worl~l Y ~ C I I  Facts anrl F;nI 
Iac~cs." hanr radra. May, 1986. ~lagc 103 
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NEMAL  ELECTRONICS, INC. 12240 N E  14th Ave. N. Miami, I.2 33161 
(305) 8933924 Telex 6975377 W h r  FAX (305389541711 

220-MHz base station xcvr 
ICOM has introduced the first 220-MHz base 

station transceiver, the IC-375A. a deluxe all- 
mode radio that covers 216~230 MHz and has 99 
tunable full-function memories. passband lun- 
ing, a notch filter, a noise hlanker, a huill in SWR 
br~dge, semi- or full CW break-in, a multi- 
function meter. "velvet touch" tuning. and an 
easy-to-read amber LCD readout with variable 
backlight. Four scanning systems are ava~lable: 
band, programmable, plus mode and memory 
scan with selectable lock-out that scans 99 mem- 
ories in 5 seconds. All subaudible tones are built- 
in; the actual subaudible frequency is displayed. 
Standard repeater splits are built-in and odd splits 
are programmable. 

For details. contact ICOM America. Inc.. 2380 
116 Avenue N.E.. P O .  Box C-90029, Bellevue. 
Washington 98009-9029. 
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new high-powered VHF 
amplifiers 

The new HL-250V25 high-power VHF ampli- 
fier for 2 meters from Tokyo HY-Power Labs, 
Inc.. features a special combination of two sep- 
arate modules, each capable of delivering over 
125 Watts. It also provides an internal GaAs-FET 
preamplifier for pulling in weak signals. 

Priced at $459.95, the HL-250V25 requires 13.6 
Vdc at 38 Amps maximum for power output of 
250 Watts. For information. contact Encomm. 
Inc., 1506 Capital. Plano, Texas 75074. 

Circle 1303 on Reader Service Card. 

active audio CW filter 
The CW-1 Active Audio CW Filter is BEL- 

TEK's latest addition to its line of kits. The CW-1 
eliminates ORM for easier copying and easily 
connects between your transceiver and speak- 
er. The C W ~ l  has three selectable bandwidths 
190. 130, and 200 Hz). with a center frequency 
of 800 Hz. 

Priced at $19.95. the CW-l  measures2 1 3.4 
inches and can be powered by a 9-volt battery. 

For more information, contact BELTEK. P.C 
Box 125. Beloit, Wisconsin 5351 1. 

Circle f3W on Reader Service Card. 

repeater control board 
The latest additions to the Creative Control 

Products line are the SRC-10 smart repeater con 
trol board and the PI-1O!S link synthesizer board. 
The SRC-10 is a low-cost, low-power, se l f~con~ 
rained microprocessor-based repeater controller. 
All repeater functions have been incorporated 
onto a 4 Y 6-inch G-10 glass epoxy printed cir- 
cuit board with one interfacing connector for 
ease of installation and reliability. 

Priced at $149, the SRC-10 controller provides 
up to seven buffered auxiliary function control 
outputs selected remotely via a three-digit DTMF 
command. The SRC-10 controller responds with 
a Function Complete tone after each valid DTMF 
command. In addition to the Function Complete 
Tones are Auxiliary Function Tone Responses 
to indicate an ON or OFF condition. Courtesy 
Tone Responses are also available to indicate 

Iron Powder and Ferrite 

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

Small Orders Welcome 
Free 'Tech-Data' Flyer a- * AM'DR,N& Since J 

12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany EIeklron8rlaaen W8lhelm - Mell~es Slr 88 4930 Oclmola 18 rYerl Germany 
~n Japan TayMnura Elec!ron!cs Company, Lla 7 9 2 Chomc Sota-~anda Cn~yoda.Ku. Tokyo. Japan 
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PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 
SINGLE 8 DOUBLE SIDED 
PLATE THROUGH HOLES 
TEFLON AVAILABLE 
P.C. DESIGN SERVICES 

FOR MORE INFORMATION 

//r Midland 
Technologies 

34374 EAST FRONTAGE ROAD 
BOZEMAN. MT59715 (406) 586-1 190 
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DETECTION OYNAMICS 
4700 LOVOLA LANE, SUITE 119 
AUSTIN, TEXAS 76723 

r /  152 

MICROWAVE EQUIPMENT 

RMVO - 3.2: 2.2-3.2 GHz VCO . $45.00 

AMVO - 3.2M: 2.2-3.2 GHz VCO with 
MixerlDetector Diode . . . . . . . . $65.00 

1 1-1000 MHz Sweep Generator $175.00 I 
I 2-3 GHz Sweep Generator $150 00 1 

PRICES INCLUDE SHIPPING IN U.S. 
IF ORDER INCLUDES CHECK OR M.O. 

DELIVERY APPROX. 4 WEEKS A.R.O. 

ROENSCH MICROWAVE 
.R.R. 1. Box 1568 
BROOKFIELD. MISSOURI 64818 
PH: 816-963.2550 

repeater or link COS activity. There's also a lock 
command that's especially useful for dealing with 
jammers or hackers: when selected, the con- 
troller ignores all DTMF commands until the un- 
lock command is received. 

With the optional PI-1OiS synthesizer board 
($39). the frequency and offsets of the link radio 
may be programmed remotely. After the fre- 
quency and offset is sent in serial format from 
the controller, it is converted into parallel out- 
puts to interface with the link radio's frequency 
synthesizer. A readback command can be used 
to verify the link frequency. 

For details, cnntact Creative Control Products, 
3185 Bunting Avenue, Grand Junction, Colorado 
81504. 

Circle 1302 on Render Service Card. 

three new antennas 
MFJ Enterprises, Inc. has announced the re- 

lease of several new antennas. The MFJ-1710 
($9.95) is a 318-wave, 2-meter telescoping an- 
tenna with BNC. I t  comes with a convenient 
pocket clip and measures 5~314 inches collapsed 
and 24-1 i 2  inches fully extended. 

The MFJ-1712 (514.95) isa 114-wave20meter 
and 518-wave 440-MHz telescoping antenna with 
BNC. It measures 7-1 14 inches collapsed and 19 
inches fully extended. 

MFJ-1714 ($16.951 is a 112-wave 20-meter 
telescoping antenna with BNC. This unit is an 
end-fed, 112-wave dipole, which is shorter, light- 
er, has more gain and places less stress on the 
connector than a 518-wave mounted on a hand- 
held. When collapsed, it performs like a rubber 
duck. 

These MFJ products come with a double 
guarantee: order any product from MFJ. Try it. 
If you're not satisfied - for any reason - re- 
turn it within 30 days for a complete refund (less 
shippingl. MFJ products are also covered by a 
one-year unconditional warranty. so customers 
are assured of continued service. 

For more information, contact MFJ Enter- 
prises. Inc.. P.O. Box 494. Mississippi State, 
Mississippi 39762. 

Circle 1305 on Reader Service Card. 

hardware and software for 
Yaesu transceivers 

The HF-Link line of hardware and software 
products provides a unique approach to control- 
ling the Yaesu FT-980 and FT-757GX hf tran. 
sceivers. Designed to interface with the Atari 
8-bit family of microcomputers, the new prod- 
ucts allow control of these transceivers with a 
standard joystick and eliminate the need for 
typing operating commands. They provide an ac- 
curate, on-screen graphic depict~on of the tran- 
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I Measure Up With Coaxial Dynamics Model I 
sceiver's operational status; memory channel 
scanning at rates determined by the user; rapid 

83000A RF Peak Reading Wattmeter 
updating of station logs; unlimited disk storage Take a PEAK with Coaxial Dynamics "NEW Model 83000A, designed 
of log and memory channel data files; and per- to measure both FWDIRFL power in CW 
formance of other functions even when the oper- and FM systems simply and quickly. 
ator is absent. Then with a "FLIP" of a switch, 

For details, contact Wald-Easterday Associ- measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our ates, Inc., P.O. Box 16165. Columbus, Ohio 

43216. Model 83000A features a complete se- 
Circle r506 on Reader Sewice Card. lection of plug-in-elements plus a 2 

year warranty. This makes the 
Model 83000A an investment worth 
looking at. So go ahead, take a 

new antenna catalog "PEAK, you'll llke "WATT" you see! 
Contact us for your nearest autho- A new full-color, 12-page brochure shows 

Centurion International's complete line of anten- rized Coaxial Dynamics representa- 
nas tor portable radios, pagers, and cordless tel- tive or distributor in our world-wide 
ephones, as well as accessory adaptors and 

sales network. 

cable assemblies. Included is a connector iden- 
tification chart and list of radio models on which 
each style is used, making it easy to order the 
correct antenna. 

For a free copy, contact Centurion Internation- 
al, Inc., P.O. Box 82848, Lincoln, Nebraska 
68501. 15210 Industrial Parkway 

Cleveland, Ohio 44135 Circle 1307 on Reader Sewlce Card. 
216-267-2233 
1-6W-COAXIAL 
Telex 9&0830 

satellite receiver/ Service and Dependability.. . a Part of Every M u (  
descramblers See us a1 Dayhm Booth MOO-401 

The new 2500R integrated satellite N receiver r, 149 

and descrambler from General Instrument's 
Videocipher Division combines the features and 
benefits of a receiver and a descrambler in a sin- 
gle unit. With the 2500R. consumers can pur- 
chase authorization to receive the descrambled 
signals of nine premium television programmers 
currently scrambling their satellite broadcasts 
lanother 20 programmers intend to scramble 
their signals by the end of 1987). 

Priced at approximately $1250, the Video- 
Cipher 2WR, with wireless remote control, uses 
advanced circuitry that provides a threshold im- 
provement of up-to 2 dB over other receivers. 
reduces "sparklies," and provides crisper 
images. 
Other key features include two methods of 
parental supe~ision for controlling access to 
specific programming, a built-in terrestrial inter. 
ference filter optimized for use with the Video- 
Cipher II descrambler, programming for 24 
C-band and 32 Ku-band channels, and digital 
stereo audio. An optional antenna positioner 
power supply allows users to program up to 21 
satellites in memory and to program 10 channels 
on any satellite fo, instant recall by remote 
control. 

The Videocipher' II 2WR, a new lower-priced 
I510501 integrated unit comes standard with 
wireless remote control, two methods of parental 
program supervision for controlling access to 
selected programming. fully programmable an- 
tenna positioner, programming for 24 C-band 
and 32 Ku-band channels, and digital stereo 
audio. 

GEM QUAD PRODUCTS (1987) LTD. 
Chosen By Amateurs For Over 15 Years. 
Winnerof the Manitoba Design Institute 

Award of Excellence. 
Wil l  Accommodate New Bands From 

2 To 20 Meters. 2 Element $235.00 
GO' 3 Element $399.00 

4 Element $563.00 

Price i s  F.O.B. Boissevain. 

G\a*5 Includes U.S. Customs Duty. 

Ki t  Includes: Spider, Arms, Wire, Balun 
?\be' Kit  and Boom Where Needed 

Bolssevain, Manitoba, Canada R@K @El 
P.O. Box 291, Telephone (204) 534-6184 . 
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Conlacl us for all ol your amaleur radii 
needs FEATURING. 

ICOM. AEA. LARSEN. VAN GORDEN. 
VIBROPLEX. NYE-VIKING. FALCON 
COMM, LEADING EDGE. ARRL PUBLI- 
CATIONS. KACLO. HAMTRONICS. 
PROWRITER. ELEPHANT DISKS. 
DE-0. TRloNyx fl jw 

915 North Main Street C W A . , ~ U , ~  - 4 m 1  

Jarnestown, New York 14701 pH. (716)664-6345  



Crystal 
T Filters @ 

For most  Ham Rlgs from: 
KENWOOD YAESU HEATHKIT 

Also Drake R-4Cl7 Line, COLLINS 75S3-BIC 
and ICOM FL44A, FL52A. FL53A clones. 

Finest 8-pole Construction 
ALL POPULAR TYPES IN STOCK 

C W . S S B . A M  
ASK ABOUT OUR MONTHLY 

UNADVERTISED 
SPECIALS 

Phone for In fo rma t i on  or to Order.  

VISA/MC or COD accepted 
Why risk disappointment? Buy time- 
tested Fox-Tango Fllters to be =! 

Fa-TANGO GorpD 
Box 15944, W. Palm Bch, FL 33416 

Telephone: (305) 683-9587 
European Agent, INGOIMTEX. Post Fach 2449. 

08070 Ingolstadt, West Germany 

(YOU NAME IT.\ 
IWE'VE GOT IT!( 

At Consolldated Electron~cs Inc we carry over 10 000 I oar& and nroducts such as fuses semiconductors 

I batter~es-capac~tors resistors wire cables connectors 
antennas chem~cals speakers test equlpment solder 
Ing equlpment sly11 and cartridges vldeo heads 
tele~hone accessor~es and more Consol~dated I 

i Electronics IS an authorized d~str~butor for 
I J Actlon" I GE' I I J Arnoerex' LPS' 

Amphenol" 
Argos" 
Beckman rM 
B&K Prec~s~on 
Bogan' 
Burgess' 
CTS" 
Electro Volce' 
Fluke' 

I Kester. 
Mercer TM 

i M  I N~chohon' 
1 0 C Wh~te' 
I 1 0 K Tools' 
1 I Panav~se' 
I 1 Pedro' 

Phll~ps' 

I Plumb' 
1 SAMS TM 
L S~mpson' 

Tech Spray TM 
I I Thordarson' 
I Ungar' 
I VIZ TM 

Waber' 
I ' Wahl' 
L Welter' 
I I Xcellte' I 

I All part orders shipped in 24 hours. 
2 Year warranty on all parts. 

Call toll free today. I 

For further information, contact General In- 
strument, Vicleocipher Division, 6262 Rusk Road, 
San Diego, California 92121. 

Circle 1309 on Reader Service Card. 

circuit analysis program 
for the C-64 

The new ALADYN-64 interactive circuit analy- 
sis program from lnterceptor Electronics allows 
users to design linear ladder networks, common- 
ly found in rf amplifiers and filters, on the Com- 
modore 64 computer. 

Formatted to simulate a vector network ana- 
lyzer, the program permits the designer to select 
the frequency range over which the circuit will 
be tested. Output is in the form of S parameters 
on either a rectangular grid or Smith chart. 

A disk drive is required; a printer is optional. 
The program, priced at $59.95 (postpaid) is writ- 
ten in BASIC and compiled for increased speed 
of operation. 

For further ~nformation, contact lnterceptor 
Electronics, Route 1, Box 439, Round Hill, Vir- 
ginia 22141. 

Circle 1308 on Reader Service Card. 

communications software 
packages 

Kalt & Associates offers packet radio and 
multi-mode traffic handlers and other users 

I CONSOLIMTED I several software packages for IBM and IBM- 
compatible PCs. Their Digipac II, for example, 

E L E C T R O N I C S  includes such exclus~ve features as full-screen 
705 Wafervitel Ave Oaylon Oh80 45420 2599 

Tel (613\252 5662 Telex 288 229 FAX 513 252 4066 editinq (s~lit-screen mode), full NTS traffic - .  
macro system, an alert alarm system with vis- 

fl 155 ual/audible/printer and disk control modes, 
"make-your-own" pop-up help screens, multi- 
sound alarms, "format-your-own" t imeldatel 

AMATEUR RADIO MAIL LISTS 
Self-stick 1x3 labels 

*** NEWLY LICENCED HAM$*:* 
*** ALL NEW UPGRADES 
*** UPDATED EACH WEEK *** 

Total List = 462,728 (ZIP sorted) 
Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral Vlr lnia 23117 

705:89%5777 

operator stamp, and user-defined function keys. 
Also available are full message forms, a pop-up 
help system, split screen, ASCllIbinary file trans- 
fers, macro keys, macro files, DOS shell, charac- 
ter and line buffer mode, auto line-feed, disk 
logging, and other features. Scrolling function 
keys eliminate all the confusing ALTicommands 
common to other programs. Digipac II is priced 
at $49.95 plus $3.00 postage ($8.00 foreign). 

The Message Form system is available inde- 
pendently for users who already have other com- 
munications software; it's priced at $29.95, with 

r /  156 the same shipping rates. 

For information, contact Kalt and Associates, 
2440 E. Tudor Road, Suite 138, Anchorage, 
Alaska 99507. 

Circle #311 on Reader Service Card. 

ATV transmitter 
The TX70-1 1-watt, 70-crn (420 to 450 MHz) 

ATV transmitter is a small (6 x 5.2 x 2.5-inch) 
unit designed to enable Technician or higher- 
class Amateurs to transmit live-action color or 
black and white composite video and audio from 
cameras, VCRs, or computers to other hams. 
The TX70-1 is a companion to the TVC-4G re- 
ceiving downconverter. 

The TX70-1 contains the improved KPA5-c 
transmitter board, which added a video moni- 
tor output of the actual modulated rf. Priced at 
$229 for single frequency, (a second crystal is 
available for $15), the unit has provisions for 
switching between two frequencies (the most 
popular frequencies are 426.25, 434.0 and 
439.25). A switch is also provided to select video 
and audio input from either the 10-pin VHS-type 
home color cameras, or phono jacks for other 
cameras, VCRs, computers, or any composite 
video and line level audio source. A mic jack and 
"push-to-look" jack is available for low-impe- 
dance dynamic microphones and transmitire- 
ceive switching. The external power requirement 
is 12 to 14 Vdc at 500 mA plus whatever the con- 
nected 12-volt camera draws. The antenna con- 
nector is a type N, and a BNC outputs to the 
receiving downconverter from the built-in rf TIR 
relay. 

The shielded cabinet of the TX70-1 is small 
enough to  be carried in a knapsack for portable 
operation. Theoretical snow-free, line-of-sight 
DX using the 1 -watt TX-70-1, TVC-4G downcon- 
verter and six-element KLM 440-6X beams is 5 
miles. For greater DX with mobile or base 
applications, the output power and the sync 
stretcher in the video modulator of the TX70-1 
matches the 50-watt Mirage D24N amplifiers' lin- 
ear input vs. output range. 

Licensed Amateurs can contact P.C. Electron- 
ics, 2522 Paxson Lane, Arcadia, California 91006, 
for more information and a complete catalog of 
this and other ATV products for the 70, 33, and 
23 cm bands. 

Circle #310 on Reader Service Card 

Sub Problem? 

Contact Sue. She'll 

fix it for you! 

(603) 8 78- 144 1 

Ham Radio 
Greenviile, N. H. 03048 

- 
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Summon Some 

EGE VIRGINIA 

HF Tran!,crlver 
with Antenna Tuner 

'Order 6 we 11 c ra ! l  you $1 lor Ihe call 
2m1440 MHz Dual Band HT 

Terms: vo personal cnecxs acceolea 

?our ne.1 purchase CCf SuDDOrlS Ihe 
manurarra,rers warraoaes Io pel a 

of a warraory pnor lo purcnase 
rail customer servrce a1 7036031063 
ma rr wrl' oe lvrotsnea ar oo cost 

General Cover,lcj~ Recelver 

FT 757GX Mark II 
HF Trarisce~ver w ~ t h  

General Coverage Receiver 

Mini  7111 Haridheld 

' Cushcr,~lt. Butternul. KLM 
Mosley. Hy-Galn. Mlnl-  

I Antennas in Stock T R I . ~ ~  
' lor Moblles. Base Stations. 

and Handhelds 

A m p  Supply. Amer~lron. MFJ 

Radar Detectors 

I. --" 
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flea @ market 
RATES Noncommercial ads 1 0 0  per word; 

commercial ads 600 per word both payable 
in advance. No cash discounts or agency com- 
missions a l lowed.  

HAMFESTS Sponsored by non-profi t  or- 
ganizations receive one free Flea M a r k e t  ad 
(subject to our edit ing) on a space available 
basis only.  R e p e a t  insertions o f  hamfest ads 
pay the n o n - c o m m e r c i a l  ra te .  

COPY No special l a y o u t  o r  a r r a n g e m e n t s  

available. Material should be typewritten or 
clearly printed (not all capitals)  and must in- 
clude ful l  name and a d d r e s s .  We reserve the 
right t o  reject unsuitable copy. Ham Radlo can- 
n o t  check each advertiser and t h u s  c a n n o t  be 
held responsible for claims made. Liability for 
correctness o f  material limited to corrected  ad 
in n e x t  available issue. 

DEADLINE 1 5 t h  of second p r e c e d i n g  

month. 
SEND MATERIAL TO: Flea M a r k e t ,  Ham 

R a d i o ,  Greenville, N. H. 03048. 

SMART BATTERY CHARGER for gel1 cells or lead ac~d bat 
terles. by Warren D~on, WIBBH. See June '87 QST Magaz~ne 
for circu~t detaJs. Complete kit, noth~ng else to buy. only $49 95 
plus $3.50 s/h Order #I50 KIT. A Et A ENGINEERING. 2521 
W. LaPalma. Unlt K, Anaheim, CA 92801. 17141 952~2114. 

- 
WANTED: WW2 Transce~ver BC 654 (SCR 2841 and PE-103 
dynamotor Also 1947148 issues of Rad~o Craft and Rad~o & TV 
News magazines. E. Blrcher. 108 Troy Drtve. Sl8dell. LA 70461 
15401 649 7425 

FULL NTS TRAFFIC MESSAGE FORMS FOR PACKET OR 
RTTY on vour IBM PC. MESSAGE-PAC works with anv com- . - 

much c;lI#ons ploqr,lnr to glue VOII f ~ d l  Mf:ssayr. Forrtis and for 
nlatten >$.rq,l m;lcro comrr~ancl f 1M.s. r*Yioy to rransnllt rhls 0s 
the one y >-'\rr nee!) &;llt~r>g fur Wllh . l iCr defoned Poll Up He p 
b Selection System that no one else offers. Can Pre~Load fornis 
from d~sk Only $29 95. DEMO DISK for $2.00. Wr~te for infor 
mation Kalt and Assoc~ates, 2440 E. Tudor Rd. Su~te 138. An- 
chorage, AK 99507 907-248-0133 Charge Cards accepted. 

CHARGE 
YOUR CLASSIFIED ADS 

to your 
@ MC or VISA i L  

write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1 441 

ELITE t CODE PROGRAMS. Apple II + Ic Ie lGS C 641128. 
37 modes. Graphm. wardprocessor, m u s ,  lessons, speed 
techniques, drill, practice, print, teach. vnew modes: t100 WPM. 
variable sound, rha~acter, word spacing, and more. $49.95 
ChecklMO COD'S add $2. Other verslons 1814.95 $44 951. 
$3.50 demo disk (Ilves $2 off next purchase. Write: LARESCO. 
POB 2018. 1200 Hlng Road, Calument City, IL 60909 
1-312.891~3279 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area James Long. Ph.D N6YB 14081 733-8329. 

- 
TEST EQUIPMENT WANTED. Don't wait - we'll pay cash 
for LATE MODEL HP. Tek. etc. Call Glenn. N7EPK. at Skagitron- 
~ c s  Co. I8001 356-TnON. 

"HAMLOG" COMPUTER PROGRAMS. 17 modules auto logs. 
sorts 7 band WASIDXCC Full features Apple $19 95. IBM or 
CP/M $24 95 KAIAWH. POB 2015. Peabody. MA 01960 

- -- 
RV OPERATORS itre ~nvlted to check In Sun 2 PMC. 14.240 
k5. Tues, Thurs 8 PMC 3.880 f 5. Good Sam RV Net. lnfo 

SASE KJ4RO 
-~ 7-  

CHASSIS, CABINET KITS. SASE K3IWK. 5120 Harmony 
Grove Road. Dover, PA 17315. 

TELEVISION SETS maoe before 1946. early TV parts. lotera- 
turr wanted for \ ro. tantla cash Esprc#al,V lntcrestrd n nilrrur 
ln tnv 10" ancl \rllrlr#lng dnsc t v ' s  Fnnclet's fee paad Icrr I...Ias 
Arrtolct Cn;~se, 9 H A  ,l?le~gh Roao. Wrs l  Harlfora Colw 0611 1 
1203 521 5280 

ENGINEERS request free catalog of Electrori~cs Software. Clr- 
cult analysis. fllter 11ttslgn. graph~cs, etc. BV Englneerlng. 2200 
Business Wav. Suit? 207. Riverside. CA 92501 17141 781 -0252 

- 

REMEMBER TROLLEY CARS? Trolley Treasures. The War 
time Years ,n New Jersey 11939-19471, a 4-volunie photo- 
documentary hlsiury. includes 1600 unpublished. orlglnal 
photographs plus extensive historical notes. Volume I. The Com- 
promise Roof Cars of Publ~c Servrce Coord~nared Transport. 
ready trow. SASE for details. To order, contact Trolley Themes. 
A.W. Mankoff. 2231-3 Woodside Lane, Sacramento, CA 95825. 
($14 95 plus $1 50 SbHI. 

$$$SSSUPER SAVINGS on electron~c pans, components, sup 
plies and computer accessories. Free 40~page catalog for SASE. 
Get on our mailing Ihst. BCD ELECTRO. PO Box 8301 19. Richard- 
son. TX 75083 or call (2141 690-1102. 

RTTY JOURNAL-Now in our 35th year John the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL. $10.00. foreign $15.00. Send to: RTTY JOUR- 
NAL. 9085 La Caslta Ave., Founta~n Valley, CA 92708 

IMRA 1nternatlon;il Misston Radio Association helps mission- 
aries. Equiprncl~t loaned Weekday net. 14.280 MHz, 1-3 PM 
Eastern. Nine hundred Amateurs in 40 countries. Rev. Thomas 
Sable. S.J.. Urilv8:rsity of Scranton. Scranton. PA 18510. 

DIGITAL AUTOMATIC DISPLAYS for FT~lOl's. TS-520's 
IDG-5 clonel. Coll~ns. Drake. Swan. Heath and all others SIX 
112" d ~ g ~ t s  5" w~de  by 1.114" h ~ g h  metal cabinet Reads re 
ceive and transmlt frequencies. Send $2.00 for information and 
receive a $30.W drscount. Includes accuracy comparison of the 
simple "BCD" leadouts, found in new rad~os, agatnst our "Cal- 
culatlng Frequency Counter" readouts. Please be specific. 
GRAND SYSlEMS. POB 2171. Blame, Washington 98230. 

- 

WANTED -Mariuals and Cables for type RBM-3 Rcvr, June 1942 
and CCT 20086 puwer unit. D. Palmer, WGPHF, 638 Benvenue 
Avenue, Los Altcis. CA 94022. 

BACK ISSUES HR Magazine from Vol. 1 No 1 thru 1986. e x ~  
cept 2 issues. $l!50 for all postpaid Also PopTronlcs. RE. 73 
back to 1961. $15 00lfull year Write with your needs. Bill Foss~ 
man, 632 Wetmore, Everett. WA 98201 

COMMODORE REPAIR. We are the largest and oldest servlce 
center I r ,  the coLlntry. leg. CW repa~r-$39.95) 72 hour turn 
around. Call toll Free 1-800-642-7634 louts~de NYI 914-356-3131 
Kasara M~crosystems. Inc.. 33 Murray H~l l  Dr~ve. Spring Valley. 
NY 10977 

COMMODORE CUSTOM CHIPS for C641128 Computer1 
Peripherals ar lclw prtces. 24 hour delivery #6510~$9.55. 
#6526-$9.95. #6.167~$14.75. (6581 $12.85. PLA-$10.95. 901 
ROMS at $10 95 each, C128 RDMS~S39.95 lset of 31 and many 
others ..." THE COMMOOORE DIAGNOSTICIAN" A complete 
diagnost~c reft:rer>c:e chart for fix~ng Commodore computers. etc. 
An absolute niust for those who want to fix their own computers 
and save money .~nd  down tlme. $6.95 plus postage ... HD Power 
Supply for CM-$27.95. .Send for complete! ch~pslparts catalog 
Kasara M~crosystams. Inc , 33 Murray Hill Dr~ve, Spring Valley, 
NY 10977 800-248-2983 loutside NYI or 914-356-3131 

-- -- 

MARCO: Med!c.rl Amateur Radno Council. Ltd, operates dally 
and Sunday rtets Medically ortented Amateurs Iphys~c~ans, den 
tists, veterlnatians, nurses, phvsiotherap~sts, lab technstans, etcl 
Invited to joln Presently over 550 members For ~r>format>on wrote 
MARCO, Box 73's. Acme. PA 15610. 

TUBES FOR SALE. New and used, old and current, 25 cents 
and up. Send Ilst for quote Ted Youngman. 2225 Vigo Street. 
Lake Satatfon. IN 46405 

- - -  - 

HAM LICENSES SUPEREASY. Cut exam preps 50 percent. 
All classes. Free catalog. SASE. Bahr. 2459-H5 Temple, Palm. 
bay, FL 32905 

XEROX BOO Electronic Typing System technical lnformat~on or 
schematics needed. TerryThompson, Box 935. Dan* FL 
33004-0935 13051 92061909. 

HOMEBREW PROJECTS LISTS. SASE. WB2EUF. Box 708, 
East Hampton. NY 11937 

- -  - 
RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G L. Pierce, 5521 Birkdale Way. San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Recelv~ng, transmfnmg, microwave.. ,111 
types ara~lable ~ a r g e  stocfi hex1 day del.very, most caws 
DAILY ELECTROFvlCS, PO Box 5029. Com~ton.  CA 90224 
12131 774 1255 

~- 
CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors Five patch mlnlmum Free sample, prlces and order~ng 
informat~on HElN SPECIALTIES. Inc.. Dept 301.4202 N Drake. 
Chicago. IL 60618. 

- - 
RECONDITIONED TEST EOUIPMENT $1 25 for catak~g. 
Walter. 2697 Nickel. San Pablo, CA 94806. 

SATELLITE DISTRIBUTOR offers lowest prices on Wlnegdrd 
10 ft. UPS shippable antennas, KU-LNB's 70 MHz Down Con- 
verters, and new IQ 160 boards Best deals on MSE LNA's and 
LNB's, Starcast receivers. and actuators for Arunta and 10~160. 
Master Card 6 Visa accepted. E.S.M.. Inc.. 1-800-457-0060 or 
314-343-7745. 

COMING EVENTS 
Activities - "Places to go . . ." 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE IN0  CATE II\ YOUR AhNOUFvCE 
MEhTS WHkTHtR OR NOT YOLR HAMFEST -0CATION 
CLASSES, EXAMS. MEETINGS, FLEA MARKETS. ETC, ARE 
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BROTHERISISTER 
HAMS WITH LIMITED PHYSICAL ABILITY 

CONNECTICUT: November 15 SCARA Indoor Ham Rad~o and 
Computer Flea Market, N. Haven Park and Recreation Celller 
7 Linsley St. N Haven. Sellers adm~tted at 7 AM: buyers fronl 
9 AM to 3 PM6 Tablesare $10 in advance, 515at the door. Gf:ner 
al admiss~on $2 per person. Talkin on 146.61 MHz Reserval~i~ns 
for tables must be prepa~d by November 4. 1987 and no rcser- 
vation by phone. For information or reservations SASt to: 
SCARA, POB 81. N. Haven. CT 06473 or call Brad at 12031 
265 6478 between 7 PM and 10 PM. 

1987 "BLOSSOMLAND BLAST" Sunday. September 20, 
1987. Write "BLAST" PO Box 175, St. Joseph. MI 49085. 

- - 

OHIO: September 27. The Cleveland Hamfest Associat~on's an- 
nual Hamfest and Computer Show, Cuyahoga County Fall- 
grounds. Berea. Doors open 8 AM to 4 PM. Early setup 6 AM. 
VE exams 9 AM. Tech forums and "on ham actlvit6es all day 
Talk in on 146.52. Admission $3.50 advance; $4.00 at the gate. 
Inside tables $10. Outside flea market $4 00. Saturday night bar)- 
quet. For more lnformation write C.H A,. POB 81252. Clnve~ 
land. OH 44181~0252. 

- - 

ILLINOIS: September 12. The Northern lllino~s DX Assoc~at~on 
~nvltes all Amateurs to attend the 35th annual W9DXCC DX  con^ 
vention. Holiday Inn. 1250 Roosewell Road, Glen 
Ellyn. For lnformatlon and reglstratlon: Howle Huntirlglon, 
K9KM. 65 South Burr Oak Drive. Lake Zurich. IL 60047 

-- - 
NEW JERSEY: September 20. The South Jersey Rad~o Asaoc~~ 
ation, the oldest continuously operating radio club in thl! U!j. 
w ~ l l  hold 11s 39th annual Hamfest, Pennsauken Senior High 
School. Rt 73 and Remmlngton Ave, Pennsauken. 8 AM to 2 
PM. T~ckets S3lgate; S2.50ladvance. Sellers $5 per space p l l~s 
admlsslon. VE testlng all classes. Regtstratlon 9-30 AM. Rpfresh~ 
ments available Talk in on 145.290. For more lnfo or tickets con- 
iact Fred Holler. W2EKB. 348 Bortons Mill Rd. Cherry Hall. NJ 
08034 1609) 795-0577. 

NEW JERSEY: September 13. The DeVry Tech ARC w ~ l l  have 
a Ham RadiolComputer flea market, school parklng lot, 479 
Green Street. Woodbridge. 9 AM to 5 PM. Vendors setup 7 AM. 
Sellers 53iper car space. 2 free spaces lor no" prof11 oryanlra- 
t~ons Buyers adm~tted free For ~nformatlon call Llnda 1201) 
634-3460 days and Frank, WB2JKU 12011 787 0818 evcntngs 

- --- 

OREGON: September 26 27. The Walla Walla Valley ARC vv~ll 
hold 11s annual Hamfest, Oregon Community Buildlng in M~lton- 
Freewater. 8 A M  to 5 PM. Tables and admlsslon FREE Exams 
both days. Walk~ins accepted. For more ~nformation contact Ber~ 
nle Frazier. WA7CBX. 610 S. First Avenue. Walla Wall.3. WA 
99362 or phone 1509) 529 9879. 
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MINNESOTA: September 26. The V~king ARS will host 11s 17th 
annual Swapfest. Waseca H ~ g h  School, Waseca. Doors open 
8 AM.  Talk in on 34194. Formore ~nformation contact VARS. 
PDB 3, Waseca, M N  56093. 

. .. . 

annual BARCFEST Swap Meet. Nattonal Guard Armory, 4750 
North Broadway. Boulder 8 A M  to 3 PM. $3. donat~on. Tables 
$3. VE tests start 9:30 AM. Food and refreshments avatlable. 
For VE test info only Barbara McClune. NOBWS, 5338 Spotted 
Horse Trail, Boulder. CO 80301 13031 530-1872. For BARCFEST 
info Dale Scott. KAOQPV, 304 E. Cleveland St, Lafayette. CO 
80026 (303) 6652364. 

W l G B  during the f~rs t  annual Trader-0-Ree at Camp Sequas~ 
sen, Winsted, CT. For spec~al QSL, send QSL and SASE to 
KAlEAJ. Skip Paquette, 121 West Dayton Hill, Wallingforrl, CT 
06492. 

- 

September 18-20: The Wr~ght~Patterson AFB MARS, 
AGA lWP and the Dayton Amateur Radio Association, W3BI 
will go on the alr t o  commemorate the celebration of the Air 
Force's 40th annaversary. For further anformallon write Paula 
D~Gennaro. KAEHQJ. 7136 P~neview Dr~ve. Huber Heights, Ohlo 
45424 

CONNECTICUT: September 13. The Candlewood ARA's  an^ 

nual Flea Market. Danburv Elks Club. 346 Main Street. Danbu- 
ry. 9 A M  to 3 f%. ~ea le r s  8 AM.  i4dmission $3. ~ a b l e s  $8. 
Tailgatany $5 Talk In on 147.72112. For table reservatlons send 
check or M D  to  CARA c / o  Gene Marino, 31 Valley View Rd, 
Newtown, CT 06470 or call Gene at 12031 426-8852. 

NEW HAMPSHIRE: October 10. The Hossttaders w ~ l l  hold the~r 
Fall Tailgate Swapfest. Deerfield Fa~rgrounds. Admlss~on $2 per 
person. Sellers ~ncluded. Wheelcha~r accessible. Friday n~gh t  
camping at nomir~al fee lafter 4 PM only). Prof~ts benefit 
Shriners' Hospitals. Our May 1987 donatlon was over $8,0001 
For map or ~ n f o  SASE to Norm Blake, WAIIVB. RFD Box 57. 
West Baldwtn, ME 04091. 

~ ~p 

September 19-20: The Wellesley Mass ARS will operate 
W lTKZ  to celebrate the new Novtce 10 meter priv~leges 1300% 
to 01002. All Amateurs are welcome especially Novices and 
Technicmans For a special QSL card send QSL and SASE to 
Wellesley ARS, 211 Wash~ngton St. Wellesley, M A  02181 

GEORGIA: September 27. The Lan~erland ARC will hold 11s 14th 
annual Hamfest New Locallon- Georgia Mounta~n Center near 
Holiday Inn. Gainesvtlle. 8.30 AM to 3 PM. VE exams 9 A M  
Free admjss~on. Free tables for dealers reg~stering early Talk 
in on 146.071 67. Contact Phil Loveless, KC4UC. 4949 Red Oak 
Drave. Ga~nesville. GA 30506 1404) 532-9160. 

- - -  - 

NEW YORK: September 26. Orange County ARC's2nd annu 
al Hamfest and Computer Far, John S. Burke Catholic High 
School. Fletcher Street, Goshen Donation $2 Incloor tables $5 
each adm~ts one. Outdoor spaces $3 each, adni~ts one. Talk In 
on 146 76 repeater For ~tiforniattoti and reservatfons: Barbara 
Chr~stopher, N2AWI. Box 447. AD 2. Wallklll. NY 12589. 

NEW YORK: September 26. The Elm~ra ARA w ~ l l  hold 11s 12th 
annua Internat~onal Hamfest, Chemung Cc~untb Fa~rgrounds 
6 A M  to 5 PM Outdoor flea market, Indoor dealer displays. 
breakfast and lunch served on the premises. T~c.kets available 
at the gate or from Steve Zolkosky. 118 East 8th Street, Elmira 
Heights, NY 14903. 

NEW YORK: September 12. Ham~O~Rama 87. the Naagara Fron 
tier lnterriataonal Hamfest and Computer Show sponsored by 
the 5 Amateur Rad~o clubs on the N~agara Front~er. Niagara Falls 
Convent~on Center just north of Buffalo Tlckcts $3.50 before 
August 21. $5 00 at the gate. Children und1.r 12 admttted free 
New equipment, vtdeo displays. non~technical programs, flea 
market Park~na facllltles for the handtcaooed. Manv nearbv  at^ 

Sentemher 19: The South Canadian Amateur Radio Socletv -- 7 . . . . - - . . . . - - -  ~ 

will celebrate 11s dec~centenn~al by operating special event sta 
tfon W50U from 14002~24002. For cert~f!cate send QSL and 9x12 
SASE wlth 39 cents postage to SCARS c / o  KDSIT, 2735  pop^ 

ALABAMA: Sr,plemoer 17 ~ n c l  13 TIIV Mc,o c ,  ARC syror>wrv<t 
Harvfest Teia4 Struc.1 Rt.crcatnor> Cerltrr Mu01 f Uoora over) 
9 AM Aan>~s&on $2 W lor t,ottl <tar> Ueaaers, swap tdbzs, rtorl 

lar Lane, Norman, OK 73072 ham act~v~ties, free parklng. Also free overnight park~ng for 
SCRV's. Hospatal~ty room Saturday nlght Talk In on 146.22182. 
For table reservations wrtte MARC, POB 7232, Mobile. AL 3 W 7  
Phone N4MFQ (205) 471-4717 or KB4JET (2051 865-4404 

September 15-19. The Southern Count~es ARA will operate 
K2BR dur~ng the MISS Amerlca Pageant. Atlantic City, New J e r ~  
sey QSL SASE vla SCARA, Box 121. Linwood, NJ 08221. 

CONNECTICUT: September 27. The 5th annual Natchaug ARA 
giant flea market. Elks Home. 198 Pleasant Street. W~llimantic. 
Starts 9 AM.  Dealers 8 A M  Admiss~n $2. Under 16 free. Acl- 
vance ~ n s ~ d e  tables $5.00 At  the door $7.00. Outside taolgatlng 
$5.00iu11. ARRLiVEC exams for all classes. Talk tn on 90130 
and 52. For ~nformation Ed Sadeskg, KAIHR. 49 Circle Dr~ve, 
Mansf~eld Ctr (2031 456~7029 after 4 PM. 

-- 

September 27-28. 1987 Fall Class,~ and Homebrew Rad~cr Ex 
chanqe. 2M)O UTC Sunday to 0400 UTC Monday. Our object 
is to restore. operate and enjoy older and/or homebrew eilulp 
men1 of  any vantage CW call "CQ CX"; phone "CQ Classlr:  ex^ 
change". 

September 5-6. The Porter County ARC will operate N9RD 
from 13002 to 23002 from the Heston Steam Museum for the 
annual Steam Show. For further info contact Jurgen. NSRD or 
Tom. KB8AC. POB 1782, Valpara~seo. IN 46383. 

IOWA: October 4 Southeast lowa Hamfest, sponsored by the 
Muscat~neand lowa C ~ t y  Rad~o Clubs. West L~berty, lowa Fair- 
grounds Gates open 7 A M  T~ckets $31advance and $41gate 
Saturday naght allLyou can-eat welner roast, hay r~des, flea  mar^ 

ket and fox hunt Talk In on 146 311 91, 146.251.85and 146 52. 
For information KAOY. Ken. 13191 6435037 or KEOY. Tom. 13191 
264-3259. 

tractions For hformation contact ~ e r i i k    or man: POB 352. 
Cheektowaga. NY 1716) 877-3780 

Seplember 26-27: Tnc CULIICII 01 Eastern Mass Anlate-r Ha 
d o  Cltnlrs CEMARC w I upvrals sparla, even1 s t ~ t ~ o t l s  t l  .I n(l 
the Arll.slc .r R.n.1 < I  rxhnU,t ~t I I I~  Muse~anl of SI r l ~ ~ ~ . ~  II HOS 
ton MA E;lcn st31 or) wt l ~ . s c  trle ca l srgn K A l S M  

ILLINOIS: S<,~~tt,n~ucr 20 "OPEh hO-SE 'Aurl I dl ArrlJtt2..1 
Rat1 I I  H I Irr. t CIII<I..C~P(I 01 1111. Cti < : ~ ( J u  AdC hot th  P3rk \ 
;age 5801 I\r P.. d.,%n, Cnsraqu 11 A M  tu ', PM k ~ r  lnl~ru,3 

MISSOURI: September 27. The St. Peters ARC will hold its thlrd 
annual Swapfest. Golden Triangel Park in St. Peters. 6 A M  to 
2 PM. Adm~ss~on $1.00 to buy or sell. Expanded flea market and 
park~ng areas. Food and beverages available. For more infor- 
mation contact Jason Zwyers, KAOINR, 1084 Crestwood Lane, 
O'Fallon. MO 63366. 

lion call 5453622 Novice class l~cense seminar starts September 
28 at 7.30 PM for 10 weeks. HAM EXAMS: The MIT UFH Repeater Assoctat~on and the MIT 

Radio Society offer monthly Ham Exams. All classes Nov~c:e to 
Extra. Wednesday September 23. 7 PM. MIT Room 1~150, 77 
Mass Ave, Cambridge. MA.  Reservat~ons requested 2 days in 
advance. Contact Ron Hoffmann at 1617) 646~1641. Exam fee 
$4.25. Brang a copy of your current l~cense (if anyl, two form!; 
of plcture ID, and a completed form 610 available from the FCC 
In Oulncy, M A  16171 770~4023. 

TEXAS: September 19~20. The annual WARS Hanifest, Wichtta 
Falls Activity Centt:r, 10th and lndtana Streets. 8 AM to 4 PM 
Saturday and 8 AM to 2 PM Sunday. Comm~:rcaal cl~splays, c o m ~  
puter goodies, homebrew contest, large inside flea market.  ad^ 
vance regtstratlon $6 by September 16. At  the door $7. Swap 
tables $5 each. VE exams 1 PM Saturday. Walk~ns accepted 
Talk in on 74114, 34194. 449.3014 30 Mall prregistration and 
table request w ~ t h  check t o  WARS Hamfest, PO8 4363, W~cha- 
ta Falls. TX 76308. 

NEW YORK: September 20. LIMARC ARRL Long Island Ham- 
fair. New York lnst~tute of technology, Rt 25A. Northern Blvcl. 
Old Westbury. NY General admission $3.00. Sellers 7:30 AM. 
Buyers 9 AM Outdoor tailgat~ng, no reservations. Sellers car 
space $5. For more ~nformation Hank Wener, WB2ALW 15161 
4844322 evenlngs 

NEW YORK: October 4. The Yonkers Anlateur Radio Club's 
Electron~cs Fair and G~ant Flea Market. Yonkers Mun~ctpal Park 
ing Garage, Nepperhan Avenue and New Mitin Street, Yonkers. 
9 A M  to 4 PM. Giant Auct~on 2 PM L~ve demos all day. Free 
coffee all day. Admission $3. Chlldren under 12 free Sellers $7 
per parktng space, admits one, brtng own tables. For further 
informat~on call (914) 969-1053. 

GEORGIA: Seotember 20 Auousta Amateur Raddo Club w ~ l l  
holll 11s a,>~>c.al H.on>fnst J.,lo,~n Smnth Casino, -3kc O tnstc';~u 
Parr, A-g..st.~ 9 A811 to 3 30 PM T ikets $2 00 at hamfest T.14k 
tion 146 34 94 kc,# mole ~nforrndtlon k4JA  ,4041 790 7802 

MICHIGAN: October 25 The Southwest Mtchigan AR Tearn 
and the Kalamazoo ARC are sponsoring the 5th annual Kalama~ 
zoo Hamfest New larger locat~on - Kalamazoo Central High 
School, 2432 N. Drake Road. 8 A M  to 4 PM. Walk in VE  test^ 
ana. Adm~ss~on $2/advance $3!door. Tables $6. Send reauesls 

7 - - -  - 
before you move and we will make sure 
your  HAM RADIO Magazine arrives on 
schedule. Just remove the ma~ling label 

MASSACHUSETTS: October 10 The annudl meetltlg and ban 
quet of the New England DXCC Assoc~ation will be held at the 
Masontc Lodge In h~storac Concord. Meet~ng 2 PM. Banquet 6:30 
PM. The group IS celebrating 11s 35th annavt:rsary and wtll have 
a special program featuring recent DX Ped~t~ons by some mem- 
bers to the Ivory Coast and senegal. 

-- - 

MASSACHUSETTS: MIT Tallgate electroll~cs, computer and 
Amateur Rad~o Flea Market. Albany and M a n  Sts. Cambr~dge. 
9 A M  t o 4  PM. Admission $1.50. Free off-street parktng for 500 
buyers Sellers $5 per space includes 1 adm~ssoon Setup 7 A M  
Call 16171 253 3776. Mall advance reservatlons Ily September 
10 to MITUHFRA c / o  4 Madlson Street. B~:lnior~t. M A  02178 
Talk In on 146.52 and 449.2.44 2 p1 2A W1XM:R 

f r o m  this magazine and affix below. 
Then c o m p l e t e  your new address (or any 
o t h e r  corrections) in t h e  space provided 
and w e ' l l  t a k e  care of the rest. PENNSYLVANIA: October 10 11. The Pack Rats IMt. A~ ry  VHF 

ARC) lnvltes all Amateurs and fr~ends to the 11th annual Mid- 
Atlant~c VHF Conference. Warrlngton Motor Lodge. Rt 611. 
Warrington. PA and ourl6th annual Hamarama October 11 at 
the Bucks County Drtve In Theater. Rt 61 1, Warnnyton. PA 
Advance conference reglstratlon $5. $6 at the door ltncludes ad 
mlssnon to the flea marketl. Send to Hamarama '87, POB 311. 
Southampton. PA 18966. Admlssnon to the Flea Market $4. pt!r 
person. $7 per carload. Sell~ng spaces $6ieach Br~ng tables. 
Gates open 6 AM ratn or shme For ~nformatton Pat Cawthorne, 
WB3DN1 12151 672-5289. 

ham Allow 4-6 weeks for radio correct ion .  
Magazine 

Greenville, NH 03048 I Thanks for helping us to s e w  you better. 
r--\ r - -  

MICHIGAN: SCP~CIIIDPI 19 ljrauo R~PIOS An ill( I R ~ u ~ o  A\  
soc.nat.on w host ltsnnr~tml S H J ~  b Shop. htVL LOCATlOh 
W+,t Catllholtc hn jn  schoo . 1801Br st01 h i 4  (;r,#rul Raptili 
Doors o1,t.n 8AM Tnchcts 53 Tdtl r\ $4 ellrr> Fr( tr.n,~k S.IIC.> 
tr, s "car l a  r n nn 86 26 dl111 224 M FU t ~ l ~ l (  rssclruat c l r l - :  

or ,>f0rn>~$t6no .-ill Don hdz~s .&d r t .  KA8HCI 1hl.5 363 OM9 01 

NEW MEXICO: September 26-27 The Northern New Mexico 
ARC'S 4th annual Hamfest. Camp Stoney, 8 miles east of Sam 
la  Fe 8 AM to 3 PM Forums. tallgate flea market. dealers and 
Sat. AM VEC exams. Also non ham programs. For more ln for~ 
niataon SASE to bob Norton, N5EPA. Rr. 3, Box 9515, Santa 
Fe. N M  87505 

wrlte POB 1248, Grand Rap~ds, MI 49501 

WISCONSIN: September 20. The Trwcour~ty ARC, W9MOB. 
w ~ l l  hold its "Fall Fest". Blackhawk Techn~cal Inst~tute, Hwys 
51, between Belo11 and Janesv~lle. 7 AM to 3 PM. $2 00 per per 
son. Bring your own tables for flea market Talk ~n on 145.45 
and 146.52. For more lnformat~on: Carl Sear~ng Ill, KW9W. 249 
N. Tratt Street, Whitewater, W I  53190. 

NEW YORK: September 12. Saratoga County R.A.C.E.S.  as^ 
socfat~on's 2nd annual Hamfest. Saratoga County Fairground!;, 
Ballston Spa 9 A M  to 5 PM. Forums, packet demos. 2m fox- 
hunt, contests and more Admissiorl $3 ~ncludes outside selling 
space lns~de space $318 table. Talk tn on 147.00 or 147.24 For 
more ~nformat~on NZFEP. Dave Atwell, Box D15, RD 5, Ballb 
ston Spa, NY 12020 

PENNSYLVANIA: September 12 The W3PIE Un~ontowr~ ARC 
wall hold ~ t s  38th annual GABFEST, old Pittsburgh Rad, Unlon 
town. Pre reglstratlon $3each or2/$5.  Free parking, free swap 
and shop setuy~ with reglstratlon. Talk tn on 147 0451645 and 
144 571145.17 For more ~ n f o  John T. Cermak, WBBDOD, POB 
433, Republ~c, PA 15475 1412) 246~2870 or 246~9383 

WASHINGTON, DC. September 27 29 The annual convention 
of the Mtcrowave Communicat~ons Assoc~atlon, Ramada Rena~!,~ 
sance Hotel. For ~nformatton Elena Sel~n, 2000 L Street NW, 
Su~te 200. Wash~ngton. DC 20036 (3011 464 8408 

COLORADO: September 27 TheBoulder ARC w ~ l l  sponsor 11s 

AFFIX 

LABEL 

HERE 

CALIFORNIA: September 19. The Sonoma County Radio 
Amateurs w ~ l l  hold their f ~ f t h  annual Ham Radto Flea Market, 
Sebastopol Comrnun~ty Center, 390 Morris Street, Sebastopol 
8 A M  to 2 PM. Free adm~ss~on and parktng Tables $7ldoor, 
$51advance Vcndor setup 7 AM. VEC exarns. rad~o ch i c ,  ex 
h~bits, refreshments, auctlon Talk iri on 14fi.13173. For ttckets 
and lr~forrnat~ori wrlte SCRA. Box 116. Sarlta Rosa, CA 95402 

OPERATING EVENTS 
"Things to do . . ." 

September 11. The Qulnnaptac Counctl B.S.A. w ~ l l  operate 

I I I 1 
. - 
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Ham Radio's guide to help you find your local n 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham ~ddio (IOW for cor12pIete details. 
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Maryland 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301 -725-1 21 2 
Kenwood, Ten-Tec, Alinco, Azden. Full 
servlce dealer. 
M-F 10-7 SAT 9-5 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01 460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ATLANTIC SOLAR POWERIENCON 
(SINCE 1979) 
37677 W. SIX MILE RD. 
LIVONIA, MI 48152 
(31 3) 591-7745 
Solar Electric Power for Repeaters, 
Ham Shacks, Packet Radio. 
Call Paul, WD8AHO 

Minnesota 
TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher, Butternut, ICOM, 

Kenwood 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood. Yaesu 
Same day service, low prices. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

California 
A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(81 8) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
2 13-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, co 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95. no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-46 1-4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-530, Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 / 861-5610 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO. IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon. Tu, Wed 8 Fri; 
9:30-8:00 Thurs; 9:OO-300 Sat. 

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. 
SASE for New & Used Equipment List. 
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KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
51 2-680-61 1 0 
Stocking all major lines. San Antonlo's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6: SAT 9-3 

-. 

MISSION COMMUNICATIONS 
11903 ALEIF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(713) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

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 

Invitation to Authors 

ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of  the ham radio Author's Guide. 
Address your request t o  ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated). 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austrla 
~ a r l n  Ueber 

Canada 

Posllach 7454 
Send orders lo 

D 7850 LoerlDCh 
Ham Radio Magazine 

Wer! Germany 
Greenv~lle. NH 03048 USA 
Prices 10 Canaa~an lunds 

nam Radla B ~ I ~ ~ ~ ~  
, yr $41 85 2 yrs 174 z' ,  

Sleleoho~Ie 3 yrr $99 90 

Brurrslserleenreg 418 
8.9218 B~~~~~~ Genl 

nam naomo HOII~W vld Manlago 15 
nam Raalo I I ~ I Y  

Poslb~s 413 1-20134 Mllano 
NL 7800 Ar Emmen Italy 
nolland 

Ham Rada Evrooe 
60. 2084 tiarn Radto s ~ ~ I ~ ~ ~ I ~ ~ ~  
S 194 02 Uppland~ Vasbr Karl" Ueber 
Sweden -Postlach 7454 

nam Radio France 
0 7850 Loerracn 

SM Ele~lronlc 
Werc Germany 

20 bls Ave des Clarions 
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603-434-5371 
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parts. 
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MEMPHIS AMATEUR ELECTRONICS 
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MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-61 68 
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Kenwood, ICOM, Ten-Tec, Cushcraft, 
Hy-Gain, Hustler, Larsen, AEA, 
Mirage. Ameritron, etc. 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 
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Tom McMullen, WISL 

an introduction 
to AMTOR 
It's digital communications time 
again, after a brief detour into discus- 
sion of the 28- and 220-MHz bands.' 

July's column covered the basics of 
RTTY and ASCII, two foundations for 
more advanced teleprinter communi- 
cations techniques. This month we'll 
continue with a look at AMTOR, 
another aspect of modern digital com- 
munications. 

In referring to teleprinters, by the 
way, I'm not limiting the discussion to 
mechanical devices that print on 
paper; the term can also apply to elec- 
tronic systems that "print" their out- 
put on a cathode-ray-tube screen 
(CRT). 

QRN here.. . 
One of the problems that has 

plagued teleprinter communications 
from the beginning is noise. Oh, sure, 
noise bothers CW and voice operators 
too, but that computer most of us 
have between our ears has a marve- 
lous ability to fill in missing portions of 
a word or phrase when a static crash 
or some other noise blots out the sig- 
nal for a brief period of time. The 
machinery of teleprinting isn't so smart 
- it can't infer what was "probably" 
sent by examining the context of the 
message. In mechanical systems such 
as RTTY, a mangled or missing bit of 
data will result in either a wrong 
character or no character being print- 

ed. In electronic systems using com- 
puters or "dumb" terminals," improper 
data can still print a wrong character, 
but if the noise mangled an instruction, 
the system is likely to "lock up." 
Often, the only recovery is to shut the 
equipment off and then turn it on 
again, which loses any data already 
received. (And you thought first-con- 
tact jitters were bad! Be thankful 
you're not a computer.) 

As all good traffic handlers know, 
when the message must get through 
despite poor conditions, a solution to 
the noise problem is to repeat what's 
being sent. Accuracy is improved, but 
throughput (that's a buzzword refer- 
ring to amount of information trans- 
ferred per unit of time) is reduced. It's 
a tradeoff that's acceptable when ac- 
curacy is most important. 

AMTOR to the rescue 
AMTOR is a modern way of doing 

just that - repeating what is sent. The 
system wasadapted from a commercial 
scheme devised to improve the reliabil- 
ity of communications with maritime 
units where garbled text could result in 
costly delays. The acronym AMTOR 

A "dumb" terminal is one that can only receive, dis- 
play, and transmit text; a "smart" terminal contains a 
microprocessor and circuitry that allows it to also per- 
form complex computing and data-manipulating 
functions. 

Note that packet radio, through computerized error- 
checking, offers the advantage of noise-free, error-free 
communication; we'll discuss packet radio in a future 

column. 

comes from AMateur Teleprinting Over 
Radio. 

AMTOR comes in two flavors, 
Mode A and Mode B. In addition to re- 
peating what's sent, both use a unique 
code characteristic to allow the receiv- 
ing station to reject bad data. Figure 
1 shows the letter "Y" in both Baudot 
and AMTOR codes. 

The AMTOR code was developed 
from the Baudot (or RTTY) code, and 
there's a direct correlation in most of 
the characters. The binary representa- 
tion of "Y" in Baudot is 10101; you'll 
note that the center five bits of the 
AMTOR "Y" are also 10101. 

Here's where AMTOR gets clever. 
There's always a ratio of four marks 
(ones) to three spaces (zeros). This is 
accomplished by adding ones or zeros 
to the original five-bit code. If the 
receiving station finds a character 
without that ratio, it rejects it as bad 
data. 

In Mode A AMTOR, one station is 
called a "master," and the other a 
"slave." The master station is the sta- 
tion that initiates the contact. After 
contact is established, the master is 
known as the "information-sending 
station," or ISS. The slave becomes 
the "information-receiving station," or 
IRS. These roles can be reversed dur- 
ing the contact by either station send- 
ing the proper control code to the 
other. Mode 6 doesn't use the 
master/slave concept, but instead 
repeats the characters being sent in a 
pattern designed to minimize errors. 
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ONE C H A R A C T E R  

ONE C H A R A C T F R  1 

fig. 1. The letter "Y" in AMTOR code at (A), and in Baudot (RlTY)  code at (B). The 
seven-bit AMTOR code was developed from the five-bit Baudot code by adding 1s and 
0s to permit checking for accuracy of received bits. Compare these to the ASCII letter 
"Y" in my July column. 

slaving away 
In Mode A, the ISS transmits data 

in groups of three characters, then 
waits for an acknowledgment. The 
IRS receives the data and checks it for 
the constant 4:3 ratio; if the data is 
good, the receiving station sends an 
acknowledgment signal in the form of 
a special control code. The ISS then 
sends another group of three. If the 
IRS gets bad data or misses some- 
thing, it sends a control character that 
asks for a repeat. Thus, the contact, 
or QSO, is a series of bursts of data 
going back and forth. 

The transmission rate is usually 100 
baud. The transmission of each char- 
acter requiies 70 milliseconds to send, 
for a group time of 210 msec. The 
master waits 240 msec for a reply 
before sending the next group (or 
repeating the group just sent). This on- 
and-off operation means that your 

transmitter will operate with slightly 
less than 50-percent duty cycle, and 
shouldn't overheat at reasonable pow- 
er levels. It also means that your equip- 
ment should have fast "turn-around" 
times in switching from send to receive 
and back again. 

AMTOR equipment has an adjust- 
ment to compensate for equipment 
switching time. If your equipment is 
too slow, your receiver won't be ready 
in time to hear the acknowledgment 
from the IRS; if it's too fast, you'll send 
the next group before the IRS is ready 
to copy it. Another type of delay can 
result from the propagation time be- 
tween the ISS and the IRS: nearby 
contacts require less propagation time 
than those half a world away. AMTOR 
equipment can also be adjusted to 
tailor this time for optimum results. 
(Reliability has its price. There's no free 
lunch anywhere!) 

Obviously, this system is slow. The 
extra bits, the processing time, and the 
time spent waiting for an acknowledg- 
ment all add up. Even though these 
times are each only a few milliseconds 
long, the total lengthens the time re- 
quired to send information. At 100 
baud, however, the speed of data 
transfer is still faster than most people 
can type, so the extra bits and wait 
times aren't too objectionable. A good 
circuit will transfer data at the rate of 
approximately 50 wpm. This speed will 
decrease as conditions get worse, 
slowing to about 10 wpm as the sig- 
nal deteriorates, but the system will 
continue to try for correct copy (talk 
about dedicated operators! 1. 

There's a catch, though: what if you 
don't want to use the one-on-one sit- 
uation where one station is the master 
and the other is the slave? Perhaps you 
want to send a message to a network 
of stations or to one station with 
others to copy. The first station to ac- 
knowledge would be the IRS, and all 
others would be locked out. Then, too, 
there must be a mode that allows you 
to call CQ. 

Here's where Mode B comes in. In 
this system, each character is repeat- 
ed in a sequence that is calculated to 
get the information through most ac- 
curately. If you know the approximate 
length of the average noise burst (such 
as QRN from lightning), and you re- 
peat the characters at intervals slight- 
ly longer than that noise-burst length, 
you have a pretty good chance of get- 
ting your message across. That's just 
what Mode B does. 

For example, if 1 send "antenna here 
is 3-element beam," but noise wipes 
out some of it, you might receive "a - 
en-a h -e is-ele-nt bea-." Your be- 
tween-the-ears computer can probably 
deduce what I meant. But if our QSO 
is being carried out on teleprinter 
devices, each machine will print what 
it receives; this can lead to some pretty 
garbled text because noise bursts can 
be interpreted as almost anything, 
even unprintable characters. (No, I'm 
not talking about a prudish machine 
that censors the text, but about those 
control characters that don't print a let- 
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ter or number, but rather ring a bell, 
advance the paper, or shift to upper 
case, for example.) 

Now suppose I repeat the message 
so you can fill in the missing pieces. 
On the first transmission you receive 
"a-en-a h-e is-ele-nt bea-." The 
second time, you receive "-nte-na -ere 
-s 3 -emen- -am." You can fill in the 
missing pieces and recover the whole 
message easily enough, but now the 
beauty of it all is that your receiving 
machinery can do the same, and a 
whole lot faster. Instead of repeating 
the whole sentence, suppose that I 
kno* that the average noise burst is 
likelt to be approximately two to three 
characters long. If I repeat the text in 
groups of four, the chances of the 
message getting through are much 
greater, and the amount of time spent 
repeating is kept to a minimum. Again, 
transmission is at 100 baud, so each 
character takes 70 msec, for a total of 
280 msec for the first transmission; 
repeat the first four characters, then 
send the next four and repeat them. 
The sending sequence for the message 
above might be: 
Antelantelnna Inna [herelherel is I 
is lthrelthrele elle ellemenlemenlt 
bealt  belam. lam. / 

I've inserted the vertical bar (1) to 
mark off the groups of four characters; 
it isn't sent as part of the message. 
Note that spaces between words count 
as "characters" too; in AMTOR code, 
each space is indicated as 001 1101 (bit 
0 first). 

In Mode B, the transmitter is on 
continuously, so it might overheat un- 
less it's designed to handle continuous 
duty cycle. If this is the case, reduce 
the power level to something that the 
transmitter can handle. (Like AMTOR 
operation, RTTY also requires that 
most transmitters be operated at re- 
duced power to  prevent overheating. 
Check your equipment instruction 
manual for duty-cycle information.) 

If all this seems complicated and 
confusing, don't worry - it probably 
is. The good news is that you don't 
have to think too much about it; to- 
day's equipment has a lot of "smarts" 
built in. All you need is a teleprinter, 

a terminal, or a personal computer; 
add an AMTOR encodertdecoder box, 
connect it to vour transceiver. and 
watch the lights blink. 

Well, maybe it's not quite that easy, 
but it's not too hard, either. You'll still 
have to learn how to tune in a station, 
and what the operating procedures 

10-735 Lost Juns are, but a little careful listening (make 
Gen. Cvg, Xcvr S99B.00 Call $ 

that "monitoring") will take care of the IC-751~ Gen. Cva. xcvr 1649.00 Call $ I 

Memorial Station at ARRL headquart- 
ers in Newington, Connecticut. The 
station transmits bulletins on AMTOR 
Mode B on 14,095 kHz at scheduled 
times. Novices: remember, you can re- 
ceive (listen) in Mode B on hf bands 
other than 10 meters, but you can 
transmit (reply) in either mode only be- 
tween 28.1 and 28.3 MHz. 

Other "listening" spots are 14,075 
and 3637.5 kHz. Many stations start 
there and then move a few kHz up or 
down to continue QSOs. If you hear 

latter. For practice ,in tuning in a sta- 
tion (and learning what one sounds 
like) tune in W1 AW, the Maxim 

a "chirp-chirp" type of operation, it's 
probably two stations using Mode A. 
If a signal sounds very much the same 
as a continuous RTTY signal, it could 
be either RTTY or Mode B. If you tune 
it in and the lights on your AMTOR 
box come on, you're doing something 
right. Try some schedules on 10 
meters and have a ball. 

There's more interest in AMTOR in 
Europe than in the United States, so 
here's a chance to grab some very in- 
teresting DX on a relatively new and 
fascinating mode of communication. 

R7000 Gen. ~ v g . - ~ c v r .  1099 00 Call $ 

~~~,"~"&$;~:k 949.00 Call s 2499.00 Call $ 
IC-Z~NH FM Mobile 2 5 ~ 1 4 5 ~  4291459 Call $ 

reference 
1. Tom McMullen, WlSL, "Elmer's 
Notebook: An Introduction to Digital 
Communications," ham radio, July, 
1987, page 92. 

ham radlo 

Join other Amateurs - help 
the physically handicapped 
be Licensed Amateurs 

Courage HANDI-HAM System 
Courage Center 
3915 Golden Valley Road 

IC-37A FM Mobile 25w 499.00 Call $ 

IC-900 Super Mul1i.Band Mobile 589.00 Call $ 
IC-O4AT UHF HT 449.00 Call $ 
IC48A UHF 45w 459.00 Call $ 

IC-38A FM Mobile 25w 459.00 Call $ 
IC-O2AT FM HT 399.00 Call $ 
IC-uZAT Micro HT 329.00 Call $ 

TS-430s Gen Cvg Xcvr 
TS-711A All Mode Base 25w 
TR-751A All Mode Mobtle 25w 
TS-440SIAT Gen Cvg Xcvr 
TM-2530A FM Mob~le 25w 
TM-2550A FM Mob~le 45w 
TM-2570A FM Moblle 70w 
TH-205 AT. NEW 2m HT 
TH-215A. 2m HT Has It All 
TH21BT 2M HT 
TH31 BT 220 HT 

819.95 Call $ 
899.95 Call $ 
599.95 Call $ 

1199.95 Call $ 
429.95 Call $ 
469.95 Call $ 
559.95 Call $ 
259.95 Call $ 
349.95 Call $ 
259.95 Call $ 
269.95 Call $ 

FT-757 GX Gen Cvq Xcvr $995 00 Call $ 
FT-767 4 Band New 1895 00 Call t 
FT-270RH FM Mob~le 45w 439 95 299 95 
FT-290R All Mode Portable 579 95 Call $ 
FT-23 RlTT M ~ n i  HT 299 95 Call $ 

FT-209RH RM Handheld 5w 359 95 Call $ 
FT-726R All Mode Xcvr 1095 95 Call $ 
FT-727R 2MnOCM HT 479 95 Call $ 
FT2700RH 2Ml7OCM 25w 599 95 Call $ 
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Ham Radlo s Bookslare 23 28 48 69 72 78 

Ham Radio 5 Boohslor~ RO 83 84 87 88 
The Ham Stal8on 36 
Hamtronacs NY 75 

H~ml ron~cs  PA 62 

179 Husller lnc 16 
170 ICOM America Inc CII 

1 I? IIX Equ8pm~nl Lld 61 
134 Jensrn Twls Inc 7R 
I57 Jun s Eleclrontrs 103 
171 Kanlron8cs 1 
182 Kenn~dyAssoclaleb 19 

K ~ n w w d  U S A Corp 2 5 CIV 

118 Larsrn Ele~lron~cr 69 

176 Lunar Eleclron~cs I ?  
143 M.~dnon Eleclron<cs Supply 87 

103 GI*" Martan Enqtnrrnmq Inr 16 
172 MFJ E~~P~PIISPS 7 
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Stale Zip 

Please use before O c t o b e r  31, 1987. 

READER SERVICE r PAGE l 

101 . MncroConlrol Speclallles 
151 - Mtdland Technolqles 

1 16 - Mmds Eye Publlcaltons 

180 - Mtrage Communlcallons 
196 - Mlraqr Commun~cnt~ons 

132 - M#ss#on Cornm~n~calmns 

128 - M1ssour8 RadloCrnler 
I 1  1 Moll Energy Ltd 
184 - Monllor8og Thmer 

136 - Molron Eleclmn8cs 
177 - NCG 
137 . Nel-Tech Labs. Inc 

147 - Nemal EleClroncs 
145 - Nuls8 Volls 
I69 - OPTOele~lron~c~ 
198 - P C  Eleclron8cs 
129 . Pac.Comm Packet Radlo Syslema 

' - Palamar Engtneers 

126 .Processor Concepls 
177 -The PX Shack 

175 - Radm Amatour Cnllbaok 
1 13 - Rilr(l"kll 

130 Radlosporlonq 
I62 - R a m s ~ r  Eleclrontcs 1°C 

102 - RF ConneCltOn 
- RF Part=. 

153 - Rwnsch Mtctowrve 
127 - Rulland Arrays 
121 - S Com lnduslr~es 

139 Sommer 
s p e c - ~ o m  

I91 - Speclrum lnl~rnatlonal 
163 - Sp8 RO Manulaclur~ng. Inc 
117 - Slrtdsbcrrg Engtneerlnq Co 
183 STVlOnSal 

181 -Synlhel8c Tex18les Inc 
187 TE Syslems 
1 15 - lpl-Con3 

104 - Transvrrlers Unl8mlted 
174 . Unad~llalAnlennas Elc 

158 - Unlly Electron!cs 
. Un~verstly M~crol~lm Inl 

173 -Val Comm. Inr 

I25 -Vanguard Lahs 
178 - Vellan EIMAC 

150 - VHF Cammuntcal<ons 

147 - W9INN Antennas 
190 . Weslern Elcclron~cs 

154 Wt-Comm Elrclronacs Inc 
166 Wo~ld Dala EIIIP~PIISPS 

168 Yaesu USA 
193 . YaeSU USA 

135 E H YoclC0 

PRODUCT REVlEWlNEW PRODUCTS 

304 -EEL TEK 
307 Cenluram lnlrrnal#onl Inr 

302 . Cr~n18vr Conlrol Pcoducls 
' - Cushcrall Corp 

303 . Encomm. lnc 
309 . General lnslrt~n~ent 
301 - ICOM Amrrrc,~, lrlr 

308 - Inlerceplor Ela~clronrcs 

31 1 . Kall and Assormles 
305 - MFJ Enlrrprtsrs 

310 . P C  EIeclron!cs 

TURBO PC-XT P$ COMPATIBLE 
4.77-8 Mhz 

cbl 256K Ram ( t o  640) 
360K DD w/Controller 

Mlarnl, FL 33265 
(305) 551-4023 

1-800-634-3547 
Call lor Fme Brochure 

20 m g  ST225 w con1 
$325.00 

30 rng ST238 wlcont 

'with coupon s455.00 
w ~ t h o u t  coupon $599.00 

OFFER EXPIRES 10131187 
Oller only on Turbo XT Syslem 

BRAND NAME DISKS 
1 . 2 1  D I .  DD. SOFT SECT 

BY BOX I ao4e so-UP- -- 
MAXELL gr, 90 !li, 

NASHUA 70 65 60 
3M 1 2 5  1 2 0  1 1 6  
DYSAN 2 0 0  1 9 6  1 9 1  
VERBATIM 1 0 9  1 0 2  98 
XlOEX 62 58 55 

PRICE PER DISK - 

BULK DISKS 5.25" DSDD-RH 
25 50-400 425-I000 

DSDD .ill 3R 3: 
LIBRARY CASE -HOLDS 10 DISKS. .  . . .1.99 
QVS FILE BOX -HOLDS 75 DISKS..  . . 8.50 
FLIP-N-FILE BOX -HOLDS 100 DISKS . .15.95 

CALL FOR FREE BROCHURE 
OF MORE COMPUTER SUPPLIES 

( 3 0 5 )  5 5 1 - 4 0 2 3  
1-800-634-3547 

HOURS: 10 A M  - 7 P M  EST 
Mal l  to: World Data Entarprim 
P.O. B o x  652737. Mlarni. FL 33265 

NO R A D I A L S 1  
NO RESISTORS1 

NO COMPROMISE' 

I t i R E E  EXCELLENT R E V I E W S I U S T  P 
I ) O N ' T  H A P P E N  RY C H A N C E .  

( A L L  U S  F O R  A FREE CATALOGUE.  

BlLAL COMPANY 
@ 5 ll 2 ,  RON b2 I k p l  2 

luc ha. O h  -4 I42 tVIH1 151-4044 
\ 

We've Got Books 
Plenty of Books 

Send SASE for free flyer 

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



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

#COMMUNICATIONS 
ISPECIA L ISTS Zr Instead of sifting through the field ... search- @(, I ,,,, Ave.  CA 92665-4296 

ing, use our super quick one day delivery and kxdl ,714) Y Y X - ~ O ~ ~ ' ~ : ~ ! ~  AX (714) 974-3420 
a# 

cash in on a rare find. Entire U.S.A. 1-800-854-0547 
r /  16s 

m 



OPTOelectronics inc 

N E '  
POCKET S lZE '/ 

FREQUENCY 
SIZE:4"Hx3.5" W x l "  D 

W E  IN USA COUNTERS TO 1.3 GHZ 
8 LED DIGITS -2 GATE TIMES 

ANODIZED ALUMINUM CABlNR 
RNAL NI-CAD BATTERIES INCLUDED 

AC ADAPTER/CHARGER INCLUDED 

EXCELLENT SENSITIVITY 

AC-DC PORTABLE 

AC ADAPTER 
CHARGER P 

Small enough to  fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toys1 
They can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable. cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the l2OOH makes it ideal for use with the telexoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi. car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit- 
ters, signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 

#1200HKC Model 1200H in kit form. 
all parts, cabinet, Ni-Cad 

. . . . . . . . . . .  instructions 

ACCESSORIES: 
#TA-100s Telexoping RF pick-up ar 

1-1200 MHz counter complete includi 
batteries. AC adapter-battery charger 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ld 

s 99.9s ... 

ll200HC Model 1200H factory assembled 1-1200 MHz counter. tested and 
calibrated. complete including Ni-Cad batteries and AC adapter/banery 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  charger 

Rl300HC Model 1300H factory assembled 1-1300 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/banery 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  charger .SlSO.OQ 

$12.00 .... .... itenna with BNC connector 
. . . . . . . . . . . . . . . . .  #P-100 Probe, direct connection 50 ohm. BNC connector Sl8.00 

KC-70 Carrying case, black vinyl with zipper opening Will hold a counter and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  accessories $10. 

Y 169 
ORDER FACTORY DIRECT 

FLA (305) 771-2050 1-800-327-5912 I 
OPTOmImctmnier inc I vm' 1 AVAILABLE NOW1 

1 .  
5821 N.E. 14th Avenue Orders to US and Canada add 5% of total (52 mln, 510 max) 

Ft. Lauderdale, Florida 33334 nor~da res~dents add 5% sales tax COD fee $2 
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Three microprocessors. you'd expect from Yaesu, too. 
ready case. A case so small, Dual VFOs. Single-button VFOl Including standard and heavy- 
it even fits under airplane seats. memory swap. Receive cov- duty power supplies, auto- 

:ourse, you've probably erage from 500 kHz to 30 MHz. matic antenna tuner, and more. 
I a similarity to its pre- l bnsmi t  coverage from 10 So no matter where you 

uecessor, the FT-757GX.That1s to 160 meters, including WARC work the DX, take along Yaesu's 
purely intentional. And now its bands. All-mode coverage FT-757GXlII.The full-featured 
performance is even better. (LSB, USB, CW, AM and FM). HF rig you'll have a real field 

With new features like mem- 100-watt RF output. day with. 
ory storage of operating mode. QSK operatibn. Massive 
Slowlfast tuning selection. Auto- heatsink and duct-flow cooling 
matic step-change according system for continuous RTTY y!iaEsu 

lew uavr I rzlu tiawams Road, ( 190701 (213) 404-2700. Repair Service: (213) 404-488 
%eo Cincinnati bmee wnter 9070 Gold Park Drive, Hamilton, OH 45011 (513) 

Prins ar Ins subject to change witho ul notice. 



Here's One foryou! 
2 m ; a ~ e  70 ~ n l  K'lp ~ r ) ~ ~ ~ ? l t ; i 2 ~ "  T \ , ? -   ti ~ P C P ~ V Q -  :i.~rn 733- Packet r,-d;o c o r n ~ a t ~ b ! ~ !  

17 .2  ,>(;'; v~L- I , ,  ? ; l t <  I~ ,~ I , I@OT the in " ~ ~ l l - f u n c ? ~ o n  rnernc)rv channels mobile ?ransr,ei!'ers 
v!i..-'b!.~: i. '?nonn!sl Transmit range store frequency, repeater offset. 

The all-new TM-221A9 TM-321A and 144.148 MHZ. Modifiable for MARS sub-tone frequenc~es, and repeater 
TM-421A FM transceivers represent and CAP (MARS or CAP reverse ~nformatlon. Repeater offset 
the "New Generation" in Amateur permit required,) (Speo,~callor~s gl~aranleed on 2 rn is automatically selected. 
radio equipment. The superior Ken- ,,,I Ar,la,e~,r barid ose only I There are two channels for "odd 
wood GaAs FET front end receiver; . T V -  - 7 <.: r-nvcrs :?o-:? 2 on5 h r p ,  split- operatlor-. 
reliable and clean RF amplifier cir- - ,  .:i-. T ? :  ~ : ' I R  covo..: A :!P-I':Q~.??T~ (* prnprnmnl.l:,le band s c ~ n n i n g ,  
cuits, and new features all add up 4 6 1 ) ~ .  0 i,,4n-1~ry scan with rnprnorv 
to an outstanding value for mobile r:l,irs ,,, ::,,+ D P ~ P I  ,;PIPS?IOI~ nf 27. c ' - x ~ ? - I  l ~ c k - o ( l t .  
FM stations! The optional RC-10 r.r(15!; !,..~-s. TSU-5 programmable ? : r ( - ~  i : o . ~pac t :  
handset/control unit is an exciting decoder opt~onal. approx. 1-112"Hx5-112"Wx7"D. 
new accessory that will increase Y I ~ ~ : ! I ~ I  ',: f r o n t  p a n ~ l  cnntrol: " ' - , . I  amber LCD display. 
your mobile operating enjoyment! makes operating a snap! 0 "' . r?r-i:~one test function on low 

. \ ,  r l i  L , - . ,  r - " "  hh;.n-' m l c ,  rxlc. hn;.! . r ... - .  

: .In. .. - fi . ,  .. . I - ,  r-n1:.1'1r (. :;ri?cket. 2nd I)< CIO\A,<- I '1  - , ! - I ' , ' v .  t o p - m o u n t ~ d  speaker. 
b . '  71.1 cm m c : > i ! ~ !  All three models r;~?l., ( 1 ) :  '~ i r 'o?.  ':.occx:: r i?-cast chassis and 
have adjustable 5 W low power. a I ~ ~ . r >  .,,., ,I nrjr; . tnlat l lp i\nr.,;.t~ri: 1 3 .  q1,4 

i v c . t i l n l  All functions remaln intact 

deslgned for mobile convenience 
and safety. All front panel controls 
(except DC power and RF output 
selection) are controllable from the 
RC-10. One RC-10 can be attached 
to two transceivers with the optional 
PG-4G cable. When both trans- 
celvers are connected to the RC-10, 
cross band, full duplex repeater 

. - 0  I I I I I I I , I  I . ~ r ~ t ~ r i r l : ~  lu\)c r i:.'Oir W F'CPI SWT-2 Compact 
PG-4G I x l r : ~  i i11t101 1 ,IIMI, .11liiw,, /M :':'lAi 70 L : ~ I  ;:riIrri!l;r IUI;I?I I200 W I'f I'l ' SP-40 Corn- 

't,1 .l:'lh loll ilti l i1r.x o j l r ~ r : l l ~ # i ! l  9 PS-501PS-430 I,nit rncib~lg~ .r,?akvr e SP-50B Moh~l~' sc~eakur 
[ I ;  l,cwlr l l t ~  - 5  F I  1 s  - PG-2N E x l r i l  L)C cahlc. a PG-3B DC Ilnr. nolse 
r f ~ ~ i : ~ i ~ I r ~ r  SW-100A COIII~,;V-~ S W H l ~ ~ ~ ~ w t ~ ~ l v o l I  t ~ l l ~ , r  - MC-6OA. MC-80. MC-85 Rase tal lon mars 
lnt.ll.r ( 1  8 1'1, 1 MII;, . SW-(OOB c ~ , , ~ , ~ , ; , ,  I SWR' : - 5  t I I wl111 ~ l o i ~ s r r ~ e c k  and 
18rrwrr/v i~l l  liirLlrxr 11.10 . I '8~ i  hl11:l - SW-200A SWR. I~IIII, ool t ~ r i i t l r  MA-4000 UII;J tiiftlrl antenna w ~ l h  

l,,ta:,3, (18 I ~ I ~ I  MI{?, - SW-~OOB~,W~~,,,~~,WPI c ~ , l l , ~ ~ x ,  , ~ t n c t t ~ n ~  I,,,I ~ , o ~ 8 ~ j ~ ~ . . ~ ( ~ !  - MB-201 E X ~ I ~  

III<,I,~I (1.111 .lr7l1 b.4H;I - SWT-I I.o!II[~ 8 1 7  81, l l t ih~lf, ' n r l ~ i l l t  

KENWOOD 
KENWOOD U.S.A. CORPORATION 

I l i t . ,  ,' ,,lii,.l\ .,111,1,"".~ ,,,1,1'., 'I,, I ',;,,,,~'. ,~~,ltii,,,i110111 1.  ,il 111 114.111 i l l 
2201 E Dom~ngl~er St., Long Bench.CA 90810 

( ,,,,, I ,,.. I,, ....,,,. ,. l l l . , , l , , , ,  1. d r , .  .,L.ll~.l~~!,. I,,, .,ti K i . ~ ' i ~ i > l i l l l l . l l l l . l  I . iY.IrI  . l r l , ~ r r l  ll.~.lr 1 - . . In, j?:  PO Box 22715. Long Bench. CA 90801-5745 
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