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DAYTON COMING SOON you can bc acc<rmmodatcd sornehou. 
It's almost that time again! For years, the Dayton Hamvention has If You're planning on goill8 to Dayton, please confact the 

been the de facto annual gathering of ~ R P e r s  from across the country, appropriate people well ahead of time to get signed UP and pay for each 
(Judging from the reports from Pacificon in 1997, QRP ~ a y t o n  may be item; don? wait until the last minute! Expecting to get "tickets at the 
getting a little West Coast competition in the fuhlre, though! f ie  door" is risky at best, going by past expenen=, and it's always best to 
NorCal folks put on quite a QRP show there in 1997.) Dayton is a huge sign UP early. Contact K8DD for a room at the QRP Hotel, KT3A for 
hamfest with lots of vendors and tailgating, and many folks enjoy that the QRP symposium the &Y before Dayton officially sfarts, W4DU for 
part of it but it's also a great way to meet Q ~ ~ e r s  from around the general questiom, and NF3I for the QRP brmqnet. All of their street 
world, and share in the QRP camaraderie. Wander the grounds of the and e-mail addresses can be found on the rear Page, except for NF3I: 
Hara Arena during the day, with occasional stops by the booths of the 
various QRP clubs and QRP vendors, and then on to the "QRP Hotel" Scott Rosenfeld, NFJI 
for the ~ g h t ' s  events. And this year, like the last two, there will be an QRP ARC1 Banquet Tickets 
all day QRP seminar at the QRP Hotel with a variety of speakers, on the 4015 Sparrow House Lane 
day before the Hamvention opens. Burtonsville, MD 20866-1333 

We have a number of volunteers handling various aspects of 
Dayton. Scott Rosenfeld, NF31, is running the QRP banquet this year, NEW QRP ARCI AWARDS PROGRAM COMING 
giving Pete Meier a well deserved rest. Hank Kohl, K8DD, has taken For quite some time we've realized the need for some sort of 
over the rooms reservations at the QRP Hotel fmm Mymn Koyle, program to recognize people who do good things for QRP. The QRP 
NSDHT, who did it for what seems like forever. Myons handling of the Hall of Fame was a start, but we also need something,along the lines of 
rooms for so many years has been a significant contribution to the an annual a w d s  program. We're fmally getting it off the ground, and 
success of "QRP Dayton" for quite some time. Signup for the QRP it's being handled by Steve Pituch, W2MY (formerly N2MNN). Look 
seminar is being done by Cam Bailey, KT3A. Jim Stafford, W4QU, is for details elsewhere in this issue. 
acting as Dayton Czar, overseeing the m g e m e n t s  for everythmg COMMONALITY BETWEEN QRP ARCI. NORCAL, QRP-L 
(with the assistance and kibitzing from a couple of dozen people in the One thing l've long wondered about is how many people belong to 
Inner Circle of the club!). more than one of the three major QRP entities in the US. (I didn't say 

ROOMS: This one is always a problem; getting a room anywhere "club" since the Internet QRP forum, QRP-L, doesn't exactly fit the 
in or near Dayton during the Hamvention penod is always difficult if traditional defnition of the term.) One concern l've had for some time is 
you wait too long. H~storically, the QRPers have always had a block of the fact that my Idea Exchange column, as well as the rest of the QRP 
about 70 r m s  reserved at the QRP Hotel (this year we have 80 and Quarterly, runs things from QRP-L as well as NorCal's QRPp, and 
may be able to get more next year). For years we stayed at an 11 story QRPp uses a lot from QRP-L. This gives readers of the two journals a 
hotel in downtom Dayton, and we always had some really great great deal of good information, but some will be seeing a portion of it 
antennas strung from the hospitality suite near the top floor! Sadly, that for the second or even third time; the question is, how many? (This is 
shut down a while back and we've been at the Days INI South for also a problem with reprints from the GQRP Club's SPRAT.) Chuck 
several years, near the Dayton Mall. It's only two stones, hut that Adams, UFO,  matched up the various subscriber lists on his computer 
doesn? stop an antenna farm from being erected! and came up with these numbers, in December 1997: 

Reservations should always be made early, and the block of QRP 
rooms has all been spoken for, hut don? panic just yet. As this is ~ t t e n  Members of QRP ARC1 also in NorCal: 687 
in February, there has already been a waiting list for a while, but don? Members of QRP ARC1 also on QRP-I,: 440 
lose heart; people often turn their reservations hack in, allowing Members of NorCal also on QRP-L: 623 
someone else to get them, and there are ofien people willing to let 
someone else share their r m s .  (We've been asked why we handle the The bottom line is that while several hundred folks will be seeing 
list ourselves instead of having everyone deal directly with the hotel some reprinted material for the second time, lots more will be seeing it 
using their toll free number. One reason is that the hotel does NOT for the first time. To those who will see it twice, I apologize, hut g d  
maintain waiting lists. If they have a cancellation, the next caller asking QRP info is always worth spreading around, and don? forget, not 
for a QRP m m  would get one, and we don? thlnk that's fair to those everyone subscribes to multiple QRP journals. 
who have been on the waiting list for weeks.) NEW SPECTRAL PURITY REQUIREMENTS COMING 

Some of the Maryland Milliwatts have been staying across 1-75 at There's little detail yet, hut expect more to be heard on tlus topic. 
the Motel 6 for a couple of years, in rooms reserved by Scott, NF3I. He The February 1998 QST contained a report on the 1997 World 
does it right-as soon as he arrives in Dayton, be immediately reserves Radiocommunications Conference (WRC-97) and near the end of page 
lus usual 4 rooms for the next year! And at the QRP Hotel there is 33 is a section titled "Unwanted Emissions". The bottom line is that 
usually a signup sheet for those wanting to bwk a room for the hams will have some new spectral purity requirements being imposed 
following year. That is never filled up on the spot, but they do go eventually. The current requirements for HF are that all spurious 
quickly over the months. This year we're taking advantage of e-mail emissions (including harmonics) must be at least 40 dB below the 
and the Internet. If you'd like to get on the waiting list for a room, you camer when runniug above 5 watts, or at least 30 dB if under 5 watts. 
can send e-mail (or drop a letter) to Hank, KSDD, whose addresses They give the formula for the new spec as 43 + 10 log (PEP) or 50 dB, 
appear on the rear page. You can also check the QRP ARCI web page wluchever is less stringent, at HF. (The VHF spec has an upper limit of 
to see what the list looks like at the moment. If you don't already have a 70 dB.) Tlus represents a substantial increase. 
reservation, the situation is far from hopeless and there's a good chance 
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Running a few QRP power levels through the formula, we find "None of the proposals ever made [it] out of working groups, 
that 5 watts requires the full 50 dB; 4 watts is 49 dB, 2 watts is 46, and avoiding a major fight on the assembly lloor in Cmeva. Protecting the 
even one watt requires 43 dB, all of wbich are significantly tighter rights of hams to repair and modify contempom gear, and to build and 
specs than the 30 dB limit we currently have. restore vintage radios such as Classic AM rigs now popular on the 

These limits can be achieved without unreasonable measures short-waveham bands. 
being taken, and things could have been much worse. The QST report "It cost the IARU delegation a lot of time and money to keep these 
mentioned that we could have been given even tougher specs. They said measures from being brought before the conference in their original 
that an ITU task goup had been working on this for several years, and form which might have seen their approval by consensus." 
both the ARRI, and the Japan Amateur Radio League (JARL) were (Via WSYl Report. Newsline) 
involved in the process. They say that "had we not been involved in http:/lwww.arnewsline.org/newsline~archives/cbbslW7.txt 
these studies, we could have had to comply with unnecessarily stringent Evpect to see coverage on this topic in QST and other ham 
limits." magazines in the future. 

Here's some additional insight on the issue, from the AMATEUR 
RADIO NEWSLINE online text archives on their webpage on the QRP ARC1 ON THE WORLDWIDE WEB 
Internet. (The ARN is a regular audio broadcast on topics relating to We,ve the for a while, \\ith Dave WA4NID 
ham radio' heard On the ham bands around the This as the webmeister. Recently, due to a lot of hard work by Vice l'resident 
was part of Nml ine  report number 1067, for release on January 23, Jim StatTord, W4Q0, we now have our own, easy to remember -: 
1998. www.qrparci.org. It's l iked back to the original page at rtpnet.org for 

ITU Almost Outlaws Home Brewing now. Re sure to take a lwk at it every now and then. (And don't forget, 
"An amazing revelation. Ham radio came close to losing the right you can hop to the list of Dayton room reservations from there.) 

to put home brew equipment on the air. This, as a result of technocrats 
at last November's World Radiocommunications Conference in Geneva, DON'T FORGET TO RENEW ON TIME 
Switzerland. Be sure to check your address lahel for the expiration date, and be 

"~elegates in Geneva were asked to consider type a ~ o v a l  for all sure to renew ~-y if you want to continue receiving regular copies 
equipment used in the Amateur Radio Service according to a story in of the ORP Ouarterlv without one, (yes. we know the 
Fred Maia's W 5 n  Report. 

"But the quietly made pitch to working groups at the International 
Telecommunications Union meeting in Geneva was countered by the 
International Amateur Radio Union, since type acceptance would have 
made it illegal for hams to design and build their o m  transmitters - 
something we've done throughout the history of the hobby. 

"Other working groups meantime wanted to implement a uniform 
set of spurious emissions standards for all transminers That too, could 
have made it tough for hams, if they had to demonstrate homebrew 
compliance before regulatory bodies. Moreover, all current homebrew 
and store bought transmitters in ham radio would have been 

-- .-- . ~ ~ - ~ ~ ~ ~ ,  - . . 
information was not on the labels for the January issue. That's the first 
time we sent the information to the pnnter elech.onically and due to a 
misunderstanding the renewal info was not placed on the labels. It will 
appear there in the future.) The Membership Chairman has a well 
publicized cutoff date for renewals; please obsme it, and get your 
renewals to him before that. Late renewals cause lots of extra work and 
may well result in you having to buy the copy you missed (including 
postage), if any extra copies are even available. And if anyone feels that 
they are being singled out since they didn't renew on time, that's not the 
case. This has been a chronic problem ever since I became active in the -,..,. 7 "  ""-8 -- 
"U" ap,a,,,. IL  YSLU J a&": -9. p- 

incompatible withthe proposed worldwide emissions standards. 

As \our VP, 1 sccm to hovc a hunch a l  odd tlnngs in m) hag ol the room list on our rich slit, and as t11c dare pcth closer, 1111s should 
responsibilities. Thought I would mention a fkw ofthem to let you know change frequently so keep an eye on the list if yorr are seeking a room. 
that I am not sleeping all the time! Just go to the web site and look for a button that says "Dayton Rooms". 

First, I had been workmg for some time to get the club their own Third, Mike wanted someone to be the clearinghouse for Dayton 
domain name. M e r  several false starts related to sites wanting more info and wl~en no one else seemed to want to be that pmon, he 
monthly revenue to host our domain than I was willing to pay, our appointed me the Dayton Intergroup Coordinator. 'This doesn't mean 
Membership dude, WA4NID, came across Bob Applegate, KZUT, who that I have all the answers but hopefullv I know who does. If your goup 
m s  Water Wheel Systems and was willing to host us at a very attractive is planning some QRP activity for Dayton, please let me know so I can 
rate! So we now have our own web domain name; make sure we don't trample on each other and actually get the most fun 

www.qrparci.org 
We hope this is easier to remember than our previous home page 
address. We plan to move more of our pages to Water Wheel soon and 
spiff them up some in the process. WA4NID is still the webmaster hut 
1 will be assisting in the process. 

Second, I spent quite a lot of time working on lrying to iron out 
challenges associated with Dayton and QRP ARC1 activities planned for 
this year. Ilopefully the "full posting" of room reservations by Hank, 
KRDD, will he most helpful to all those seeking rooms. You should see 

out of this fantastic weekend. 
Fourth, I am the vendor coordinator for the hospality suite at the 

Days Inn South. If you are a vendor and would like a table for the 
"Vendor Night" which is oflicially Friday night atter the banquet, please 
let me know. Their is no charge to get a table for your use, but we 
would like to know who wants to be part of this ever popular event. 

Just email me at w4qo@)amsat.org or call me and leave a message 
at 1-800484-6866 x3888. 

See you at Dayton. Jim Stafford, W4QO 
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FROn" *HE EDITOR 
ln" Stark, KT 

say I was running QRP when I earned mv DXCC? 

And why would the anyone, let alone the ARRL, 
allow contacts made from the welfare office of 
ham radio (DX Nets) to even count for such a 
prestigious award? 

Here we are, time for another issue of the Quarterly. Things 
have been almost calm here for a change. Nothing has hmken or 
bent. All rigs and antennas are working just fine. I have seen winds 
up to almost 70 mph blowing on the antenna and it just sits there 
waiting for my command! 

The other day I did try to move it in a high wind and even with 
this bigger rotor, there wasn't enough power at times! That must he 
what the vertical is for! 

Conditions on the bands has heen improving almost daily. 
From all the e-mail I have seen on QRP-L, there has heen a LOT of 
good DX put into the d e s e ~ n g  QRPen log books. Jim, KL7FS and 
I had a nice chat at 50 mW back in January Had a 2xQRP contact 
with UIAOY. That was another fun one! 

With 5 watts I managed to get into the following logs; P4, 
ZS6, 9V1. DSI. W 8 ,  YSI, BV4, ,435, RZO, KH2, HR6, T88, 3W6, 
HC5,9MOC, ZL7, EW35, ZKI, EMI, YS9 and etc. While those are 
fun, and remembering the bigger the pile 
up the more fun it is, I have been doing 
more and more with less than one watt. 
If you have any doubts of what 
Milliwatts will do, read on. 950 mW got 
me into the logs of, HLICG, 
FOOlOK5DX. NHI and HLOC. 200 mW 
got LUIUXIKA, in the Antartic. 100 
mW got ZLIDK and a nice twenty 
minute chat was had with KH6AFS, 
Sam, with both of us running 50 mW. 

One big help yon can g e  is the DX news bulletins. I use the 
one called The Daily DX. It is done by Bernie, W3UR and more 
information can be found on his home page; 

http:/I~.wdn.com/thednilydx 
You can also contact him for more information via e-mail: 

bemie.mcclenny@mail.wdn.com 
So no mater what you have for an antenna and no matter how 

much power you can get out of your rig, just get on the air. You 
might just be surprised at who you talk to! 

The CW Sprint came and went. For those of us who tried it 
with QRP, most said "Wow"! This has got to be one of the most fun 
contests of all. Only 4 hours so it's not one of those things that just 
keeps on going and going and going. There is about 5 months leR 
before the next one in September. Get your stations ready and join us 
in the fun. We managed to get two teams made up this time. Next 
time we hope to have at least one more. Rules are on the NCJ home 
Page. 

bttp:l/mvw.waterw.coml-ncjl 
To sign or not to sign IQRP has been the topic of some lively 

discussion on the contest mailing list. Almost all contesters DO 
NOT want you to sign IQRP. Or IM or I anyihing unless it's needed 
to make the call legal or as a contest requirement. (Some contests 
require you to sign with the call area you are operating from. If you 
live in California and have a W4 call, you would need to send your 
call as W4xxx16). And I agree with them. Sending IQRP just slows 
them down and gives them a greater chance for error in copying your 
call. 

Tbe discussion also included what to do when working DX 
stations. Here lhere was not a united mind set on the subject. Some 
feel that during busy times it's best not to do it. But that it's OK 
when the pile ups get thinner. And I can go along with that. We 

want to work the stations with QRP or QRPp. We are not tMng to 
make things harder for them! 

Then the discussion started heating up when it came to having 
the DX or contest station include the IQRP on the QSL card. Some 
say to just go ahead and put the other persons call on the card 
however they want it. Others seem to feel that somehow they are 
certifying that what you say is true! I don't feel that way and can't for 
the life of me understand whv they do. I had heen under the 
impression that the IQRP was needed by the ARRL for the WAS 
award. nut it turns out that that isn't true. You just sign a statement 
saying you were QRP and that's all that is needed. So the issue of 
having a IQRP aner your call on the QSL card is really a non issue 
for the ARRL. Same for the ARCI. And that just stands to reason. 
After all, we have NO control over what the other station wants to 
do! 

Now for the one that kills me. And Doug Hendricks and just 
about every other QRPer that 1 know. 
The NUU. will believe me when I tell 
them that I was running QRP for my 
WAS award. They will also believe me 
when I tell them I was running QRP for 
my WAC award. They will also helieve 
me when I tell them that I wasn't 
running more than the legal amount of 
power when I earned my DXCC. They 
will believe me when I say that I didn't 
violate any sub hand rules. 

Hut why will the ARRL not helieve me when 1 say I was 
running QRP when I earned my DXCC? 

If you should send them a lener or e-mail, (and I'd love it if 
you did!) keep in mind that for this super duper high class award, it's 
just fine to not have an Extm class license and still work the SSB 
DX nets that are in the extra class sub bands. 'That has heen going on 
for years. And why would the anyone, let alone the ARRL, allow 
contacts made from the welfare office of ham radio (DX Nets) to 
even count for such a prestigious auard? 

There is a new foot of snow on the ground outside and the 
ARRL SSB DX test is in full bloom. George, K5TR (of TR Log 
fame) asked me to be sure and find my mic and work them at 6D2X. 
I also got a request from the NCJ editor and neighbor, Dennis, K m V  
to listen for him at KP3P After thinking about it long and hard, I 
finally thought what the heck, I'll do it! I found the mic, unpacked it 
and plugged it into the radio. Within ten minutes I heard George on 
40m signing 6D2X. They were way over S9! So I worked him. Then 
in a few more minutes I found and worked Dennis! Man, this SSB 
stuff is easy, right? A few minutes later I found the other station of 
6D2X on 75m and worked them. 

So, before it ended, I had worked George and co. on 4 bands. I 
heard them on 160 just above the noise but they couldn't hear me. 
And I never did hear them on 10m. Worked a few other stations. 
Dan, KL7Y up in AK. I always work him in any contest I can! 
Couple of EU stations and ZD8Z. The last one was running 20 over 
S9 on I h !  So you heard it here first. I have finally made a SSB 
QSO with the new radio! 

How about Doug Hendricks and NorCal hrealhing new life 
into the Tuna Tin n ? What a great way to remember Doug DeMaw! 

Get your soldering irons ready. There is some great building in 
this issue. Don't miss out on the fun. de Ron. KU7Y 
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ming 
bnte "R on" Sta 

Ron and the QRP ARC1 Quarterly "stair': 

Great quartrrlv. Mv only complaint is that it happened to have 
heen rained on the da\, it came - ~ n k l e d  but readable. (It was to my 
advantage that \oo went to the new (?) slick cover - less damage 
o\serall.) I'nss on the thanks to all on the staff 

What's missing? I haven't decided yet. I'll let vou know if I think 
of somahing. One idea that just popped into my head - for the 
"winner ofthc month" photos, a paragraph that describes more what or 
how they did what ever they did to create their rig/paddlelkever/tuner/ 
etc. that !ou are featminp, especially if it is homehrew or involved 
s~pificant changes to the kit. Another opportunit?. for me to learn. 

Cheers173 Kevin Anderson, KB9IUA 

H I  Kevin, Tlrnr soe~td.~ like a gomi iden. ed 

You and the QQ starare to be commended on the production of 
a very professional journal. I rccentlv re-subscribed atter letting my 
suhscription lapse for many years. If I'd known what rve been missing, 
I would have rc-suhscnhed swner! 

Dnring my engin~xring career, I met a lot of fine professional 
people, and your authors are among the best! 

Ihanks, 72/73, Rill \\hOcld 

Hi Bill. I agree that our arrthors are slrper. And don 'tfoqet that t11w 
do thisfor no pav' 13'71at a nrce group ofpeople1 ed 

The QKP Quarterlv arrived here in San Francisco Rav Area this 
weekend and even though it's k e n  said before: WOW, am T impressed. 
You herehy have my permission to increase my membership fees to 
keep this qualitv!! What an incredible amount of work went into this 
issue. I'm still a novicc and learning, but mavhe somedav I'll be able to 
he a contnhutor rather than being in the learning mode. I thank all of 
the contributors - you sure are helping this guy!!! P.S. Paul Harden 
deserves a RAISE! 1 love articles like that! 

Rob Bavha, K6RKt3 

Hi Rob. Thank-vou foryour srtpport and I know I can sa.v 'Thank You ' 
for each of rhe conn-ihsrors, ed 

rk, KU' 

days in Colorado, only I had the reloading lahle in a radio cluh room. 
73, Red. KSVOL 

Hi  Red, nrq used to call me Rai ,wars ago! There just seems to he 
sonterhiug ahalrt QRP and Reloading rhar j t s r  go rogetlrer!! ed 

What To Do With My Beloved Junk 

The Problem: I am AE9G. IIans, 68 years old and healthy. I like 
to tinker and homebrew and have over the years hought and 
accumulated more nice "junk" than I am ever likely to use, such as 
component parts, rummage sale gear, home-huilt stuff, 'md of course 
the equipment that goes with a QRP station, etc. The XYL has been 
leaning on me to get rid of some of my ':iunk", and, although I hate to 
admit it, she has a point. I3ut anv good "junk-collector" 1 homehrewer 
will h o w  that it is t&bly difficult lo throw things a\=? while having 
the nagging feeling that someone out there surelv would love to have 
it. What is even worse is to imagine what would happen afler mv 
(inevitable) end. (Did vou realize how dangeroos QRP operation is'' 
The death rate among Q W  operators is 100%. S o q  ahout this 
morbid note). Anyway, I can imagine the executors looking at my 
"beloved junk" and saying "What are we going to do with all that 
garhage? Let's get a (small) dumpster!" - Makes one my, doesn't it? 

The Solution: Establish "diplomatic relations" with one or 
several hams who h o w  what I am talking about, and who would like 
some of my junk. I remember my teenage years when I was first hit 
hv the "radiou-hug, and parts were suhstantiallv unavailable (WW Il, 
in Germany), and how happy I was then to latch on to a plug-in coil 
form, a transformer, a tube, a tube socket, even wire (fahric- insulated 
then). If I wuld provide similar jov and perhaps also a learning 
experience to someone, that would he particularly nice. Rut I 
wouldn't want to he choosy about the recipient of mv beloved junk. 
What I am envisioning is a gradual process with appropnate 
correspondence, and then, when I get sent to the ultimate IIX countw, 
that 1 ulll know where the remainder of my equipment should be 
shipped. - If you know what my feelings arc, if you are also a 
junk-lover ("jm~quophle"'?), let's communicate. Mv E-mail address is 
schroede@msoe.edu, and mv mailing address is Hans Schroeder, 
PO.  Box 92163, Milwaukee, WI 532024163, 

Hi  Hans. I know how,vou,feel! ed 

Unless spec~ficaliv requesred that it not he published, 
anv letter, note, etc. received via anv means, h.v the ed~tors 

I Hi All. Got something you would like to say? Something you would like us to do? Articles you want to see? Remember. 1111s 
is vour m a m i n e .  Lct me know what vou want. E-Mail to: ku7vG!sage.dri.edu And thanks for all your support. ed. 1 

Hi Ron 
Great job with the QTTARTERLY. I liked the blue cover. This is a 

far c~ from the "old" days when the QUARTERLY was just 2 to 4 
pages on a mimeograph machine! 

~~~~d ,he reload,ng in the ~ ~ d i ~  room - reminds me of my 
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and or staflofthe QRI' Quarterlv, that is qf general interest 
to our  reader.^ will he published when space is m~ailnhle. We 
re,qerve the right to all puhli,Thed a,7 n,c 
pnd necessay. Opinions expre.~,~ed are t h o e  of the authors ' 
nnd do not necessariiv reflect those of The Quarterlv editors 
or the ARC1 Board of Directors. 
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3tilI QRD YealT urcolino, W6TOY 
P.O. Box 9333, 

pring, MD 20916 
w6toy'n~erc1lq.com 

\Vo\x. 11 5 hcc~i a I~LIS, 5cvcr;iI 111ont11s Ihcrc ;it  'A6l(lY/.:. lots 01 
water, and dchris. uidcr the hrldgc! No; I'm not talk~~lp about 1II 
Ninja, the big guy that's ravishing the western world with rain and 
such. I'm talking about life, both in and out of ham radio. 

By day I'm a mild mannered logistics engineer and MS Access 
programmer. My background in Logistics underlies most of what I do 
at work and my interest in MS Access has led to some interesting 
assignments where I work. Last October, about the time I wote mv 
last epistle, my boss a s s i ~ e d  me to wile two small databases for use 
bv our customer (the US Naw). These had to be a cut above mv usual 
$-house product: they had to& full featured, bullet proof, and &able 
by folks who had little or no interest in the mechanics of databases! I 
finished the first one last week (second week of Fehruarv): the second ., , . 
one promises to stretch on to the end of this month. As a consequence 
time for ham radio has been a bit scarce, but I did manage to find some 
time ... 

The 1997 Pennsylvania QSO Party 
I'm going to get to the good stuff right away! Two contests I've 

really begun to enjoy are the ARRL Sweepstakes and the Pennsylvania 
QSO Party. The Pennsylvania QSO Party is held in the second 
weekend in October every year. My fmt visit to this contest was in 
1995 when I was still living in a condo with my mother, and using my 
infamous "stealth antenna. As it turned out I also used a "Stealth" 
radio that year. 

Back then I was also the "Contest Manager" for "Hambrew" 
magazine. I had scheduled our fust contest for the second weekend in 
October! Seriously, I'd researched contest dates for the previous five 
years using CQ and QST magazines; that weekend looked clear, and 1 
guess it was west of the Mississippi! Rut east? Bedlam. 

Since the event 1 was going to enter was a "Hambrew" contest, I 
settled on using one of Dave Benson's NE4040s that I had huilt a vear 
or so before on a visit with my best friend on the planet, Bruce 
Williams, WA6NC. When I fust hooked it to an antenna the radio 
had seemed a bit down on sensitivity (stone deaf, really) but in the 
spirit of 'Hambrewing" I hooked it up and sallied forth. I never heard 
another QRP station that weekend, but the band was full of guys 
calling CQ PA. I made 50 contacts in about 4 hours Saturday 
afternoon. I was happy enough with the result to make a firm promise 
to do it again the next year. 

Oh yeah, the radio. It WAS stone deaf. A few months later I 
enlisted the help of our esteemed President, WABMCQ, in doing a 
little troubleshooting on the little devil. Seems Dave used a small RF 
choke in series with the crystal filter input to match impxlances. The 
choke was OPEN, yep, bad to the bone from the start! Replacing that 
choke made that little radio into a really nice performer! 

Anyhow, where I was going with this is that last Thursday 
afternoon the mailman dropped off a large envelope from the N i m v  
Amateur Radio Club. Great, I said, the Pennsylvania QSO Party 
contest results. Right, and WRONG! Inside the &velope was a v& 
nice certificate made out to W6TOY as the hiehest scorine out of state - 
QRPer in the 3rd call district. What a rush, as they say. Actually my 
score wasn't all that great, 103 QSOs and 47 counties, but I've got the 
paper! By the way, I was number 20 in the Top 20 QRPers! 

I guess I should say my goal in this year's Pennsylvania QSO 
Party was the coffee mug they sold lo anvone who made more than 100 
QSOs Notice the similarity between that number and the number of 
QSOs I made? 

Rruce MI 

Silver S 

Srerp$takc* "17 
And then, along came S\rccpstnkes! My first Sweepst&es entv 

was just last year! For thc lonpest time I was put off by the long and 
complex exchange used in the Sweepstakes, hut last vear, at the urging 
of Bob White, W03B. I gave it a shot, and I got hooked, big t~me! 
Heck, it's pretty easy to see why - there I was, working California on 
80 meters, running 5 watts into a 60 foot piece of wire, Oh, they offer 
a participation pin for over 100 QSOs. 

I was really looking forward to this year's edition, but over the 
summer 1 fell into a bad health patch. Those of you who know me 
personally know that I ain't scrawny. Well, after a lifetime of abuse 
my bodv's joints finally paid me back with some nasty arthritis related 
(so they say) aches and pains. While I've sort of got it under control 
now through medication, exercise, and weight loss, last November I 
wasn't exactly what you'd call comfortable sitting at a radio for long 
periods. But, like the old hunting dog, the smell of fall was in the air 
and I mn around barking, lwking for the game. 

I had planned to make my 1997 operation different - I'd 
replaced the 60 foot long wire with a 200 foot long wire. And, I 
reasoned that if I concentrated on both QSOs and sections, how could 
I go wong? And it worked, sort OF, while the pain in my hips reduced 
my enthusiasm for long periods at the key (yes, Virginia, I use a 
STRAIGtiT KEY) the strategy was otherwise sound. I was only on 
about 60% of the time I'd been on in 1996, but I worked as many 
sections and had nearly the same score. 1 worked 47 of the 48 
contiguous states and Alaska. Tongue in cheek, it's said there are no 
hams in Nebraska - I think it's true! Oh yes, did I mention the 
participation pin? I now have two, one for 1996 and one for 1997 - 
this could be the start of a collection! 

Trials and Tribulations 
My usual rig is a Kenwood TSI 30V, and I've been using the 200 

foot longwire since Christmas day 1996. 1 found the combination, fed 
through an elderly Johnson 275 Watt Matchbox worked equally well. 
Sadly the 200 foot wire fmally got tired of rubbing against the fork in 
one of the support trees and broke in two, a week to the day after it 
went up. lhrs morning I convinced my Whammo slingshot to put a 
line through that same fork. Tomorrow, NEW WIRE!! 

A second problem I was reallv not ready for was the hard disk 
crash a week ago. Not a fatal crash, but an extremely annoying one. 
My home computer is a three, going on four year old Gateway Pentium 
P60. When I bought it its 540 Mb hard drive seemed to offer all the 
space I wuld ever need, even with the full MicrosoR Office 
Professional installed. But, lefl to their oun devices, hard drives fill 
up! After a year of moving applications to a Zip Drive I bought to put 
off buying a larger hard dnve, I hit the bullet and bought a brand 
spanking new 4 Gig Western Digital drive. Last Saturday was to be 
phase one of the installation. 

I started backing up all my "important" soflware to Zip Disks 
(olere's that Zin Dnve aeain. handv linle tool!). Then I attem~ted to - .  
upwade the BIOS. The upwade was supposed to be a simple 
p;&dure; just running a patchrrom DOS. ~ a i f w a ~  through the 
I got a heen and an error messaee. "Your FLASH memorv cannot be ~ ~ 

uigraded";t said! Oh dam. I r& the patch a second time'and got the 
same results! 

Well, said 1, I'll just go into Windows and w o w  about it later. 
That's when I got the second error message saying "You may need to 
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run Widows setup"! Hmmm, seems the hard disk's head did what we 
pilots call a "ouch and go" somewhere on the platter. Wiped out 
about 10 Mb of space. Not a great loss, but a crucial 10 Mb, the 10 
Mb where Window wote all its .INI files. To make a miserable story 
shorter, I spent the last 6 days (part time) getting the system back to 
life. 1 ended up having to reformat the hard drive and reload 
everything. Who savs Windows isn't important software! 

The 'Great Back to the Future Project" 
Oh bovohbovohbovoh' If you h a v e ~ t  heard about this one, listen 

up! AAer Doug DeMaw passed awav many people began to look for a 
"fitting" QRP memorial for him. The "Great Back to the Future 
Project" is that memorial. I think Doug would have liked the idea, 
because it encompasses his greatest jovs, building and using simple 
radios, and is also one of the best examples of interclub cooperation 
I've ever had the pleasure to be associated with. 

Not too long ago Ihug Hendricks published an article about the 
Tuna Tin 2 tran.smittcr in QRFp. the Northern California QRP Club's 
magazine. The article raised a lot of interest in the design, but since 
one of the key pieces, an RF choke sold by Radio Shack, was not 
longer available, interest in the project cooled. Then Doug DeMaw 
passed away, and the "Cneat Back to the Future Roject" was born 

With Doug Hendricks enthusiasm and drive pushing us along a 
small design team was formed to revive the pieces that grew out of the 
Tuna Tin 2. All of them used discrete components and were packaged 
in readily available containers from the supermarket. The group 
includes: 

The "Tuna Tin 2". a 250 to 400 mW transmitter, 
The Herring Aid 5, a Direct Conversion receiver. 
and the CB Slider, a VFO for the transmitter. 

There has also been talk of reviving the "linear" designed for 
this set, called, I think, the "Sardine Send&. 

Because of the Radio Shack RF Choke problem a certain amount 
of circuit redesign and re-layout has been done. Doug Hendricks took 
on the Tuna Tin 2, Glen Tom, VKIFR, took on the Herring Aid 5, and 
yours trulv took on the :Chopped Beef Slider. Interesting project - one 
1 also just finished this past week. 

These rips all use parts you pohably have in your junk box, or 
that you can easilv buv from Mouser or Digi-Key. Schematics and 
hoard layouts will be published both in QRP Quarterly and QR@, and 
will be on several Intkmet Web Sites. Boards will he available 

through Fred Reimers of FAR Circuits. Get on the bandwagon - build 
one of these "supermarket" stations. Show your appreciation for the 
work Doug DeMaw and friends did hack then, and the work Doug 
Hendricks is doing for us today! 

The "Infamous 2N2222 Design Contest" 
What? There's more? You hetcha. This project is the 

brainchild of Wayne Burdick, Mr. NorcaWO, Mr. SST, Mr. Sierra, and 
soon to be Mr. NEW RADIO! The idea was to see just what could be 
done using ONLY 2N2222 transistors in a transceiver design. That's 
right, just the 2N2222, - no PNPs, and NO Integrated Circuits, and 
there's a limit to the total number of 2N2222s you can use in your 
design! 

Watching the QRP List on the Internet it's clear that Wayne 
shuck a nerve here. There has been a tremendous amount of interest 
in this project. Even your faithful scribe has a rig in design and if his 
employer lets up a bit he'll get it finished. The contest is sponsored hy 
NoSal and the judging will be at Dayton this year. 

Dayton 
Once again Dayton is on the horizon. This vear the QRP ARC1 

has taken on the challenge of making Daflon the biggest and most 
memorahle QRP experience of 1998. l3ey're calling it FDIM, or Four 
Days In May (hmmm, sound familiar?). It should, the name's been in 
use since Bob Gobrick (Russian Bob, to his friends) and I started using 
it to describe our fledgling QRP Technical Conference back in 1996. 

This year there's a new slant on things. I h e  QRP ARC1 is doing 
it all. The technical conference is now a QRP ARC1 operation. None 
of the original crew are involved with it except as advisors. The 
banquet, a not to be missed affair, with Ade Weiss as the keynote 
speaker has a new chairman, Scott Rosenfeld, NF3I. We've 
essentially taken the Days Inn - Dayton South hostage for four days, 
starting on Thursday with the technical conference and ending on 
Sundav when we take down the antennas. If your schedule and your 
finances permit, DON'T MISS IT! If you've never been to Dayton, 
how you gonna get into ham heaven? Seriously, it's not to be believed! 
There's something there for everyone, QRPer and QROer alike. 

The end 
That's it from W6TOY this time. Until next time, keep the QRP 

faith, baby, and GET ON THE m. Get in a contest and work some 
DX. Join a QRP club. Go to Dayton. Do something, don't just stand 
there! 73 

ByteMark corporation 
7714 'I rent St. Orlilndo 1:1, 32807 (407) 670-3184 \ oice I rrcyin~l,~tem;~rk.ronl Email 

(800) 679-3184 \ales (407-673-2083 Fax http:iinww.bytemark.rom/am~don/ 
ByteMark Corporation is announcing the availability of a new DDS product, the PC-VFOjr. 

The PC-VFOjr is a DDS signal generator with 7dBm output from 50 KHz to 54 MHz. 
It is an ISA PC plug-in card, compatible with 8088 and forward architecture. 

The PC-VFOjr has an MSRP of $139 US Dollan, and will begin shipping the same week 
as the Dayton Hamfest. Prepaid orders are being accepted, and will be shipped postpaid when the 

units come off the production line. This prepaid offer is available only through ByteMark. 
Watch the publications for PC-VFOjr availability soon at a dealer near you. 
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iVclcorilc lo lhc QRI' C'li~t,l~o~tsc - Wh;iI'c thc sccrc1 p;!ss\roitl - ~nst ; t l l i i~;  .$ntcnil;ls 
Why "QKI'" of course 111s issuc will i x  dcvotcd to some up and QRP-L Elmer Projects 
coming activities of one particular club - and that club is the QRP "Back to the Future Project" - Two recent happenings on the 
Amateur Radio Club International, QRP ARC1 is well known for it's QRP-L internet email list fit veq well into the categon, of Elmer 
service to the QRP ham radio community, as well as this wonderful projects that QRP Cluhs mav want to make available to their memhers. 
publication "QRP Quarterlv" that vou are now reading. In May of this The "Rack to the Future Project" inspired bv Doug Hendricks KI6DS 
year, the QRP ARC1 will be emharking on what the Club hopes to of the NorCal QRP Club rejuvenates the great classic QRP designs of 
become an annual event for QRPers and that is the "Four Days in the late Doug DeMaw WIFB. With the help of QRP designers from 
May" QRP Conference, to be held concumentlv with the 1998 l)ayton around the world NorCal will be publishing up-to-date designs for the 
liamvent~on. You'll find the announcement for FDIM elsewhere in the Tuna Tin 2 transmitter, Herring Aid 5 receiver, Chopped Reef Slider vfo 
QRP Quarterly as well as on many of the regional QRI' Club and the and C&,illa amplifier. This is a wvonderful update of some classic 
1)avton Hamvention homepage. DeMaw designs using readily available parts - ideal for a club elmer 

During this four day estravagarva there will he a numher of events proiect. For more information contact Doug Hendricks K16DS at 
related to Regional QIU' Cluhs and the "elmering" aspect that comes kihds@dpol.kl2.ca.us 
from Club activities. Here are just a few of the scheduled activities that QRP-L Elmer Project - A more recent posting on the QRP-L was 
will be of interest to the QRP Cluhs: an I'lmcr l'roject inspired by Chuck Adams K5F0, who made the case 

FDlM QRP Club Social for picking a simple low cost QRP transceiver design as the hasis for a 
Saturday evening, May 16 \\111 be the gathering place for two great learn-as-vou-build Elmer series for new and old tlmer QRPers alike. 

events at the QRP ARC1 Davs Inn Dayton South Ilospitality Suite. The design that Chuck sugsested was one ofthe peat classics tiom the 
NorCal QRP mill be hosting the annual QRP Building Contest with a New England QRP Cluh called the NE4040. 1 l i s  Dave Benson 
host of prizes to be awarded this vear for best entries. Building NNlG design is still available in the ARRL IIandhook and a number of 
categories this year include rigs solelv hased on the venerable 2N2222 mods have heen introduced over the years making it a super little QRP 
transistor (a contest inspired bv Wayne Burdick N6KR in honor of the transceiver. Furthermore, since the design has hem well documented, it 
anniversaty of the Bell Labs invention of the transistor), the serves as a great little rig to analvsis and use as a basis for 
"customized" Wayne Smith KRFF NorCal iambic paddle kit, and a understanding modem QRP transceiver designs. 
contest for the best "new'' desiqs of the past year (always a popular Within a matter of davs, Dave Benson NNlG 
event for clubs to second-guess \\mat Doug Hendricks KlhDS will (Bensondjti~aolcom) stepped forward and sa~d  that he would offer a 
pluck out for the next NorCal kit). spxial to the QRP-L Elmer Project by updating his Small Wonder Lab 

Saturday evening, in the Hospitality Room will also be the setting version of that kit and olfering a SW40+ and SW-10+ to the QRP-L 
for the first annual QRP Club Social. All QRP Clubs are invited to list. Mike Maiorans KF4TRD volunteered to keep a sign up list for 
bring a banner, newsletters, club kits for sale as well as membership the kit and manage the "course" registration. The initial run u ~ l l  he for 
application forms. QRP ARC1 would like to assist advertising QRP 1M first time course pariicipants with the tutorial to begin late March 
Clubs 21s well as being able to promote QRP Cluh Kits. I'm sure we will 1998. This Elmer Proiect mav be a wonderful basis for a QRP Cluh 
see some nice kits for sale from the NorCal QRP, New Jersey QRP. group project. So if you would like additional information vou can 
Columbus (OH) QRP, Knightlite's QRP Cluh and others. Mavk contact Mike KF4TRD at mikemoOibm.net 
with enough encouragement we'll see some kits from the ScQRPicms, QRP Elmer Event of the Year - "Four Days in May" QRP 
St. Lnuis QRP. QRP SncieQ of Central Pennsylvania. Minnesota Symposium 
QRP Cluhs to name a few. This is also an opportunity for a nnllmhcr of The lead otrevent of the QN' NlCl FDIM QRP Conference is the 
the newer clubs to pick up some ideas on Club kit proiects for their Thursday Mav 14, 1998 FDUvI QRP Symposium. The QRP S)mposium 
members. So come one. come all. Registration is not mandatory but was started in 1996 by the team of Bruce Muscolino W6TOY. 
please contact Jim Stafford W4Q0, the QRP ARC1 FDIM coordinator, Paulette Quick WB9VHF. Preston Douglas WJZV, Bob Follett 
Ibr further details (w4qo~an1sat.org). AB7ST and Bob Gobrick NOEB. In order to keep the spirit ofthe QRP 

QRP Elmering Syposium alive, the previous years team made a generous financial 
There has heen quite a bit of activity recently by QRP Cluhs to donation of past groceeds to facilitate QRP ARC1 incorporating the QRP 

officially set up "Elmering" programs with the goal of assisting new and Symposium into the full four days of high end QRP activities. The 1998 
old-time hams with the hohbv. 'There are so many topics that folks seek FDlM QRP Symposium will he ably handled by Ken Evans W4DU. 
help on - antennas, learning cw, building and troubleshooting kits, Cam Bailey KT3A, George Heron NZAPB and Bob Gobrick NOEB 
keeping abreast of new technology. In the January 1998 issue of the with coordination assistance from Jim Stafford W4QO. 
Colorado QRP Club "The Low Ihwn", Dennis Edinger WOGD and Of note this vear, will be the availahilily of the QRP Symposium 
Rich High WOHEP had a wonderful 1997 Year in Review of the CQC Proceedings at a low cost to the QRP ARC1 membership so that all 
"Elmer" Program. Dennis points out that a lot of the original Elmers for members can partake in the Symposium whether they are able to attend 
the program came from the active oflicers and as time went on those Dayton of not. Availability of the Pmeedings will be posted in the next 
officers identilied further Elmers at the monthly meetings and issuc of the QRP Quarterlv. 
contributors to the newslener. The CQC also helped identify Ilmers to So why will everyone want to get a copy of the Proceedings? Well 
their members from the QRP-L internet email list (it helps that two of for one good reason - the 1998 FDIM QRP Symposium uill have the 
'The Loam Downwn' featured writers are Paul Harden NASN and LB. best collection of talks from some of the greatest QRP Elmers. The 
Cebik W4RNL both famous Elmers on the QRP-I.). One interesting following is a preliminary list of the speakers and thcir talks. You be 
outshoot of the CQC Elmer Program was the establishment of a the judge - is this not a great line up of some of the best QRP Elmers in 
"Skyhook" team that assists QRP club members with dcslping and the world? 
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A Dozen Ways to See and Love Your Feedlines by L B. Cebik, Published lots of articles in 73 Magazine and in many of the c m t  
W4RNL QRP newsletters. Neither my wife nor my two sons will have anytlung 

~ - 

By organizing the ways in wluch we look at transmission lines, we to do with ham radio, thoughmy dogs tolerate it well. Will design for 
can better understand them. Therefore, we shall look at them 1. with a fun! Available on-line at n2cx@voicenet.com. 
tape measure, 2. with a protractor, 3. with a lost-power meter, 4, with an 
X-ray machine, 5, with a ruler and LCR meter, 6 ,  with a thermometer, "Alternatives to the Printed Circuit Board" by DickPascoe 
7. with a field detector, 8. with an SWR meter, 9. without a Smith Chart, GOBPS. 
10. with a calculator and a graph, 1 1. with p i n g  shears, and 12. with With this paper I intend to show prospective builders that a PCB 
a trigonometer. In the end, we shall learn to love our feedlines. is not a re-reqnisit of a finished product. There are many ways to build 

L B. Cebik. W4RNL. studies, designs, and builds antennas. He circuits and I intend to show a few of these. From the simple Dead Bug 
also stu&es and test antenna modeling s o h e .  He serves as Techmcal style to the WlFB favourite, the 'Blob Boar6 all will be explored. We 
and Educational Advisor to ARRL, and as internet coordinator for 10-10 will look at the above, but also Bread Boards, Tag boards, Pad boards, 
International. He writes for Low Down, QQ, Communications Hammer and nail boards and many others. 
Quarterly, and other publications. A ham since 1954, he is also Dick Pascw GOBPS is actively involved in QRP in the UK, both 
professor of philosophy at the University of Tennessee, Knoxville. through the G-QRP journal SPRAT as their SSB columnist but also, 

since 1990 as a monthly QRP Columnist in the British Journal 'Ham 
"The Rainbow Analper - A Low-Cost, Automated and Graphical Radio Today'. His book Tntmducing Q W  has been acclaimed by Rob 

Way to Determine Antenna Performance" by George Heron, Mannion G3XFD (the editor of the UK's Ractical Wireless Magazine') 
NZAPB and Joe Everhart. N2CX as "This book will become a QRP classic". Dick is also the sole member 

An exciting new project has been designed especially for the QRP of the UKs Kanga Products, QRP kit company. Dick promotes the 
community to construct an inexpensive microcontroller-based antenna G-QRP club at various events throughout Europe especially at the 
analyzer. A PIC-controlled VFO is coupled with the popular Rainbow Freiderichshafen hamfest amongst the various British ones he attends. 
TunerIBridge (1997 NorCal Design Contest winner) to automatically He is the QRP ARCI DX membership contact, and has been so since 
sweep a micropower signal through the ham bands while collecting 1990. Dick was inducted into the QRP ARCI Hall of Fame in 1997. 
SWR readings of the connected antenna. The frequencies of lowest 
SWR are c"lorl'ull! d~spla!ell on the handheld "nit's I.EDs, and "Modem Components for Homebrew Design  and Construction" or 
graphicall! on a PC through an opr~onal senal connection Them art "Oh, no! Not another NE602/LM38h project!" by C a n  Breed. 
many configurable aspects to the Analyzer - one of particular interest to K9AY 
many is a fully documented and available source code for the sofiware of This talk will presetlt some alternatives to the 'old standby' 
both the microwntroller and the PC data collection/display program. components trpically used in QRP projects. Some of these parts offer 
The FDIM presentation will feature discussion of the design (rf, PIC, improved performance, some have unique functions, while others just 
s o h e )  as well as live demonstration of the unit. add variety! Components have been selected from the worlds of digital, 

George Heron, N2APB is a Software developer/manager for over cellular, consumer and power electronics. If you're ready to explore new 

DSP applications to ham radio. Webmaster for the books and Applied Microwave & Wireless magazine. 
NJ-QRP Club (http://www.njqrp.org). Currently live in Sparta, New QTH- Grayson, Georgia 
Jersey with wife and five year old daughter, who constantly helps 
rearrange the radio shack! E-mail:g.heron@dialogic.com. THE G3RJV SM-PACK by George Dobbs G3RJV 

Joe Everhart, N2CX is a Senior engineer for several companies This presentation will educate everyone on six circuits and send 
in the commercial and military/aerospsce communications field every attendee away with something to build. The hasic mat&al is a 
Licensed as a ham hack so far it's painful to think about. (Hint - built printed circuit board, which each attendee will receive. The board 
my first beer can vertical in 1962.) Professional experience includes contains 6 projects and is grwved so each circuit will snap off. Each 
digital and analog transmitters, receivers, modems, antennas, etc, from project is a "one nighter" wbch can be built by anyone who has a 
150 Khz to 15 Ghz. These days involved in systems engineering for L-3 soldering iron and each is useful in its own right. The projects are a 
Communications. Ham-wise I love homebrewing, antennas and QRP follows (see photos) 
and love writing about it all. Have designed a number of pmjects 
including the Rainbow Bridge and Tuner and a bunch of Joe's Quickies. 1. A Plug and Play Transmitter 
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2. The Quick Receiver 
3. An Inslant SWR Meter 
4. A Diode Probe 
5. An LED Voltage Monitor 
6. A Crystal Checker 

George Dobbs G 3 W  is a world 
renowned QRPer and a member of the 
QRP Hall of Fame. He is an avid builder 
and author. Founder of the G-QRP Club, 
he also serves as editor of their excellent 
magazine, SPRAT. He is a regular 
contributor to Radcom and Practical 
Wireless. 

COHERENT CW - "The More You 
Know About a Signal, the Easier it is to 

Copy" 
by Peter Eaton WB9FLW and George 

Heron NZAPB 
Coherent CW is a communications 

mode relying on precise code timing and 
frequency stability to provide more than 
2Odb improvement in signal reception ... 
the ultimate QRPp operation! Invented by 
Ray Petit W7GHM, CCW has been 
around for more than 25 years and has 
been pmmoted since then by such notables 
as W d y  Woodson W6NEY, Ade Weiss 
WORSP, Peter Lamb W3IRM and Bill DI Carle VE31Q 

by the cwrent editor, Dave Luscombe, 
WSRIF. Recognizing that he does not 

I have the time to devote to the newsletter, 
Dave has asked me if I would take it over. 
I have fmally agreed. Therefore, effective 
immediatelv. the new editor of the MFJ 

I 90's NEWSLE'ITER is Paul Harden, 
NASN, PO Box 757, Socorro, New 
Mexico 87801 

I am planning on getting the next 
issue out in about a month (mid March) 

I with some content and format changes a; 
follows: 1. It will go to an 11x17 f & a t ,  
minted offset. 2. It will be folded to 
8.5x3.5 as a self-mailer, which will unfold 
into a 4-page 8.5~11 "booklet," already 
punched to store in a 3-ring binder. 3. 
Due to a lack of some technical 
info~mation for some time, this next issue 
will concentrate on aligrung the MFJ 
9000's back into peak performance, and 
some circuit theorylanalysis 4. Future 
issues will contain various modifications 
to the MFJs for better AGC, selectivity, 

8; relay replacement, adding an S- or power 
meter, etc. (Many of which I have added 

J to my own MFJ's). 5. Construction 
articles on making your own CW filter, 
adding a TiCK kever. etc. 6. Mods. 

. . * - a  0.m """#" - 
lal~mment and other technical inf-tion to the oow; 

Our presentation will focus on the lighter side of how thls teclulolog~ supply and antenna tuner for those who have the complete integrated 
evolved over the years, borrowing on anecdotal recountings, recordings station. 7. Other items of interest to MFJ owners, such as upcoming 
of on-the-air signal reception, and from audio tapes of some of these contests, news from MFJ, photos and o p t i n g  reports from MFJ 9000 
famous pioneers. Ihe  current state-of-the-art will be overviewed (use of users, etc., as the newsletter is also an open fonun to share mfo between 
PC and DSP technology), and a live demonstration will be given users. 8. And, basically whatever anyone wants to send me MFJ 90's 
showing CCW in action. A "CCW Compendium" will be provided to related :-) 
augment the talk wilh much of the technical background and theory of PURPOSE - The purpose of the newsletter is to share operating 
operation. This is guaranteed to be a treasure-trove of a talk! and technical information to those with MFJ 90's rigs. Furthermore, to 

Peter Eaton WB9FLW is a member of the St. Louis QRP Club elevate the reputation of these rigs out of the gutter and get them back 
and one of the founding members of the Tucson Amateur Packet Radio into some respectable light. Us MFls owners shouldn't have to be 
Association (TAPR) and head cheerleader for the TAPR TNC-1 and embarrassed to adnut we have one or two! Not everyone has the will or 
TNC-2 t d a l  node controllers kits. (bio by NOEB - sorry for any means to build QRP kits, and the MFJ rigs are the best bang-for-the- 
misinterpretation since Pete's bio was not received by press time -hi) buck, already built and ready to go monobanders you can buy. The*e 

built like a tank and have fairly goad performance. Sometimes they 
Additional Papers to be Announced prior to the FDIM QRP need a little attention, some alignment, some repair ... for which the 

Conference. newsletter is primarily intended. TLC for these overlooked rigs. 
The QRP ARCI FDIM 1998 QRP Symposium will be the QRP I have enough irons in the fue as it is, but I do believe it important 

Event of the Year - Don't miss it or the Proceedings. to see the MFJ 90 Newsletter continue. I look forward to starting on it 
and doing the best job I can ... and I thank those of you who emailed me 

ANNOUNCEMENT regarding the "MFJ90's NEWSLETTER" to encourage me to take it over. It made me realize how many MFJ 
[QRP Clubs should be aware of a great newsletter that just got owners there are out there, and how important the newsletter has been. 

better - the MFJ 90's Newsletter. I am posting this from the QRP-L and I hope to do it justice. For more information on subscribing to the new 
I believe that Paul Harden NASN will make this one, fust class, MFJ 90s Newsletter please contact Paul NA5N at 
reference to nll MFJ 90's owners. As many of you know, I am a big fan pharden@aoc.nrao.edu 
of the Rick Littletield KlBQT designed rig. This design was the 
grand-daddy of many of the NE-602 designs we see today and the basis Well that's it for this issue of the QRP Clubhouse. Next issue I'll 
for Emtecb's NW series of nice hts.  If you own an MFJ QRP rig (I have have additional posting on your QP.F Club activities. Please mail your 
three) then you can not be without this newsletter. (ed. note by NOEB)] club news and photos (jpeg would be great) to Bob Gobrick NOEB, PO 

If you have any of the MFJ 9000 QRP rigs (9040,9020, etc.), read Box 249, Lake Elmo, MN 55042 or email me at 
on ... rgobrick@worldnet.att.net. Also drop the QRP Clubhouse a note if your 

The "MFJ 90's NEWSLETTER' has been published for many QRP Club would like to exchange newsletters with the QRP ARCI. 
years as a service to owners of the MFJ 9000 series of QRP rigs. It has Cheers 73/72 Bob NOEB, QRP CLUBHOUSE. 
waned over the past year due to changing personal and job commitments What's the secret password? - "QRP" 
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Link-coupled-or iuductively-couplcd--antenna tuners v~rtuallv 
disappeared from the amateur market almost a quarter century ago. In 
their place came network tuners, most notably the C-LC Tee network 
and its variants: the Universal Transmatch of Lew McCoy, and the 
SPC brought to our attention by Doug DeMaw. Although these 
networks perform admirably with unbalanced (coaxial) cables, they 
require special accommodations for balanced (parallel) transmission 
lines. As a result, there is a gmwing new interest in linkcoupled 
tuners, along with a continuing interest on the part of many wire 
antenna users. 

Just as interest grows, the number of available link-coupled 
tuners continues to dwindle. Moreover, parts for such tuners grow 
scarcer. Along with the depletion in tuners and parts, there is also a 
scarcity in available information on the operating and construction 
principles underlying the link-coupled tuner. This series of articles is 
designed at least to correct the information part of the problem. 
Restoration of the parts supply and the inventory of complete units is 
another problem entirely. 

The Need 
Although numerous hams have found ways of adapting single 

ended antenna tuners to service with balanced lines, perfectionists see 
many remaining problems. Some tuners use baluns at their outputs, 
and these units may he (depending upon design) subject to losses when 
faced with highly reactive loads. Many of these baluns use a 4:l ratio, 
which can give the tuner added problems when it is presented with 
very low load impedances. A few operators have gone so far as to 
carefully measure their parallel transmission lines so as to present a 
200-ohm load with a mild capacitive reactance that is tuned out with 
an external capacitor across the line. 

Some hams have attempted to avoid balun losses by placing a 1 :I 
balun at the source side of the tuner and floating the unit to provide a 
nearly balanced output to the load. Common-mode cwents continue 
to be a problem in many installations. 

Rarely have hams attempted to build balanced networks for their 
tuners. Balanced Ls, Tees, and PIS are certainly feasible, but at a cost. 
In some schemes, component values double; in others, mechanical 
linkages present construction complexities. Such units remain rare. 

For many hams, the tuner of choice for parallel transmission line 
systems is the inductivelycoupled tuner. It yieldss efficient power 
transfer to a naturally balanced output. Moreover, it provides a degree 
of isolation from the line due to the inductive or magnetic coupling. 
This latter feature often suffices to attenuate out-of-band RF from 
strong local sources. 

However, not just any old tank and link will make a satisfactory 
tuner. We have largely forgotten the fundamental principles behind 
good tuners of this type. Perhaps the high point of available 
information was in the 1960s. In my own collection of old ARRL 
Antenna Books, the 9th Edition of 1960 contains an account that is 
both mathematically and practically superior to the account of my next 
older edition, the 7th of 1955. By the 13th edition of 1974, much of 
the material had been digested to make room for the single ended 
network and baluns and has remained essentially unchanged since that 
time. The link coupled transmatch still in the 18th edition of the 
ARRL Antenna Book of 1997 is the same as that in my 1982 ARRL 
Handbook (although few have noticed that the front panel photo has 

changed appcarancc over the years, wlule thc top view shows the 
original unit). 

'lhese notes on the evolutionary ups and downs in available link 
tuner information are not at all a criticism of ARRL publications. 
Quite to the contrary, other handbooks in English present considerably 
less information on these tuners and their principles. Yet the 
information is available from a combination of sources. The 1960 
ARRL Antenna Book account is, of course, crucial. One source 
especially useful on inductive coupling is George Grammeh A Course 
in Radio Fundamentals which ARRL published as a full text in 1972. 
The source b e h d  this treatment--as it is for so many other matters 
relating to radio fundamentals-is Terman's Radio Engineers' 
Handbook. They all make good reading for those interested in going 
beyond the treatment presented here. 

So perhaps it is time to go back to the beginning and reintroduce 
the link coupler from the ground up. Nothing in these notes will be 
new, but only a restatement of principles and practices gleaned from 
the sources. At most, I shall be adding some tables and examples to 
the acwunt in order to give the applicable equations some real 
meaning. The tables may also allow those who do their math 
intuitively a chance to see the trends of values to permit more accurate 
ballpark extrapolations. Moreover, I shall not try to give a fully 
integrated mathematical acwunt, but simply present certain of the 
most useful equations that either explain tuner operation or permit 
calculations useful to constructing such tuners. Since most will be 
practical simplifications, there will be gaps in mathematical 
progressions of derivation. But then, our aim is to provide-so far as 
possihle-a practical groundmg in inductive tuner principles. 

What's in a Name 
We call the line-to-transmitter matching device a link-coupled 

tuner, which it is and isn't The name arose in the days before PI 
network outputs. As shown in Figure IA, older transmitters used a 
parallel-tuned output circuit, with energy coupled to a low-impedance 
secondary. Often, the secondary coil was connected to another such 
coil, which in turn was coupled to a high-impedance parallel-tuned 
circuit used to match the high impedance of the antenna. The link, as 
such low-impedance-to-low-impedance coils were called, might be 
something as simple as a hvisted line. Such circuits were equivalent 
(assuming zem losses in the lmk) to a direct coupling between the two 
tank coils, as shoun in Figure lB, with theoretically calculable 
adjustments of values. Few hams made the calculatious because it was 
simply easier to adjust the number of turns in the link coils to achieve 
maximum power transfer. 

In isolation, the antenna tuning unit (ATU) shown in Figure 2, is 
an inductively coupled impedance matching network. Even though 
networks dominate the output circuits of modem transmitters, the 
concept of coefficient of coupling may still be applied to the 
inductively coupled circuit, and to that degree it is still correct to call 
these ATUs link-coupled tuners. 

However, the old name often cames with it an attitude: the 
small coil is merely the link and as such is not of great importance. 
Calling the unit an inductively coupled impedance matching network 
gives equal importance to both the primary and secondary inductors. 
That is crucial for understanding this class of ATUs. 
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We shall keep the old name, since that is only a war of words, go and is said to he 1. All other situations will have a coefficient of 
hut we shall lose the old attitude. That way, the link coupler and the coupling (k) of less than 1 
inductively coupled impedance matching nehvork will become one and 
the same. Now if we only knew what is going on with inductive M 
coupling, we would be in good shape to understand the link coupler. 5 k = -  

Inductive Coupling: Back to Basics &z 
When any two coils are positioned such that the magnetic lines 

of force of the one which is connected to a source of RF energy cut 
across the tums of the other coil (assumed to be connected to a load), 
energy is coupled to the second coil. The expanding and collapsing 
field of the fust coil provides the changing magnetic field necessary to 
induce a voltage across the second coil, with a consequential current 
flow through the load. 

Two key concepts arise in this connection. The fust is mutual 
inductance (M), that is, the voltage induced in the second coil by the 
rate of current change in the first. M is measured in Henrys, just as is 
the inductance of the coils. Often neglected is the fact that mutual 
inductance can be measured. First measure the inductance of the two 
coils individually and well apart from each other. Second, fix the 
positions of the coils with respect to each other, connect the coils in 
series, and measure the total inductance. Finally, reverse the series 
connections and remeasure the inductance. Note that inductance- 
measuring devices ordinarily use an internal alternating current signal 
source to make their measurements. 

If the two coils as positioned have any mutual inductance, as 
illustrated in Figure 3, then the two readings will differ, one being 
larger than the sum of the inductances of the coils as measured 
independently, the second smaller than that sum. The larger readmg 
(L,,) records the coils connected so that the fields are said to aid each 
other; the smaller (L,,) records the connections that oppose each other. 
In fact, the readings express some precise relationships: 

where all values are in Henrys or in fractions thereof. By some easy 
combmation of the equations, we get 

again, in Henrys. 
The importance of reviewing this very basic idea is to establish 

the sipficance of mutual inductance in the coupling of energy in a 
magnetic circuit. Because M is a real inductance, it also has a 
reactance (X,) associated with it for any given frequency, which we 
calculate in the ordmuy way: 

where X, is in ohms, M in H q s ,  and f is the frequency in Hertz. 
Mutual coupling increases as the coils are brought closer 

together or positioned so that more lines of force from the source or 
primary coil cut across the turns of the load or secondary coil. If we 
use magnetic materials, such as iron cores as power line frequencies, 
the value of M can reach close to the square root of the product of the 
two individual inductors. In fact, the square root of the product of the 
inductances of the two coils defmes the highest possible value for M. 
Under these ideal conditions, the coupling is as high as it can possible 

Air wound coils, no matter how closely coupled, will have a 
coefficient of coupling well below I .  For most cases, values of k from 
0.3 to 0.6 are common with air wound coils. Table 1 provides a 
sampling of some variations in k and M with different values for L, 
and L,. 

One misconception is that a lower coefficient of coupling implies 
that less than full power is being coupled from the primary to the 
secondary circuit. This is incorrect. The value of k is simply a very 
convenient way of helping to calculate various factors involved in the 
transfer of energy or in impedance matching. What is correct is this: 
the rules we learn to use with power and other transformers with high 
coefficients of coupling do not apply to air wound coil pairs with lower 
coefficients of coupling. Hence, the technique of using the tums ratio 
to calculate voltage, current, and impedance ratios must be set aside 
for inductive coupling with air wound coils. 

Transformers with strong magnetic core materials not only 
achieve high coefficients of coupling, hut tend also to be frequency 
insensitive within the working range of the core material. Thus, we 
can build wide-hand transiormers for radio work by employing either 
ferrite or powdered iron materials in a toroidal core. Llke the 
laminated iron cores of power transformers, these cores concentrate 
the magnetic lines of force within a very tight area surrounding all the 
turns of the primary and secondary coils. Air-wound coils have more 
widely spread magnetic fields. They tend to retain their energy 
transfer characteristics over a much narrower frequency range in ways 
related to the reactance of the coils. 

Simple (Untuned) Inductive Circuits 

Figure 4A shows the simplest inductively coupled circuit, with a 
resistive source and a resistive load. The inductors are designated L, 
and L,, as primary and secondary coils for the circuit. Because the 
circuits are coupled, the coupled impedance from the secondary 
appears in the primary in the form of series components. The values 
for the series resistance (R3 and reactance (XJ can be approximated 
from the following equations: 

where X, is the reactance of the mutual inductance, R, is the 
secondary circuit resistance, and X, is the secondary circuit reactance. 
Figure 4FJ shows the coupled impedance factors in place. 

For example, suppose we use an inductor pair (taken from 
a table of recommended values) where L, is 1.2 pH and L, is 12 
pH. X, will be 528 R at 7 MHz. Add a load resistance of 1500 
R. W e  shall assume a coefficient of wupling (k) of 0.6. From 
equation (5) transformed, M = 2.3 pH, and the value of X. is 100 
R. Under these conditions, using the equations above, the 
coupled ~ l u e s  in the primary will be RA = 5.9 R and XA = 2.1 R. 

Note that the reactance of the secondary which is coupled back 
to the primary is numerically equal to the transformed secondary 
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reactance, but of the opposite sign or m. Hence, the reactances 
cancel in part. Ideally, selection of the right values for the two 
inductors and the right coefficient of coupling would provide a 
resistive load for the source. 

In order to effect a match between the load and the sowce, both 
the mutual inductance and the reactance of one of the inductors must 
be varied, a highly impractical situation. I have passed along these 
equations only to demonstrate the reversal of reactance sign in the 
mutually coupled reactance, a factor that will be of importance in 
practical link-coupled circuits of only slightly more complex design. 

Coupling With a Tuned Secondary 
Figure 5A shows the more commonly used inductively coupled 

circuit: an untuned primary circuit with a resonated secondary circuit. 
For resonate circuits, the Q is determined almost wholly by the load 
resistance relative to the reactance of either the coil or the capacitor 
(which are equal) at resonance. The resistive imp=dance of a resonant 
parallel tuned circuit is very high, and the lower load resistance in 
parallel with the tuned circuit largely determines the coupled 
resistance into the primary. 

The loaded Q (Q,) of the secondary of Figure 5A is given by 

where X is the reactance of either the coil or the capacitor at 
resonance. For example, if the resistive load is 2500 ohms and the 
reactance of the coil and capacitor are each 250 ohms at resonance (a 
common value), the loaded Q is 10. 

For loaded Qs of 10 and better, simplified equations are possible 
with little error. With lower values of Q,, some error will results, hut 
not outside the range of the variable components. One way to show 
the resistance coupled back to the primary (R,)-shown as a series 
resistance in Figure 5B-is with this expression: 

where X, is the reactance of the mutual inductance, R, is the resistive 
load on the secondary, and X, is the reactance of the coil at resonance. 

If we use the same  coil values as earlier, 1.2 pH and 12 
pH, for the primary and secondary coils, along with the 
presumed coefficient of coupling, 0.6, we may obtain values of 
100 n for & and 528 R for X, at  7 MHz. The requisite capacitor 
to resonate the circuit a t  this frequency is 43  pF. With a load 
resistance of R, = 1500 R, Q, = 2.8. Since the loaded Q of the 
circuit is well under 10, the calculations from this point onward 
will provide ballpark guidance, n d  accuracy, since the equations 
employed are  intended for use with circuits with loaded Qs of 10 
or more. However, employing equation (9), we derive a value 
for R, of about 54 R. 

Notice that in figure 5B we have a primary impedance consisting 
of a resistance (desired) and a reactance (not desired in matching 
circuits). The reactance of the primary inductance remains 
uncompensated because the tuned secondary is wholly resistive. To 
make the primary impedance wholly resistive, we must alter the 
component values of the tuned circuit to permit it to show a small 
inductive reactance. From equation 7, we know that the transformed 
and coupled value of this inductive reactance will be capacitive, thus 

cancelling the inductive reactance. What is lee will be a pure 
resistance. 

?he procedure employed is normally derived empirically rather 
than calculated. We tune the secondary circuit to a higher frequency 
than the operating frequency, normally by reducing the value of 
capacitance and thereby increasing the value of capacitive reactance to 
the increased value of the fixed inductor at tlus higher frequency. The 
parallel resonant secondary circuit at the original (slightly lower) 
frequency will show inductive reactance, just what we need to couple 
back to the primary, where it appears as a capacitive reactance in 
series with the reactance of the primary inductor. With the correct 
selection of secondary values, the primary reactances will cancel, 
leaving a purely resistive impedance for the primary circuit. In the 
process, the value of the resistance coupled back to the primary will 
not change by very much at all. 

Because we are now using ballpark equations at low operating or 
loaded Qs, any calculation of this phenomenon will not be precise. 
However, if we walk through the process a couple of times, we can get 
a view of the trends and understand how things work. The standard 
equation for determining the reactance of a parallel combination of L 
and C, when transformed into reactances X, and X, for the frequency 
in question, is 

where X, is the resultant reactance that is in parallel with the load 
resistance, R,. 

Using the same example we have been tracking, we can 
plug simplified series transforms of these parallel values into 
equations (6) and (7) and obtain something like the values in 
Table 2. Although these values are not precise by any means, 
they do show that as we increase the resonant frequency of the 
parallel resonant secondary circuit, the capacitive reactance 
coupled back to the primary increases steadily, while the 
resistance decreases very slowly. The right combination of 
values will eventually yield a purely resistive input impedance, 
although the coefficient of coupling might have to be altered to 
keep the value of R, close to 50 R. Remember that in equations 
(6) and (7), the numerator is xM2, and mising its value will raise 
the values of both the R, and X,. However, the example 
employs a value of k of 0.6, already close to the limit of what is 
feasible with air-wound inductors. 

The purpose of this exercise in equation-mongering is to provide 
you with an understanding of some of the basic pnnciples of link- 
coupled tuners. More exacting forms of the equations applicable to the 
low values of loaded Q o h  encountered in ATUs are available. We 
have restricted owselves to these convenient approximations because 
the evolution of practical coupler circuits has largely proceeded by 
workbench experience. If this brief amount simply makes you a little 
more comfortable dealing with inductively coupled circuits and 
convinces you that they operate in accord with pnnciples that do allow 
us to calculate necessaq values, it will have served its purpose. 

The next step is to begin wending ow way through typical 
inductively coupled circuits in order to see how some of the 
enhancements work. Unlike many other accounts of tuners, we shall 
start where the transmitted signal starts: on the input side of the tuner. 

L.B. 
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Sample Values of M and k With Sundry Values of L1 and L2 

L1 L2 LTA LTB M k 
Values yielding k = 1 
5 5 20 0 5 1.0 
8 4 23.32 0.68 5.66 1.0 
10 1 17.32 4.68 3.16 1.0 
Values yielding M = 2.5 
5 5 15 5 2.5 0.5 
8 4 17 7 2.5 0.44 
10 1 16 6 2.5 0.79 
Values yielding M = 1.0 
5 5 12 8 1.0 0.2 
8 4 14 10 1.0 0.18 
10 1 13 9 1 .O 0.32 

Note: Values of LI, L2, and M are inductances and may be read as 
Henrys, milli-Henrys, or micro-Henrys, so long as the unit of measure is 
the same for L1, L2, and M. 

Table 1. Sample values of M and k with sundry values of L1 and L2. 

Sample ~ a i u e s  of RA and XA as the Secondary is Resonated at Higher Frequencies 

Resonant Parallel Parallel Series Series Coupled Coupled 
Frequency Resistance Reactance Resistance Reactance Resistance Reactance 
FMW RL (a) XP (Q) Rs (Q) xs (Q) RA (a) x~ 

7.0 1500 -- 186 54 -- 
7.3 1500 6590 186 42 51 -12 
7.5 1500 4090 186 68 47 -18 

Note 1. Resonant Frequency refers to the resonant frequency of the parallel tuned secondary circuit and is 
altered by reductions in the capacitance, while maintaining a fixed value for the inductor. 

Note 2. Because simplified calculations have been used, the table is useful only for noting the trends in 
values. Actual values will vary considerably due both to the the low loaded Q of the circuit and the variables 
of actual coupler construction. 

Table 2. Sample values of RA and XA as the secondary is resonated at higher frequencies. 
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A. Actual link-coupled circuit 

MI M2 

MI M2 
L1 +L2 

L'p = Lp - 
MI'' 

L1 +L2 

L's = Ls - M2' 
L1 +U 

6. Equivalent circuit (zero link losses] 

Fig. 1 The "true" link-coupled circuit. 

L2 

Transmitter Feedline 

Fig. 2 A typical basic inductively coupled antenna tuning unit. 
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L1 

M  

U 

L1 + U + 2 M  L1 + U - 2 M  

Fig. 3 Inductors with aiding and with opposing fields. 

A. Actual circuit 

Source m l a d  Cs 

Source m:oad cs 

Ra 

8. Equivalent circuii with coupled resistance 
shown in primary 

Fig. 5 The tuned-secondary inductively coupled circuit. 

A. Actual circuit 

Source Rn [-+Lad 

rkkd 
Source 

Ra 

8. Equivalent circuit with coupled resistance 
and reactance shown in primary 

Fig. 4 The untuned inductively coupled circuit. 
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Members' News queries about its meaning. Even though it's impossible to 
tell "n" from " N  in Morse code, for some reason opera- 
tors are curious about the derivation of "nu" in my call. 

Richard Fisher, nu6SN I'm more than happy to tell them, and it's also a great 
1940 Wetherly Way entre to tell the stow of some titans of ORP who were 
Riverside, CA 92506 
le-mail: nu6SN@aol.com) .~ ~ - 

One QRPer's story: nu6SN 
Pleaie allow me to devote a few paragraphs in this 

auarler's M N  lo exDlain the new callsian you see at the - .  
head of this column. 

Indeed. in the aenre of contemwrarv call letters it looks 
a bit odd.doesn'fit -lowercase "nu,"-and all? For radio 

amateurs in general, and QRPers in 
particular, though, it's nothing new. 
Quite the contrary: Lowercase pre- 
Exes were around before the "W." 
" K  and "N" we're so accustomed to 

g,, . i! today. 1 A callsign scholar I am not. But 
this revelation just kind of tumbled 
out - along with a bunch of other 
fascinating stuff - as I was reading 
"The History of QRP in the US., 
1924-1960" a fabulous book by Adri- 

nu6SN an Weiss, WORSP. A copy should be 
in every QRPer's library. 

Richard Fisher Published in 1987, this wonderful 
chronicle of the U.S. QRP movement tells the story of such 
low power pioneers as Robert S. Kruse, 1XAQ; L.W. Hatry, 
10X; F.H. Schnell, W9UZ; F.E. Handy, WIBDI; E.L. Bat- 
tey, WIUE; and many, many others. 

It was QRPers' stories from a 20-month period in the 
mid-1920s, though, that really piqued my interest in ob- 
taining a new callsign. 

During that time, low power operators - along with the 
whole amateur community - had been making transcon- 
tinental contacts with relative ease. Soon the number-and- 
letten scheme of stat~on ident~fication was causlng mas- 
sive headaches and confusion. Was the station slenlna 6SN. 
for example, from the United States, Japan or ~Featkr i t -  
ain? There was no easy way to tell. 

In January 1927, the executive committee of the Inter- 
national Amateur Radio Union made a bold Dronounce- 
ment i n  QST magazine It had set up a system of two-letter 
"lntermedlates." sneclal orefixes to ldentlfv the locatlon of ~. . 
a~calling station by contiient and country.   or U.S. opera- 
tors, the IARU designated "n" for North America and "u" 
for United States. So the western U.S. amateur signing 6SN 
became nu6SN; 6SN from Japan became aj6SN (AsiaIJa- 
pan); from England it was eg6SN (EuropelGreat Britain), 
and so on. Problem solved. 

In literature of the period, the "intermediate" prefixes 
appeared in lowercase letters. 

One of the real QRP heroes in Weiss' "Htstoly" is Col. 
Clair Foster, nu6HM - whose achievements inspired me 
to apply for nu6SN. 

On October 1, 1928, U.S. amateurs were directed by the 
IARU to use " W  and " K  prefixes, and the "intermedi- 
ate" program faded into the band noise. The stories from 
the mid-'20s. though, made an indelible mark on me. 

Since receiving this new callsign. I've had many, many 

making their mark in the 1920s. 
"The Historv of ORP in the U.S.. 1924-1960" is available 

for 515 shippeh firsi class in the US.; $10 for senion; $19 
DX. To order. write: Adrian Weiss. WORSP. 526 N. Dakota 
St., ~ermillion, SD 57069. 

It's great reading, and certainly adds perspective to the 
U.S. radio amateurs' contribution to the QRP community 
we have grown to become today. 

- R. E. F. 

Passion renewed: Bling on the QRP 
Mlchael Sealfon, WA20CG, writes from Kent, WA, 

that "after being licensed since 1960.1997 was mv most 
exciting and ch:illenging year to dare for amateu; radio. 

"U'ith the recent award of the coveted DXCC-CW certifl- 
cate, working 'new ones' to increase my country total was 
not sustaining my radio interest. 

"Enter my 'Elmer,'John Shuster, K'IMP, of Port Or- 
chard, WA, who graciously gave me a new MFJ-9020 
(QRP &ansceiver). All it took was one weekend on a 
camping trip and the QRP-bug took hold. 

"Soon he 'donated' an OHR-400. LDG Tuner, and a Nor- 
Cal-40 and I was really in business. I quickly assembled a 
travel box which included the OHR-400 LDG Tuner, an 
MFJ electronic keyer, earphones, a 4 ampere power sup- 
ply, and a lifetime supply of power cords. 

"The antenna farm included three flavors of Hamstiks 
for 20-40 meters and a 20 meter dipole. The box has been 
well traveled during the last nine months - including trips 
to Alaska. Oregon and Arizona. 

"Mobile operation from numerous Washington camp 
sites was accomplished from the tailgate of a Jeep Chero- 
kee Sport. This set-up was used for QRP to the Field in 
Spring 1997 and proved to be very successful. 

"Field Day '97 operation was from our stepson's dining 
room table in Tuscon using the NorCal-40, MFJ 4111 bat- 
tery pack, and a 40-meter Hamstik and put a decent signal 
into the Los Angeles area. 

"The highlights of the year included a very successful 
November CW Sweepstakes QRP score of 10,800 points; 
portable operation from an Anchorage hotel room with 
the NnrCal-40 and a 40-meter Hamstik located inside the 
room. Working into 6-land with this set-up was a rush! 

"Now I need only Mississippi for QRP Worked All 
States. 

"I'm looking forward to (this year) and QRP to the 
Field, FYBO Winter QRP Field Day and so much more. 

"QRP operation has really brought a new dimension to 
this special hobby, such thai each iiusiness trip becomes a 
'mini-DXpedition.' Just bring on more sunspots!" 

fleld operations in QRP Afield 
Erlc McFadden, WDBRIF, sends e-mail that "two mem- 

bers of the SE Ohio Radio Adventure Team participated in 
the NE QRP Afield contest from Highland Park in Athens, 
OH using the callsian WDBRIF. I was to anive first. to be 
met by ~ l k e  ttansgen, AABEB, later. 

"I arr~ved on silt iihout I!IIIOZ to find the ~ a r k o v e m n  
with young children attending a birthday psty which oc- 
cupied the shelter house. 
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QRP ARC1 Contest 
Manager Cam Hartford, 
NGGA, listens intently as 
h e  operates during the 
club's Fall QSO Party in 
October 1997 from a 
hotel room in Concord, 
CA. Hartford w a s  among 
hundreds of other 
QRPers attending the  
West  Coast QRP 
Symposium, sponsored 
by the NorCal QRP Club 
and held in conjunction 
with Pacificon. 

"Undaunted -well, not very daunted - I threw a line 
over a tree far from the shelter house, hoisted up the 20 
meter dipole, and set up the QRPT in a lawn chair 1 had 
brought. Sifting in another lawn chair, holding the paddle 
and Gg in my rap, I started making QSOs about 20052 and 
had a aood run for about an hour. 

. .~<nng thls good run, the weather became more and 
more threatening. and it got colder and windier. By 2108Z 
I had worked about all th; 20 meter stations I coulh hear 
and my CQs were going unanswered, so I decided to 
switch to 40 meters. I dropped the 20 meter dipole intend- 
ing to pull the 40 meter dipole up on the same tree, and 
suddenly realized that the birthday party was over and I 
was alone at the Dark - the shelter was available. 

"Whlie I attempted to throw a line over a tree near the 
shelter, the wind really p~cked UP and the clouds got scary. 
so I packed everything up, just in case the skies opened. 
and waited for Mike to arrive or to call on the repeater. 

"Mike arrived about 22002, and while we discussed 
whether to brave the elements, the sky cleared, the sun 
came out and the wind died. We auicklv erected the 40 
meter didole, and set up the QRP; In t ie  shelter house. 
We worked 40 meter CW until 23462. at whlch time we 

"This was a very fun event, and I look forward to next 
year!" 

SCORE: 
Number of QSOs: 39 

Points/QSO: 4 (Aeld location using high power QRP) 
Multiplier: 18 (States/Provinces/Countries) 

Total: 2,808 points 
STATION: 

Index Labs QRP+ at 5 watt 
lOAh gel cell 

Idiom Press Super CMOS I1 keyer 
Whiterook paddle 
20 meter dipole 
40 meter dipole 

The QRP lceland-man cometh 
Joel Malman, WAIQVM, writes from Concord, MA, that 

he "had a urettv aood time with the 1997 CO WW contest. . ... 
h'aturnlly, when you try to work QRP on a band (15 
meters, filled with OR0 - you are not going to be able to 
run stations and a ldt of tim& there wilibe i0 minutes 
between QSOs. 

were almost literally chased away from the key by the "Most memorable contact: Came across TFSIRA 
mosquitoes. (Iceland, Zone 40). He was packing quite a pile-up. 

"In all, we made 39 QSOs: 13 on 20 meten and 26 on 40 "Mv mess was that Zone 40 (Greenland. Iceland. and all 
meters. I made all the QSOs but one. Stations were worked 
in FL., TX (8!), NM, OK, CO, NY, AL, MN, NJ, MO, AR, MI, 
GA. IA, NC, and MA. 

the ickCer@ to the north) were'needed by just about 
everybody. 

"Even though there was a pile-up, he was running 
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stations pretty good, everyone in the queue was pretty 
nice, you put in a call and you got the Q. 

"So I put in my call. Nothing. Call again. Nothing. Called 
about 10 times. Still nothing. Geee, I'm not really that far 
from Iceland, I should be able to work him. 

"Hummmm, started to think about Fox huntlng. 
Decided to QSY (up) about 300 Hz. Tail ended a G3 and 
bineo: an Iceland ~ e l t  on the first call at the new 
fre{uency. 

"Sure is nice when 4 watts and the hidden dipole breaks 
into the pile up! 

"Credit for this one goes to the foxes for making us 
hunters better!" 

QRP key (paddle) to success 
"Well gang." writes Preston Douc!las. WJ2V. from 

I 
- .  

~awren&. k ~ .  "(my Nor(3l Paddles) won't win the big 
beautv contest when held uo again?t [he ones the fellen 
are doing withgraduated r6ug&, but they are certainly 
handsome enough next to my Benchers, my borrowed 
square-based Vibroplex, my old beat-up Hamkey, and my 
shiny-but-chintzy MFJ imitation bencher paddles. 

"And the NorCals feel as good as any of them. Matter of 
fact, I got lucky because the magnet press-fit in place by 
flrm hand pressure - that's accuracy in machining! 

"And the bearing clearance on the dit paddle was 
perfect. That made it easy to see the amount of clearance 
I could shave down to on the dash paddle. 

"I did three passes with the fine triangular flle on the 
bearing; tried it; it was better, but not quite. . . So, off it 
came again, for three more strokes with the flne file, 
resulting in removing, in all, barely enough to see new 
metal, and it was perfect when I put it back. 

"I could see wobble along the length of the arm when I 
tried to "send" (mostly rocking in the vertical plane) when 
the bearing was a mite long. This wobble will disappear 
when you have it right, but geeze, you have to be careful 
not to eo too far. 

I 
~ ~ "~ ~~ ~ ~ 

"When you have it right though, and the contacts are 

I set. and the magnet disrance is adjusted, those little 
paddles are really excellent. No toy this one. They almost 
don't move between open and closed on each side. 

"Thanks to both Dougs (Hendrlcks, KlBDS and Hauff, 
KEBIRE) for brilliant and tireless work, and Wayne 
Smnh's (KSFF) design, and Paul Harden, NA5N, (who 
illustrated the N o e l  Paddle kit's manual) and Jim 
Cates, WABGER. I figure (these) guys can do almost 
anvlh~ng 

I lhink (they) ought to do a NorCal kit for a laster-than- 
light ship, or a time machine or something useful like that. 

I I figure ithey) can get [he kit prototyped by the spring, 
and sell it for len than a hundred without the caqe. I'd buy 
one. I'll just make my check payable to Jim Cates." I ORP miles and ~erslste~~ce 

I 
~ - ~- ~ 

' ~ o h n  Pendrey, );LODE, writes from Kodlak. AK that 
" th~?  has 10 btr the most challenging and personally 

I rewardine hobbv a person could stumbleinto. In the ~ a s t  
two days.i have'bein busy on the SSB side of 20 meters, 
(my CW module for my MFJ 9420 is still broken). 

"I talked with JAIWXP, JA7QVK, and JAlCG yesterday 
and was feeling quite good about my efforts with 5 watts. I 
was never told about the sounds of disbelief from the QRO 
operators at the other end. 

"This morning, as I was watching the sun rising on the 

I The QRP Quarterlv 

Veteran QRPer and QRP-L administrator Chuck 
Adams,  K5F0, left, laughs as h e  announces  to 
fellow low power enthusiasts,  t he  selection of Jim 
Cates,  WAGGER, center, and Doug Hendricks, 
KIGDS, right, as joint recipients of California Ham 
of the Year at the West  Coast QRP Symposium 
during Pacificon. 

snow covered mountain outside my shack window, 
(insnirine). I was startled to hear Bruce. VK4AMV calline 
for ihe f&abic net. He was not getting any response, so r 
decided ro artemot it. lle answered back after mv first 
call. He was 5~5 'and  gave me a 2x4. I'll take it. k e  is in 
Brisbane, Australia - 6662 miles for 1,332+ miles per 
watt! So why didn't I do this 20 years ago when I first 
started reading? Sure makes these snow and ice covered 
mornings go by faster." 

John's station includes an MFJ 9040 at 4 watts and an 
MFJ 9420 at 5 watts SSB. 

QRP 'huntlng' skills pay off 
Joe ~ e r v a l s ~ ~ ~ 7 l l ,  of Goodyear, AZ, wrltes that 

"somerime? ;l harking cough that keeps you up all night is - - . . - 
a good thing. 

"Around 2 a.m. (09002) my rig was calling to me, so 
flgured what the heck - let's see what 40 meters is up to. 

"Found a small pileup on another P4 (Aruba) and 
worked him (2 P4s in a week) tnen stumbled around and 
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heard a very faint call. About as faint as (the Fox) KBCV 
several hours earlier. 
"Hmmmm. Conditions were slowly picking up. Hang in 

there. Helshe's calling CQ. No takers. Almost got it .  . . 
SM4BNZ in Sweden! 
"Mmmmm. Now all I had to do was work 'em. My first 

Swede if I can pull it off. Fire off my call. Nope. Still 
COinn. 

 hothe her shot. Nope. Signals slowly building. Third try 
- BLAMMO! 

"Well, almost - I get a 'QRZ?' but at least I winged the 
critter. Send my call a few more times and. . .YES! We 
have a nice chat for 10 minutes. He's running 100 watts to 
my 5 watts. 

"Man, this op has good ears! The weather there is cold 
and overcast. Kind of figured. His QTH is Hammar, which 
doesn't show up in my very complete atlas, but I'm sure I 
copied it right. 

"Conditions are tough so we sign off, and immediately 
half a dozen U.S. hams are calling the Swede. I smile to 
myself. 

"Then it hits me. This was Fox hunting! All the little 
tricks and skills I'd picked up during the countless foggy 
nights of chasing Elusive Funy Ones (during the QRP-L- 
sponsored Foxhunts), I'd just used 'em all. 

"The pileup techniques let me beat a small pack of QRO 
ops to work Aruba on mv first call. The shamened 
listening skills let me finb and work a DX station before 
anyone else knew there was an SM4 on the air! 

"So you see, even if you aren't carting around piles o' 
Fox Pelts, you can win (and win big) by joining the Pack 
in the Fox Hunt!" 

C6A: Where on QRP man is an Island 
Hank Kohl, KBDD, writes from Port Huron, MI that he's 

"finallv back home after a week in the Bahamas - wife 
included! -and then 2% weeks in Springfield and 
Chicago, IL for work. 

Here is the list of IQRP stations that I worked (as 
KBDD/C6A QRP) outside of the CQ WW CW contest. 
These are all 2-way CW, 2-way QRP contacts on 40 meters. 
I hope I got everyone in the log with a IQRP who I 
recoenized or who siened with-the IORP' - ~ ~ - - - ~ -  - ~ - -  . x--- . 

M 2 ~ ,  A B ~ U A , ~ ~ M H S ,  K501, KSTF, K5ZTY, KBCV, 
KAJWTF. KU7Y. N2VPK. N3AT. NJAZH. N40FA. N4ROA. 
N4S0, N ~ D D ,  NFOR, N Q ~ X ,  NLI~N, V E ~ ~ L A ,  W&H, 
W2UX, WJMWY, W4GNK, WBTYX, WSNIP, WAIQVM, 
WBBE and WSBD. 

The rig wa? my TS-50s at just under 5 watts and a 
Cushcraft 2 element yagi at 50 feet. Excellent signals. My 
'totals outside of the contest were: 
CW: 498; SSB: 88. About 100 were CW QRP. 

In the CQ WW CW contest KBDDICGA was Multi-Single 
with ACBW, NBKR and me operating. We made 4,066 
QSO's after dupes, 113 Zones and 345 Countries. 

The QRP stations in the log are: M I M E ,  M I M I ,  M 2 U ,  
M 3 G M ,  EA'IAAW, NZ5A, WOWEP, WBIRL, WBSFF, 
W 9 1 U  and W9NIP. 

The radios used were IC-751As and a Hy-Gain 5 element 
tribander, the 2 element yagi, 80 meter and 160 meter 
diDoles and an R7000 vertical. 

Thanks a lot to all the QRP stations that worked us in 
the contest and worked me oulside of the contest. It was 
great to hear calls from the (QRP-L) list. 

The Bahamas is a 250 watt output limit country, which 

Part of the f u n  and fascination of QRP comes in 
hearing of the experiences, challenges and 
success of others. And telling your story is part of 
that natural process. 

Why not drop a card, letter, photograph or 
e-mail to Members' News? Sending off a few lines 
takes only a few minutes. Putting it in the mail or 
on the wire is painless, and the camaraderie it 
invokes in the QRP community is a substantial 
payback. 

Here are the only mailing addresses you need: 
Rlchard Fisher, nu6SN 

Quarterly Members' News 
1940 Wetherly Way 
Riverslde, CA 92506 

(e-mall: nu6SN@aol.com) 

to some is QRP! 
It sure is great to be on the "other side of the pile-up" 

and hear a QRP station break the pile! 

High-flylng QRP beacon 
Paul Stroud, M 4 X X ,  writes from North Carolina that 

"Don Shipman, WJRDF, will be flying several kite- 
supported - attended - HF beacons (in April) from the 
North Carolina Outer Banks in conjunction with the 
Knightlite's Second Annual QRPedition to the Outer 
Banks. 

"Our destination is a sliver of sand known as Core 
Banks, located midway between Cape Hatteras and Cape 
Lookout, about four miles off the mainland of North 
Carolina. At this time, Don is dreaming up some QRP fun 
for all the QRPers out there (such as announcing that 
there will be a beacons on 15.20 and 30 meters during 
such-andsuch times. You'll have to scan the CW portion of 
the bands to find the beacons! Certificates may be 
awarded. 

"This weekend was intentionally selected to coincide 
with the QRP ARC1 Spring QSO Party. Please be listening 
for WQ4RP/NA67. While some of the operators will be 
working the contest, others will be engaging in ragchewing 
and chasing DX - and hopefully being chased by some 
DX. 

"Further information about this QRPedition, including 
pictures of Don's beacons and one of hi kites, may be 
found at the Core Banks Website: 

http:/~w.ipass.net/oa4xx/core.htm 

A QRP DXer's dream 
JIm Lageson, NOUR, writes from Minneapolis that he's 

"been doing this QRP thing awhile now but never had a 
morning like (Dec. 27.1997). Here is a list of the stations I 
logged on 14.060 CW from 1400-17002. It was like being a 
fox. I had a pileup on me. I think someone must have put 
me on a packet cluster in Europe. I held a frequency for 
three hours. 

"The toughest part was trying to cut the QSOs short. 
These mys wanted to raachew and I wanted to aet to the 
next g'y calling me. It afi started with me calling U l S M /  
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QRP. He was running 500 mw to a dipole and had a nice 
559 signal. 

"While working him other EuroDean stations started 
calling me. GUZO/QRP, G M ~ X ~ ~ / Q W ,  HB9ATG/QRP, 
HB9DCL/QRP. DLZHRP/QRP, SM3CCT/QRPP GSPG/ 
ORP. G3NIJ1ORP. OMZU/ORP. G4VNL/ORP. S53BH/ 
QRP; GM~VYE/QRP, ON~UP/QRP, DJOGD;QRP, 
G4llBH/QRP, GJKKQ/QRP, DLlAUM/QRP, DLZUR/ 
QRP, GM3OXX/QRP ( i watt). G3FNM/QRP, GM4AIV/ 
QRP. 

"Then throw in a handful of EU QRO stations. But the 
highlight was having 7X4ANfQRP (Algeria) call me. He 
was running 5 watts to a dipole, I told him to take the 
frequency and let other QRPers take a shot at him. I was 
running 5 watts to my new (old) 3 element yagi up about 
40 feet. 

"I know I'm tooting my own little QRP horn, but I just 
had to share this. I can't remember ever having this much 
fun." 

Europe's 'Dayton' beckons U.S. QRPers 
The Rev. George Dobbs, G 3 W ,  writes from Great 

Britain that while "completing the form to acquire a booth 
for the G QRP Club. I wa. reminded that not all U.S. 
(QRPers) may know about the Annual Amateur Radio 
Exhibition in Friedrichshafen. 

"This is probably Europe's biggest Ham Radio event 
and takes place this year June 25-27 in Friedrichshafen in 
sourhem & m a n y .  Three hundred companies from 40 
countries and 21.000 visitors last year. This year the event 
is being divlded into Ham Radio and Computing sections. 

"Frledrichshafen is situated on Lake Constance at the 
point where the (ierman. Austrian and SWIS borders 
meet. A beautiful Dlace - which makes i t  Ideal to eniov a 
radio event and aiso take the family for vacation. A in;? 
hour drive from the site brines vou straight into the 
Austnan A I ~ .  The food is excei~ent and'ihe wlne IS 
ou&tandina4 There is a local almort. although it is 
probably &ier to fly into ~ u n i i h  or ~tut tgir t  and take a 
(rental) car. 

"Being in central Europe, people attend from all over 
Europe - from Turkey to Scandanavia, including many 
hams from eastern Europe. We usually have G QRP Club 
visitors from about a dozen countries on the booth through 
the 3 days. 

"The fleamarket is a famous feature of the event and 
usually manages to produce a whole variety of interesting 
material from behind the old iron curtain. 

- 

"The G QRP Club has run a booth at this event for the 
last 5 years and have been joined by W7EL and KSHBB, 
both of whom took their wives and enjoyed the 
experience. Dlck Pascoe, GOBPS, myself and Sheldon 
Hands from Hands Electronics form the basic booth staff. 

"If  you want further information - you can contact me 
( g3rjv@gqrp.demon.co.uh ), or write direct to: 

Karin Rausch - Ham Radio 
Messe Friedrichshafen 
Meisterhofener Str. 25 

D - 88045 Friedrichshafen 
Germany 

Making QRP waves (digitally) 
Blll Jones. KD7S. sends e-mail from Saneer. CA that .,~ . -~~ ~~~~~~ 

"the annual A R R I .  RTTY Roundup contiit was held (in 
Januarv~ and 1 had a wonderful time showing off with 

QRP. 
"My equipment consisted of an Icom IC-728 transceiver 

(set to 4.5 watts output), a roof-mounted Butternut HFGV-X 
vertical. Hamcomm 3.1 (shareware - $30 dollar 
registration) and a homebrew PC to Transceiver interface 
(cost under $25). 

"During 4% hours of casual operation I made just under 
a hundred contacts. 

"I lomed 38 states (including Alaska and Hawaii). 
severaiTanadian provinces a G  a bonus contact with 
FKSVHN in New Caledonia. The oniv other (known) 
QRPer I encountered was AI, KOFRP, who was knocking 
the sox off the bands from Colorado. 

"My contest exchange read, "(callsign) UR 599 CA 599 
CA DE KD7SMRP 5 WATTS K 

"I had numerous contesters stop to ask, "Are you really 
running QRP . . . 5  watts. . . really?" Several wanted to 
know what rig and antenna I was running. 

"I suspect that between KOFRP and myself several 
members of the RTTY clubhouse have gained a renewed 
respect for QRP. Maybe it will be enough to include a QRP 
power category in next year's RTIY Roundup." 

Fun by the 'Flreslde' 
Rum Carpenter, AA7QU, of McKenzie River. OR, was 

pleasantly surprised by the SSB activity in the January 
QRP ARCI Winter Fireside SSB Sprint. 

"Gosh." he writes. "I had no idea there areso manv 
sideband operators concealed in QRP-Land. Thanks io 
Cam Hartford's (NSGA) creative thinking, the Fireside 
event was a big succes5,with swarms of talented SSB 
operators coming to light. 

"This person managed to contact 35 of them on 20 
meters, in 20 states, and I'm pretty rusty. Let's do this 
again!" 

doodle Giveaway 
As anyone who visits ham radio swap meets, 

conventions or pizza parties knows, it'salways nice to 
wear the colors of the amateur radio organizations you 
belong to and support. Letting your fellow radlo amateurs 
know you're a member of QKP ARCI is a good way to 
pumpup the club. 

- 

Dick Swanwn, NUWL, of San Antonio, TX, has kindly 
donated a batch of oval pins displaying the QRP ARCI logo 
- perfect for affixing to a hat, shirt or necktie. A half 
dozen of these pins are this quarter's prize in the 
Members' News Goodie Giveaway. 

And the winners are: Mlchael Sealfon, WA20CQ, of 
Kent, WA; Joel Malman, WAlQVM, Concord, MA; John 
Pendrey, KLODB, Kodiak, AK; Larry Boellhoff, WJMGL, 
Toano. VA; Russ Carpenter, AA7QU, McKenzie River, 
OR; and Jlm Lageson, NOUR, Minneapolis. 

As always, each M N  contributon' name and callsign are 
thrown into a hat for a random drawing. There's a new 
prize each quarter. 

The hat, of course, is being emptied for next quarter's 
giveaway, and here's hoping you share your stories and 
photos with Quarterly readers - and get into the drawing 
at the same time. The addresses at the head of this column 
are all you need. 

Items for the Members' News column should be sent to 
Richard Fisher, nuGSN, 1940 Wetherly Way, Riverside, 
CA 92506. 
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SOLAR PHENOMENON em THE ACTmm SUN 1 
I Pal )y Pau 

- -  - 

Corrern'on to Pari I: T n , o j i g , ~  nvm i~tud~~r~renr!~ lahrlcd "FIG;. 
I" Ti~rjirst, oo page 21, +,s to tlte discssriot~ 011 page 21 or1 
'Ei,oiotiot~ oj'a Solar Stonn. " TIIP secor~d 0. 4 appearr on page 
22, and is fl~at F i s  4 wj'emd to on page 22 under "Tlze I'l~~~.~ic.,s or  
a Solar Srorn~" arid tlre diso~.xsio~~ on pla.xma fivq~ln~cies. I 
~~polo@z~for onv mnfi~.~ion llri. mig/rf itmr msrerl. 1 -- .\!45>\' 

SUMMARY of Part I: A solar disturbance is a comolicated ~. ~~~ 

\alucncr. ol'ctents occlmng at or near the silo'\ .i~lrface I t  is a poaatul 
'e\plos~on" Ulnt calises powrlitl relea~cs o i  cnm! and electrons Fic. - 
I s~~nunarizes the major sources of radio emissions due to a soks 
disturbance. First - the energetic electrons released bv the disturbance 
-- which travel ouhvard fmm the am at the speed of light. arriving on 
eaflh about 8 minutes later (not illustrated). Some of tltese energetic 
electrons get trapped and spiral along the sun's open field lines, arriving 
on karth fiom 10-60 minutes later. Kadio emiss~ons are also caused bv 
the expanding gas cloud. This shock wave of mass, electrons and 
protons, originating at the dishshnce (solar prominence), travel 

Relativistic electrons spiriling 
along open field lines - 

forward velocity drops to 

Solar 

Super-sonic electrons * -----. 

FIG. 1 - Radio emiss ions  due to sprialing e lec t rons  
and the expanding gas cloud 

outward fmm the sun at sumr-sons velocitv. or about IllOth the sceed 
ofbpht. AS these elechons'wavel thmugh the sun's magnetic field iincs. 
thev ~mduce radio emissions. Thus. the shock wave rises above the sun 
relatkely slowlv, while the radio &issions produced do pmpagate at 
the speed of light. This is shoun in the central portion of Fig. 1. lhis  
shock wave fails to pmd~lce radio emissions once it ha5 traveled several 
solar radii (<I()). but continues traveling outward from the sun for tens 
of' days across our solar system, relatively benign ... 11ntil it collides 
wiUl another mannetic field. such a? the earth's. It is this shock wave of 
pan~clc. 1h.11 ail1 c\unt~~iill\ catL%c gcnrnngnetlc uormlng nn the enrth 
ce!cralda\ 9 later. and tor trhlch the remalnder of t h ~ r  an~cle focil%s 

PARTICLE RADIATION: THE SOLAR WmD 

It is common helief that the 93 million mile gap betwccn the sun 
and earth is a void of total vacuum. Instead, we now know this "void" is 
bridged with coronal stmmers, particle radiation forming the solar 
wind, which presses against the earth's magnetic field producing eddy 
c~urents (as it does with our other planets). This solar wind flows 
ouhvard fmm the sun constantly ... during a quiet sum, the active sun, or 

I V r n  

len, N.b 

Fia. 2 -Coronal streamers aivina birth t o  our  solar wind 
~ ~- ~~ ~~ ~~ ~ 

 hec constant contours of the low~r~so lu t ion  VLA radio map 
indicate a very q u ~ e t  sun,  lnsplte of the  dramatlc e scape  of 

particles a n  the underly~ng SOH0 satellite photo. 

followina a disturbance. filline intrmlanetarv mace to kvond our solar 
system, lo the edge of the he6osphere (the &lie of our sun's magnetic 
influence). Particles a ~ e  v q  small pieces of matter ... they have shaw 
and weight ... hut individ&lly, hnvc little energy. They, in thanselv;~, 
radiate very little radio energy. Comparing a solar disturbance to a 
bomb blast, Ule radio energy released by the sun would he like the 
momentary flash of light, while the particle radiation would he the dust 
and debris blown outward by the shock wave. The light (or radio 
enmvl has verv little mass. but olentv oienrrev to travel at relalivislic . . 
sp&'and ionize gases it may enconker. ~n-the other hand, the dust 
blowinn alonn with the shock wave (panicle mdiation) has little enerev. 
hut pl'nn ol'maii 11 I S  this chock u:are and the a.iwci~ted ,rave i~',nt 
oi pantclzs that causes die ~~gntficant damape Jtle to 11s maw And .ro 
with a solar storm ... the fir& attack of energetic electrons produce 
radio storming immediatr!v following a solar dsturbance, but is of short 
duration and does its damage from its energy, mostly by ionizing gases 
in our atmosphere. The second attack of a solar storm is Ute W c l e  
radiation ... the shock wave of parhcles sIiking the earth several days 
later 

The concat of the solar wind is fairlv new It was fust nmmsed bv 
Sidney ~hapr;lan in 1931. ~nrprisingl~: it was not actueliy measured 
until 1%0, when the Soviet spaceprohe Lunik 2 traveled to the moon 
and made some tentative deteciions. Finally, in 1962, dedicated 
inshumentation onboard the Mariner 2 spacecrafl measured the solar 
wind at about 400 kdsec. (250 mi./sec. or 900,000 miles p a  hour), 
providing t l~e first proof of ils cxistcnce. 

What produces the solar wind? How can tiny solar particles 
escape the h q e  magnetic and gravitational fields of the sun'! During the 
196ti's. dozens of models were proposed. One such model was from 
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Swiss astronomer Max Walhcir, who noticed dark rcgions on thc sun 
he called comnal holes, to disiinguish them from thc more common 
sun spots. Max Uieorized that local field lines around these holes must 
ounch holes throneh the sun's nlaeildic field. allowine t l~e narticles to - .  
tnnnel themselves Into space. However, the ovenvhclming hrightncss of 
the sun makes this sort of model diflicult to ohswe. His theon, was 
finally proven during the solar eclipse in 1970 when during totaliiy, jets 
of coronal mass were seen streaming away from the sun contrary to the 
normal field oatterns due to a sizeable coronal hole on the slm at the 
time. Coronal holes, spewing out plumes of plrticle emissions, are now 
an accented characteristic of OIU sun. and thc sourcc of thc solar wind. 
(See F;~. 2). The classic model of how the solar wind propagates 
across our galactic plane is illustmted in Fig. 3. 

An understanding of solar wind is important to the QRPer because 
nearly all significant dislurhances to HF communications is the result of 
pressure extxled on the earth's magnetic field by the solar wind ... 
whether the day-today variations in velocity, or the sndden sutpes dne 
to a solar disturbance. 

Fig. 3 -Classical model of the solar wind flowing 
along the plane of our solar system 

THE EARTH 

We have all seen nhotoernuhs of the earth from smce ... a brilliant. . - .  
hlue orh uga!t~st die hl;~ckness o l  rpn-e I IOU hraurilul the eanh 111u\t he 
~f \\e coulJ a, the clnh~mte n stons of r;rd~nl~on hcl~s, maanetc liel&, 
plasma tail and our own shock wave as it plows through the sun's 
electromagnetic field and interstellar space. While invisahle, they all 
play a part in HF communications. 

Fig. 4 is a schematic represention of some of t h w  systems. The 
earth revolves around the sun on the ecliptic avis (the imaginary Line 
Umt intersecls the sun to the planets), with our magnetic poles slightly 
inclined. We are 93 million miles from the sun, or about 8 light minutes. 

The magnelic field around the earth is called the magnetosphere 
and consists of two major element?. First, the magnetopause, is the 
intense toroidal paltem of our dipolar field (meaning, it has a north and 
south pole), with maximum intensity roughly aligned with our equator, 
and m i ~ m u m  intensity at our poles, called the cusps. The 
magnetopause can be considered to be Ule closed field lines of our 
magnetic field, leaving the earth at one pole and reentering at the other 
Surroumding the toroidal field like a cocoon is a less intense field called 
the magnetosheath, and considered to be the earth's open field lines. 

If the earth were sitting in space with no e x t d  forces, our 
magnetic field would be a symetrical toroid, with the magnetosheath a 
uniform sphere fading in intensity into interplantary space with no 
distinct bundries. Rut it doesn't - because the pressure of the solar 
wind compresses the fieids towads the earth on the sttn-faring side, 
forming its shap:. h e  to the influence of the solar wind, our magnetic 
ficld has a tear-shad. or "tomdo" s h a d  nalt~m. On thc sun facine 
side, the magneto$h&e is sq&hed, exiend;ng outward about 20 eartyh 
radii, while on the trailinz side, it outstretches hundreds of earth radii, 
or well past our moon @ig. 4 is not d r a w  to scale). As the earth 
rcvolves around the sun, it tunnels through the solar wind. Where the 
presnue of the solar wind compresses the magnetosheath, the earth's 
bow shock is Cornled, just as a bow shock fonns in front of a speeding 
boat upon a calm lake. 
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Such an intense maenetic field would seem to be firm and rieid. In 
actuality, it is very fr*iie. As the solar wind collides with our magnetic 
field, it wiggles and quivers as if the earth were enca~ed in a bubble of 
iello. And as this maenetic field shivers. electric cwents are eenemted ~ ~ 

by the dynamo process -- just as electricity is generated by any moving 
magnetic field -- except in this case, on a very gmnd scale. 

SOLAR WIND AND THE BACKGROUND NOISE 

Ihe "nonnal" ~olar uild froni thc ~mll~$turhd sun passes an11111d 
(and through) the hou shock to floa alonr the t ~ r m ~  field I~nes of ilic 
&netos&aih. It does not have enou& en&y to penelrate the 
bou~dry of the toroidal fields (at about 13 earth radii as shown in Fig. 
4) and thus flows along the "outer skin" of thc closcd ficld lines of the 
magnetopanse, generating electric c~urents as tliey skim along the 
magnetic field. 7his electric field produces the background noise we 
hear on the HF spectrwn. However, with a constant solar wind velocity, 
the electric clurents generated would hc constant and the resulting noise 
would be a v q  constant "white noise." As any ham knows, the 
background noise on HF is far from constant, hut varies with swings in 
intensity, minor crashes, poppmg sounds and other irritating 
phenomenon. What causes tlie noise levels to vary so, even d u ~ i g  a 
very quiet sun? 

Sun 
I 

I Earth's Arbit 

Fig. 6 - "Balerina Skirt" model of the sun's electric field 
and the dirtn.trd cnnrrrnt now% arnund the sun I 



Referine aeain to Fie. 3. the "text book" model has the constant 
solar a ~ n d  fl;,uit~g along ihe tlat sunice of the gul:ua~c phnc Fig. 5 
dc~tcts UIC u l a u ~ c  IiclJ ol' the gslacuc plane In ille real \\orld (or 
should n e  sa\, the real .so/<,r .s ,s rm' ,  As the wlm jnntl tlons alone 
t h ~ ~  wvarp~d currunt sl~cer, Its velocut) and dlrwtuon change as i t  rlnus 
ur, and doan the ndees. I)\ the tune thc solar aund ruche\ t l ~ u  eanh. 11 
is swirliig about in'whimsical fahion, generating an electnc cw&t 
with great variation, which in turn produces erratic noise levels. 
ltlnh&norc. the euth is pLsslng Into &d out of thc contotus of thu 
cwent sheet causlng a vannhle compresston to OIU magncuc licld, 
\!llch fwlhsr mllduldtes ow ulwInc liuld Suddeu~l\. this ',vad\ swtc 
universe we live in doesn't seem so steadv, d o e  iv? 

RADIO PROPAGATION: OUR IONOSPHERE 

Under normal conditions, radio waves transmitted Cronu the surface 
of the earth travel upward into ow ionospltere, to he attenuated (or 
absorbed) by the D-layer, and reflected back to earth by the E and F 
layers. Long range wmmunications on I@ depends on our ionopshere 
being reflective. At any given time, below a certain frequa~cy (Ilte 
lowest usahlejrequency, or LW) ,  signals can be fully absorbrd by the 
D-layer, and above a certain frequency (the maximum usahle frequency, 
orbfIIF), the signal passes on to space. For the QRPer, the objective is 
to operate on a ham band that happens to lie in the rvindow bet\reen the 
LUF and MUF to achieve the beneiits of this "skip" propagation, and 
on frequencies affonlu~g the least absorption. 

IONIZATION & IONOSPHERIC LAYERING 

Our ionomhere is a hap of easses rmd 6ee electrons woundinz the - - 
earth. Duringihe day, energetic x-ray and ultraviolet radiation fro; t l~e 
sun ionizes the thin gasses in the uppr  portions of our atmosphere. 
That is. molecules are s t i n d  of their electrons. The deeoer the solar . ~- ~~~~ ~~~ 

radiation penetrates, the ];&her the rate of ioniration, sunply because 
our atmosphere gets more dense. The increased density also begins to 
absorh this solar energy. As the nitrogen, oxygen and ozone molecules 
are ionized, the free electrons tend to stratisfy at different levels where 
their density is the same as the density of the atornosphere, forming 
distinct layers of ionized gases. 

THE RADIO WAVE CONNECTION 

If a laver is suubstantiallv dense. it will be v m  difficult for a radio 
wave to penetrate. longer. \\.ovel&~~tl~s would 'hounce hack or be 
dh9JrhL.d d l~r  lo the h~ll lon uf coll~non:. 11 encounters. During the da), 
ullh hghl! lonoved Is!r~s, the r~dlsr irquencw uould have to he fu~rl! 
hug11 to p a s  thmngh the Ia\er\ At night, ~onr/nt!on ssrps and the 
rrxombinauon 1 1 i U r  free cIc;U~ns INCL 11110 n101a11Ics m d c s  the law CI 
less dense, but heavier This will allow lower frequencies to pass 
throueh. and the heavier lavers hains to sink lower into the 
ahnoGphcrc Fi. 6 shons the helghtz o i  ihe domm:mt 1a)as. tla U. I:. 
TI nn,l 1'2 dunng thc day, and ihc 11, F and I'  (t  I mud I2  combmcsj at 
night. This changing elktron density of these layers is exactly what 
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Fi . 6  - HF Reflection Heights vs. Frequency 
(iased on lonosonde sounding measurements) I 

dictates the MIJF, and the heighl of the layer establishes the skip 
distance. Fie. 6 is observatorv data, derived liom houncinz fmuencv 
swept signais off the ionosphere to determine the heights i f  the'layers 
(hv measuring the time delay of the rehlmed signal) and the cntical or 
plasuna freqlu&cy -- that frequency and above urhere the signal passes 
lhrough the layer to space. Of course for commnnications, we're 
interested in using freqnencies that are helou~ the cntical frequency (or 
MIJF) as ow hobby seldom involves intentiortalk sending signals out 
into space! This explains why dumng the day, we can often utilize the 
higher frequencies for communications, but at night, the higher 
frequencies afford no useful propagation. 

Incidentally, these lavers were named in 1927 by codiscoverer 
Edward Appleton, an engineer at the U.S. Naval Research Laboratory 
lie named the f i s t  layer discovered the "D-layer" to leave roo111 to 
name the lavers below (AB and C) and above (E, F, G) they felt surely 
existed. Turns out, the rust laver discovered was the lowest one, 
IS why the layers start with the "DM laye  

hIE SOLAR FLUX CONNECTION 
Just as solar radiation during the day ionizes the layers to reflect 

signnls at higher frequencies, so does the increased solar radiation from 
an active sun. The solar radiation is measured at 2880 MHz and is 
called the solar flux. During the quiet sun, the solar flux averages well 
below 100; while dwiug an active sun, it is in the 100-200 range. The 
heights and critical frequencies shown in Fig. 6 were meawed dwing 
the quiet sun. Note that during the day, the critical frequency is about 
18MHz, for which signals above that fwqurncy will easily pass to space 
where the layer seems to disappear. At night time, the MUF drops to 
&low the 20M hand. During active sun, t l~e  layer heights remain 
about the same, but the daytimeMLTE' extends towards 30MHL. 

THE SOLAR STORM CONNECTION (The First Attack) 

When a solar disturbance occurs that triggers a solar storm, the f& 
wave of attack is the electro-magnetic radiation released by the sun. 
This is the radio bursting that anives from 8 minutes to perhaps an hour 
following the disturbance. n e s e  are energetic electrons traveling at 
relativistic speeds, and when they smack into ow ionosphere, they 
heavily ionize the D, E and F layers. Now on the one hand, this is good, 
since it raises the MUF and the average solar flux lor a d,ay or two. But 
on the otherhand, the extent of this "first attack" solar radiation allows it 
to pqemte  deep into ow ahnosphere, ofhl  reaching the D-layer (the 
ozone layer). During a fairly strung solar storm, the last of the solar 
radiation ioniizs the D-layer, making it very dense with tlie electrons 
stripped from the ozone molecules (O,), which have an additional 
electron to "roh." This can make the D-layer totally absorptive to radio 
waves even at high frequencies, effectively raising the LUV. Kefering to 
Fig. 6, this would he moving the D-to-E layer transition line from 4 
MIk to say 10-20 MIIz (day or night!). When this happens, it is called 
an HF blackout as only short distance ground wave propagation 
remains. na onset of a black out can be very sudden, and last from 
houus to days, depending upon the quantity of ionizing radiation 
produced by the solar dish~rbance. 

To grasp the severity of such an onslaught, let's do some quick 
physics. Under normal daytime conditions in a moderately active sun, 
the MUF is u~sually amund IXMHz, dictated by the Fl@2 layers some 
300t miles above the earth. The electron density (Ne) is: 

where, Ne = electron density per cubic meter 
fp = plasma Frequency = mavimum usable frequency (MCTF) 

ForanMUFof 1RMHL. and if t l~e MUF goes to 1 OOMHz: 

. Tl~e above needs little explanation upon noting that the electron 
density increased by nearly two orders of magnitude. 
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ORP Operating Tips during a SOLAR STORM 

The sudden onset of a healthy solar storm is characterized by about 
an hour of bursting static that may be difficult to QSO through, but is 
of short duration. Thereafter, the step increase in solar flux can raise 
the MUF to 100 MHz or more. Many seasoned hams have learned to 
recognize the arrival of such an event by the sudden fluttering of FM 
signals or the appearance of distant TV stations, even on the UHF 
channels. (With so many people now on cable TV, this fingerprint 
may be missed). The D-layer will cause heavy (if not total) absorption 
into the higher frequencies, say to 20MHz. But still, this creates a 
unique DX window on the 10-15M bands, and above. 6M and 2M 
enthusiasts live for these occurances! And note how this could exist 
at night, since the heavy ionization can take many hours after 
sundown to boil off. So learn to recognize the fluttering of signals or 
sudden appearance of distant stations on the commercial FM band or 
above as a trigger to a possible solar storm. Many DXers around the 
world, also recognizing these signs, will immediately go to 10M to 
see if it's open, affording the QRPer a unique opportunity to work 
some rare DX. Call CQ and see what happens. Favorable conditions 
following the solar storm can exist for a day or two until the resulting 
Geomagnetic Storm occurs. Such solar storms will often trigger 
enhanced auroral activity, which may drift into the middle latitudes 
... so keep your eyes on the northern sky as well! 

THE GEOMAGNETIC STORM 
(The Second Attack) 

A Geomagnetic Storm is a disturbance to earth's magnetic field. 
But since the magnetic, electric and plasma fields surrounding our 
planet are so cloxly linked, a disturbance to one will Lriggt~ a distur- 
bance in the olhcr. Most distwbanccs to our magnetic field are diuecUy 
I d e d  to disturbances, or enhanced activity, from our sun. The elemtnts 
of a solar induced geomagnetic storm have already been discussed. 

Followiu~g a solar flme or a comnal mass ejection (CME), a shock 
wave from the disturbance carries a thick wall of dense particles 
through the sum's magnetic field and propels them ouhvard into our 
solar system (See Fig. I). They do not leave the sun in an omni-- 
directional pattern, but are more of a stream of particles lhat fan out as 
they travel away from lhe slm. Sometimes the Wniectoty ofthis hloh of 
particles will intersect the earlh, other times not. For example, a solar 
disturbance well above the sun's quator may belch out particles far 
away from the galactic plane, to merely travel endlessly into interstellcr 
spzrr A d~m~ihancc near h r  sun'.: qIIRror \ \ I I I  h: confined to tn\,cl 
along lhr galact~c plane. hut ma! ofuly piss h earth cau\lng no ullict 
And oher 11111c(. evm a sniall flare w11I s c r n ~ J ~ ~ ! l u u ~ l \  alm ihr a 
head-on collisionwith earth ... possibly triggering ahajor keomagnetic 
stom from a relatively minor solar event. Furthermore, the velocity of 
thcse spccding particlcs is lughly variahlc, such that the time of contact 
with the mrth and their impact velocity is often little more than coniec- 
twe. For these reasons. ~redictinn the effects of a eeomannetic storm 
following a solar event is very d k c u l t  and far fr& a ;ell-groomed 
science. New instruments, both ground- and space-based, arc allowing 
scientists to improvc the nccurac; of their pr&ctions, but there are stii 
many unknowns. 

For the QRPer, the likelihood of a geomagnetic storm 2-3 davs 
Sollowine a solar distruhancc sl~ould he anticimte~i. If it doesn't come - ~ 

to pass -- we're lucky. Otherwise, when the wavefront of particles 
strikes Uie 41. it will iieele our mnaenetic field into ne~~eratule huee 
electric currents ... all th>;;hile, hreed7ng copious amo~kts of niise ;n 
the FiF hands. ( h e  such event, during the last active sun, was o h w e d  
to generate a 100,000 sol1 difference between our polss and the current 
tlow measured at 10 amps! (Let's see, P=IE=10 walls of noise 
power!). Wlule most of these particles flow around lhe earth along the 
own field lines. eenadtinn these currents. some do ~oeetratc the . . 
milgnulic lield ro occumul,~rc 81 tluc polus. pet sucked Into the Vm Allun 
rad~atlon hclts, ctc. 'lhecu partlclcc. m tllm. call.*. lilgh polx uhwrptlon, 
\ \ l ~ r h  c w  "spread' 11110 tl~u I ) - I H \ u T  for enhmlcal n d ~ o  absorpt~on to 

glohal proportions. And if that's not enough, These particles, for a tune, 
also tend to ahsorb the ionizing radiation from the slm, causing depleted 
ionization of the upper F2 laver, lowering the MlF. And particles 
trapped near the polar regions, combined with the boost in the electric 
field, car1 trigger auroral activity 

So i ~ i  caw you've log count, the effect3 of a geomagnetic storm 
include: 

1 .  Strong. bursty noise levels that can last hours to days, rendering 
cor~uuiunications on HF frquencies poor to useless. (Global) 

2. Depleted F2 layer ionization can lower the MUF to IOivEiz or 
less (ir.,  loss of "skip" pmpagation). 

3. Total absorption at the polar regions. 
4. Enhanced D-layer absorption of radio signals, for a blackout 

condition on HF (mid-latitudes to glohal) 
5. Auroral activity creating even more electrical noise 

(providing at lcast some entertainment!). 

Otha than tliat ... have a nice day :-) 

ORP Operating Tips during a GEOMAGNETIC STORM 

Unfortunately, the extent and severity of a geomagnetic storm is 
difficult to predict. When a solar storm occurs, the QRPer should be 
prepared to "ride out" the resulting geomagnetic storm. However, 
some storms may only last a few hours, while others will yield very 
poor conditions for several days. The best advise following the start 
of a geomagnetic storm is to periodically check the bands for 
conditions. With S-9 noise, a low MUF and high absorption, it is 
virtually worthless to attempt HF communications. But by monitoring 
for signals from some of the HF beacons. WWV, etc., this can provide 
a good indication when the effects of the storm beginsto lift. 

The best time to operate is often just followings geomagnetic storm 
for four reasons: 

1) Atmos heric noise levels often tends to be veryquiet for a da or 

for QRP weaksignal work. 
Y, two fo!owin a geomagnetic storm, being particularly favora le 

2) The solar flux tends to still be elevated from the solar disturbance, 
and thus, ahigh MUF, good E-F layer reflection, and good "skip". 

3) The recovering D-layer can also foster low absorpt~on for a tlme, 
making weaking signal work on 40M and 80M uite favorable. 

4) A long geomagnetic storm means a bunch of ot 8 er hams anxious 
to get back on the air, thus plenty of QSO's and DX likely. 

E v q  solarlgeomagnetic storm sequence will have its ow11 unique 
characteristics -- no two are alike. Fig. 7 attempts to depict a "typical" 
seuuence of events. and the related seeneths and intensities The timine 
an2 duration, however, is always the largest variable. 

- 

Arrival of Particle 
Radiation Wavefront 

I FIG. 7 -Evolution of a tvDical stronrr SolarlGecmasnetic Storm I 
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The~e are two other types of geomagnetic effects on the earth that 
will occur: a Polar Cap Absolption (PCA) event and a Sudden 
Ionospheric Disturbance (SID). Both of these events can be associated 
with a major solar dishubance, or can occur independently for reasons 
that are not well understood. 

POLAR CAP ABSORITION EVENT (PCA) 

Some solar flares can emit high enagy protons suficient to 
p e t r a t e  deep into the ionosphere over the d ' s  poles, where the 
magnetic field is the weakest, ionizing the D-layer for heightened 
absorption. Since these events are localized to the polar regions, they 
are referred lo as Polar Cup Absorption Events. A PCA is a scientific 
curiosity, as there is not yet a sufficiently accepted model to explain 
how such energetic protons are prodllced in the solar corona. Solar 
astronomers are looking fonvard to this active sun cycle as much as 
hams are, in the hopes that new instruments available might answer 
some of these Lingering questions about our nearest star. 

Some success has been made in predicting PCA's, however, and 
thev a n m u  on most solarleeoohvsical forecasts. PCA's are rated bv a 

PCA Green: No PCA event in progress or imminent. 
PCA Yellow: Warning. A PCA event 1s hkely. 
PCA Red: A PCA event is currently in progress. 

SUDDEN IONOSPHERIC DBTURBANCES (SID's) 

X 

0 1 2 
Time (Hours) 

Fig. 8 -Illustration of a 
SID Event 

The typical response from a solar flare is the near immediate amval 
of bursting static (Type I1 and III bursts), then continuum noise (Type 
IV storm), and on stronger flares, the radio sweeps. While a flare in the 
C-5 category or linger will cause these short duration static bursts, it 
takes a much h e r  flare to Muse disruption due to ionization (most HF 

dismptions are due to the pam'cle 
mdiulron). However, there has lwen 
a long noted effect fmm some flares, 
even relatively small ones, that seem 
to cause immediate ionization d o w  
to the D-layer These events are 
known as Sudden Ionospheric Dis- 
turbances (SID's). nley are 
marked by a vety sudden onset of 
HF fadeouts or vven blackouls of an 
hour or two duration. It has since 
heen learned that SID's are aqsoci- 
ated with flares, that for reasons not 
yet well undmood, genemte intense 
x-ray emissions. X-ray emissions are 
associated with vay high energies, 
such as the solar oven deep in the 
sun's intmor, and there is no concise 
explanation how x-rays are gener- 
ated on the sun's surface amidst 
moderate flares. None-the-less, it 
happens! And when a flare occurs 
with intense x-rays, this radiation 

speeds towards the earth at light speed, entering our ionosphere, and 
ionizing the gases down to the Dlayer Remember, the D-layer is the 
"absorption layer" that detennines the lowest usable frequency (LUF). 
Ionizing this layer can raise the LUE' very high, causing heavy fadeo~tts 
due to the extra absorption, or total blackouts, as illustrated in Fig. 8. 
Fomately, they are relatively short in duration, hut their effects are 
complete failure of HF communications. Since they are triggered by 
relatively small flares, that for some reason flourish with x-rays, a SID 
can not be predicted. Thus, most SID's are total surprises. So if you're 
working that good DX on 15M and all of a sudden, the band seems to 
go dead, it may be a SID event, This can be confumed by noting that 
the lower ham hands are suffaing fmm heavy absorption of signals as 
well. And another sign .. unlike a solar storm, SID's seldom s M  out 
with bursty static ... j ust a very quiet shut-down of the HF spectnun for 
an hour or two. 

CLASSIFICATION OF FLARES 

Solar flares are "ranked" by solar observatories shortly after their 
occrrrance based on their physical size, optical brightness, and a couple 
of other factors. The flares of concem are ranked C, M and X flares 
with each letter ranking further divided into a scale of 1 to 9. For 
example, a C5 flare, or an M2. Each ranking of flare is an order of 
magnitude stronger, much Like the Richter Scale of ranking earthquakes. 

C-Class Flares are moderate flares (or Common flms). Generally, C 
flares will cause some bursting noise, with C5 flares or higher causing a 
moderate solar storm and some related geomagnetic stomung. 

M-Class Flares are the Major flare group, that almost assuredly will 
cauqe significant solar storming and active geomagnetic storming, 
possible HF blackouts and auroral activity. 

X-Class Flares are the extra large ones causing the most severe solar 
and ewmaenetic s tmine .  Thev me rare with onlv one or two w solar 
cycl;. Thebhotos you may ha& seen of a flare (or CME) whi&ing out 
solar material for great distances are in this ranking. In short, it is the 
X-clas flares that &es the evenine news - wrovidhe the TV satellites 
are still in service! Total HF blackozts will  cur au&e effect will be 
felt on earth for manv davs ... includine fabulous atlrora's. which have 
been seen as far sou& as &e ~ u l f  of ~ & i c o  

Hopefully you have enjoyed learning about the solar phenomenon 
and gained an appreciation for the complexities involved and the labor 
of the scientists who have contributed to ow current level of 
~~nderstanding. I have attempted to present this information in an 
understandable fashion from current research, not interpret it (that's 
what aqtmnomer do). But for the following, I will offer my meager 
attempt at playing an amateur solar astronomer, based on my intense 
interest in this subject. 

THE BIG ONE! 

l h e  last really big X-class "grand daddy" flare was in 1960. The last 
two solar cycles have had few major flares. So one can't help hut 
wo~ider if we "are due" for "the Big One" during this solar cycle. I 
don't know. But should one occur, I propose the following effects: 

First. and foremost. would be some verv serious effects to the 
~~ ~ . 

nctuork of sarell~tcs orhitting our planet Remnnhrr, the 1 ~ ~ 1  "hig one" 
\\a. onl! t h ~ . ~ .  \,ears fnllnwng . S ~ m , k  The satell~tcs now ui orbit have 
never &rie&ed a major sofar emption! The very high energetic 
x-rays, protons and electrons from an X-class f l m  could likely Gy the 
electronics in many of these satellites, rendering than useless or badly 
crippled, lhen a couple of days later, an immense solar wind and 
wavefront of solar particles will smack the eartl~. This shockwave, if 
sufficient in size (and density), would be We a huge blast of wind 
blowing these satellites towards the earth. Those in low-earth orbit 
could very well he propelled into our atmosphere for assured 
dedruction. This would be millions of dollars of damage as a minimum, 
and Likely, you could kiss goodbye many of the services we've lamed 
to enjoy, such as DDS and satellite TV, a good chlmk of the 
long-distance telephone links, and GPS (although GPS satellites are 
x-ray hardened). Let's hope the Spce Shuffle is docked! 

Secondly, strong electric field3 on earth will induce currents into 
telephone and electrical lines causing failures in these systems. 
Therefore, discounezt antennas as damage to FET or sensitive "front 
end" rlectmnics would be heh.  And who knows. with this wmantion 
0111' n& he the onl! ng.: 1i11 on the n!r. llama&- to other~lectmn~cs 
ulth IC's is nor oul nl'the quost~on IjuI for thow with rm interst, i t  inll 
he an unforgettable event, &m to seeing the Hale-Bopp wmet 

Inspite of our sun enteting its active phase, it has thus far bgn rather 
quid from flare activity. Upon the occurance of a strong flare event, I 
will gather as much information I can with VLA, optical and satellite 
images and suhmit a "photo gallery" page or two for the QU to 
galvanize the concepts p m t e d  in this series. 

-- 72, Paul NA5N 
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both local oscillator and mixer in a direct conversion receiver. These 
days that function is oeen performed by the popular NE602 chip by 
Signetics. The original receiver used a CA3028 to serve this purpose, 
but the 3028 can be simulated with three discrete NPN's in the form of 
2N2222's. While the 602 is a double-balanced mixer, the 3028 and its 
2222 incarnation serve as a single balanced mixer. Thus they are 
somewhat more subject to AM brdthrough than DBMS. Performance 
will still be superior to currently popular simple receivers like the 
Pixie since the CPRlMON uses a true product detector. 

Circuit Description 
In the original article, a CA3028 differential amplifier IC was 

used as a single balanced mixer. In the club project we used an 
integrated circuit transistor m y  for the same purpose since we could 
get them free. However three 2N2222 transistors can be used instead 

THE CPRMON RECEIVER as shown in Figure I .  The differential pair QllQ2 serves as the mixer, 
I * h m  one of rhe rechnicol guiding lights of the N w  Jersq  while the current s o m e  4 3  acts as a local oscillator. The action is 

QRP Cl~ih,  Joe Everhart, NZCX of Brooklown. NJ, rather unique, combining multiple functions rather simply. RF input to 
(n2c@oicmet.com) presents Joe's Quickie #25- the mixer is via tuned circuit Ll/L2/CI/C2. C1 and C2 form a high 

The recent 2N2222 Building Competition has inspired many of impedance parallel tuned circuit with L2. L1 is a low impedance link 
us to dig back onto our dog-eared piles of ... err... ow arcluves, yeah, that feeds the low impedance input signals from the antenna, trans- 
that's the ticket, our archives - to resurrect some oldie but goodie forming that low impedance to a much higher one by transformer 
circuits. I'm hardly immune so the next several Quickies 
will be in that spirit. Alas I got started too late to design a 
whole rig and enter it for judging, hut I DO have a few 
ideas to share. 

Ten years or so ago, the RCA Camden Amateur 
Radio Club was very active in drawing new blood to our 
hobby. We ran a number of license and code classes to 
help recruits and a number of us became VE's. One fairly 
common lament was heard - "I want to listen to code on the 
air, but I don't want to buy an expensive receiver in case I 
don't like those beeps and boops.! So, in the time-honored 
tradition of would-be elmers, we sponsored a club project - 
a simple inexpensive code practice receiver, Thus the title 
of this piece. However recent discussions in the New Jersev 
QRP Club (NJQW) have been in favor of setting up a club 
net and perhaps monitoring the net frequency whenever we 
are in our shacks. Thus the code practice receiver can also 
serve as a monitor - hence the CPRIMON. 

What will he described here is an 80 meter re- 
ceiver. 80 is most practical in the Northeastitem and mid- 
Atlantic states for monitoring WlAW code practice ses- 
sions. It is also the band we have chosen for the NJQRP 
net. The same receiver is potentially usable on 40 or even 
30 meters though the front end robustness and selectivity 
may prove marginal up there! 

The receiver circuit was adapted from an article in 
the much lamented Ham Radio magazine by Ed Gellender, 

R 5  

% 3 + 9 t c 1 2 V  

6 T c  a ~ ~ c l ' n  amo 

I C n u i  %*ipt as  n o l e d  

fi n chns 

WB~EAV. ~t used a single integrated circuit to serve as Figure 1-The CPR/Mon Receiver. (N2CX drawing.) 



action. 
Now if 4 3  were not connected as an oscillator, differential 

pair QllQ2 would be a simple amplifier providing an amplified output 
across R6 that was the dityerence in ac voltage hetwem Q1 base and 
4 2  base. In fact that happens here, too hut there are also sum and 
difference signals produced by mixer action. The mixing occurs 
because the currents fed into Q1 and Q2 emitters comes from Q3's 
collector. And since Q3 is connected as an oscillator its collector 
current varies as a sine wave at its oscillation frequlency. Now how 
does this cause mixing? Well, the gain of a transistor is proportional to 
its collector current - more current. more gain. So if you vary its 
current with a sine wave, its gain changes in syncluonisrn with that 
sine wave, modulating its amplification. This is a mixing action! 

Q3 is an o r d i i  crystal oscillator using C5 and C6 as a 
voltage divider for feedback and the crystal operates near its parallel 
resonance providing an inductive reactance. This circuit is oAen 
referred to as a "cwstal Colpitts". Trimmer C1 allows the oscillator 
frequency to be varied slightly to set the proper pitch of the received 
s i p l .  For receiving Wl AW code practice sessions on 80 meters, an 
inexpensive television color burst frequency crystal works fine. The 
nominal crystal frequency is 3.579545 ... MHz and WlAW is on 
3.581 5, so the trimmer is needed to pull the frequency up slightly. 

For other 80 meter frequencies the xtal needs to be replaced 
by one at the desired frequency. 3.56 MHz xtals can onen he 
purchased h m  QRF suppliers and 3.6864 MH? is a common computer 
clock frequency. RZ is the collector load for the mixer where mixer 
output can be taken. The mixer output contains local oscillator 
feedthrough, the sum and difference between received signals and the 
desire signals and an amplified version of the RF input signals. Since 
all we want at the output is the audio difference frequent!, and all the 
unwanted signals are much higher in frequency, CIO is used to shunt 
all but audio signals to ground. 

The onlv parts that are not commonly available are coils L1 
and L2 and tuning capacitors C1 and C2. The Ham Radio article used 
a TSO-2 toroid with two windings. The tuned side, L2 used 50 turns of 
No. 30 magnet wire and the antenna link, LI, was 8 turns of the same 
r e .  Ow club project went the cheap method. We used some old 
100K carbon composition resistors as coil forms. The windings in this 
case were again 50 turns and 8 turns, but we had to use 36 gauge wire 
for L1 to fit the form. L2 leads were soldered to the resistor leads at 
either end of Ule resistor. L1 was wound using some small gauge 
hookup wire. 

Lest you roll your eyes in wonder, using the resistor was not 
as bad as it sounds. RCA had scrapped "lots" of them in moderniza- 
tions so they were available and the coils were used as a low Q tuned 
circuit so the high resistance carbon core had little effect. 

The rest of the tuned circuit was formed by C1 and C2. The 
coil needs abu t  250 pF to resonate and 250 pF variables are tough to 
find these days, so a combination of fixed and variahle caps was used. 
Radio Shack used to cany a 60 pF trimmer and a 5420 pF trimmer, 
though they dropped them several years ago. Yon can use capacitor of 
your choice that will give some adjustment range around 250 pF. You 
just connect up an antenna and peak for best signal. 

What else do I need? 
The above describes the heart of the receiver, but its audio ou~tput 

is very low. The original project used a Radio Shack "LGA to provide 
needed amplification and a small loudspeaker. (LGA-so-called "little 
gray amplifier" per WAXMCQ, although they changed the color to 
white years ago and is now a "little white amplifier) The audio 
amplifier sold back in the early 80's with the RS part number 277-1008 
had a fairly spacious cabinet with enough room to tuck a small board 
containing the CPR front end inside. These days the same part 
number is available but the case size allows no extra internal room. 
But the CPR mixerlamplifier can be built on a scrap of PC hoard or 

Figure 2-Extra audio oomph for the CPRlMon receiver 
(NZCX drawing) i 
perforated board and mounted externally in a small case, This also has 
the advantage of keeping the input jack of the LGA handy to use as a 
booster amp and speaker for QRP rigs or as a handy test bench item. 

You needn't even use the KS amplifier. A suitable replace- 
ment can he built using an LM-386 and a handful of parts to do the job. 
However in this case you will need to add a little extra audio 
amplification between the mixerloscillator and the '386. Figure 2 
shows a one-transistor stage that will do the job well. 

Results 
1 duz out mv old club kit receiver and renvstalled it for 
~ ~- 

3.6864. With a 20 foot ~ i e c e  of wire laying on the dining room floor, . - . 
a number of Novice stations were heard as well as some QRP'ers who 
frequent that part of 80. And with an outside 80 meter antenna, 
Knight-Liters all up and down the east coast were copyable during their 
Sunday evening net. I would recommend using a tuner with an outside 
antenna to give some added front end selectivily if nearby AM broad- 
cast stations come blasting through! 

HANG-- DON'T STRETCH-YOUR ANTENNA 
From Chris i r k  IVI'IE of Shmwsbuy, hl.4 

(cdcpcsm@pol.com)-Most hams string their wire antmnas hetween a 
couple of trees, where the antennas often end up being broken by gales 
or ice storms. But the guy rnpes that are tied to those antennas almost 
never break. Why make the antenna do double duty-not only radiate 
but hold itself up'? Why not string a rope between a couple of trees and 
simply tie the antenna to the rope, so that the elastic rope bears all the 
strain in gales and ice storms while the brittle antenna \%re hangs from 

kigure &Hanging your antenna instead of - - - .  

stretching it. (NVlE drawing) 
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the rope and merclv radiates? I have therefore arranged mv 80 meter 
wire dipole as shown in Figure 3. 

'To construct this antenna, a long rope is first stnmg hetween 
a.couple of trees and then lowered to Ule ground. A short length of 
rope iahout 18") is used to tie a "dog hone" insulator lo the center of 
the longer rope, and the end of the coaxial cable is secured to the center 
of the dog bone insulator. One end ol'each half of the dipole is secured 
to an eye of the insulator, and connecting wires are then soldered 
between the dipole and coax. Tlie other end ol'each half of the dipole 
is then secured to an egg insulator, each of which is bound to the rope 
with nylon cable ties. There should he a little slack in each half of the 
dipole. The rope, with antenna attached, is finally hoisted and secured. 

I've used this arrangement for several years now and it has 
endured ice storms, squalls, blizzards, and even the remnants of 
hurricanes. So if you want to raise a wire antenna and not have to 
worry about its staying up, hang it--don't stretch it. 

-DE NVtE 

PHONE JACK FOR ISOLATED LINES 
Frank Rrumhaugh, W41Jn (fonneriv i34ZCC) i.9 still 

down in Salinrrs. PR ntrd .xtilI chrm~ing 0111 the idea.s!-It's easy to add 
a phone jack to rigs likc thc MFJ-9420 and SGC's SG-2020 that use 
floating audio lines to the speaker and which cannot be grounded. 
Figure 4 shows a standard monaural jack, but the mounting portion 
which contacts the shell of the plug must be insulated. Plugging in the 
phones mutes the speaker. Although those little jacks ~nclosed in 
black plastic are, I believe, available where the mounting is isolated 
from the innards, I wouldn't bet the f m  on it. Also, those don't seem 

AC6SL followed up with this--"I remember more of what was discov- 
ered in the case of the LM386 motorboating: I .  Reducing the gain by 
removing thc external feedback resistor had little effect. 2. Increasing 
the bypass capacitor on pin 7 had no eifect. 3. Adding the RC trap on 
the output, which is shown on some application notes, had no effect. 
4. Increasing the power supply capacitor helped a lot. 5. Replacing 
some of the cheap electrolytics with good tantalum caps eliminates the 
problem. lh is  includes the bypass cap on pin 7 of the LM386. I always 
thought the selection of bypass caps was non-critical; I was wrong! 

Finally. WlHUE followed tip with this in private e-mai1~- 
Tantalums have much lower internal inductance than electrolytics and 
thus make much better bypass caps - even at audio frequencies. They 
are also more stable. I have curedinstabilities in low quiescent current 
CMOS voltage reeulators hv usine a luF or so tantalum outout b m s s  

L. - . 
cap in place of a I OuF electrolytic. I personally use dipped tnntalums in 
place of electrolytics now in just about everything I build except when 
I need a bypass (or audio coupling) cap >50uI or so. The only thimg 
that electrolytics are really good for, in my opinion, is for doing "heavy 
duty" filtering in power supplies. They are much better at handling 
high surge currents than tanlalums and are VERY much cheaper when 
you get to the 1000+ uF sizes needed in power supplies. But I use 
tantalums (or monolithic ceramics for RF) for power-bus bypassing at 
the circuit hoard level. [Just make sure you install tantalum caps with 
lhe colreet polariw. rrwersed, they will self desfrucl in short order. 
and leave a nice mess. This has been reported foryears, and I've seen 
it personallv when I did it deliberately during some experiments. 
-- WA8,W(TQ/ 

to last too long. A SIMPLE SWR METER FOR ORP LEVELS 
if ere',^ a near little circrrir Jouttd on the web page of the 

1 Minne.vota QRP Cluh (www.q,sl.net/mnqrp/i which is run by Claton 
FFAhlE I \ ISI ILATED I Cadmus. KAOGKC. The author is Rob Liesenfeld WROPOe 

- I  T 1 -  wh0maf3vrsr.com. . . ~. 
This article describes a simple SWR meter that I have built 

using readily available parts. Note that no attempt has been made to 
ensure accurate power readings, as I am usually aware ofthe approxi- 
mate power level I'm running. I simply wanted a circuit that would fit 

Figure speaker jack to rigs with audio in a small enclosure, and give me an indication of'miniium' swr. This 
circuit does the kick. It is based on the ever popular WM-1 made by lines that cannot he grounded. Oak Hills Research, with a few changes. (The W - I  itselfcombines 
features of the GQRP Club's Storkton Wamneter and the W7EL QRP 

-DE W4LJD wattmeter described in the Februarv 1990 issue o f  OST and also in the 
ARRL bwk.  QRP Classics. While i; was popularized m the QRP world 

MOTORBOATING IN LM386 AUDIO AMPS by the ".Stockton wattmeter" article in SPRAT severol~years ago, by 
fnrre lasrr,ear, someone asked for help on the homebrew mail 

reflector /homehrewidath.t~et~ about a ~ r o b l o n  with motor baa tin^ in I I .. 
a ~ a d i o  shack compurir spe&r set, anb here are rome of the replies. 

From John NoRafch, AC6SL @tn@te-catr.com)--I recently 
ran into the same problem with a version of the Pixie transceiver, while 
running it off a small 9v battery Several things were tried, but putting 
a larger electrolytic capacitor on the LM386 power supply pin was the 
cure for the motorboating; the cap is physically larger than the LM386. 
Running it off a better DC supply would also help. 

From our features editor. Lorry EaW (wlhue@omsat.orpj-- 
Before going this "hrute force" route, try the following: Add a 1 to ItluF 
bypass cap from pin 7 to ground (if you don't already have one there). 
The purpose of this cap is to decouple the high gain input stage from 
the power supply. If the supply is not particularly "stitY, you can get 
feedhack to the input (hence "motor boating") if pin 7 is not properly I 2- 

m 
bypassed. To he most etrective, the bypass cap needs to be at least 1 uF 
(a 3.3 or 4.7 uF tantalum is a good choice). Many designs using the 
LM386 leave pin 7 open, or only use a small (0.01 or 0.1 uF) hmass Figure k o u p l e r  portion of the QRP SWR meter. Be sun 
cap. A very BAD practice! to ground one end of each piece of coax, and only one end. 

(WASMCO drawing 
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Figure &Overall circuit of the QRP SWR meter by WBOPOQ. (This drawing was imported from the web page of the Min- 
nesota QRP Club.) Details of the coupler (TI and T2) are shown in Figure 5. 

David Stockfou. GM4ZNX: this particular coupler circuit has been frequency response of the coupler s t q s  about the same but the outp~rt 
armtndfor quite some time. It has appeared in Q.ST and Ham Radio is lower ocros.v the entire range, which means that you get reduced 
 magazine.^. Hewlen Packad joumal,~, and even in a US patent appli- sensitivir)i That's not a majorproblem at QRO levels, but when you 're 
cation in the 1960's! A >,en) good dercnpt;on of it',^ operation can be nmning QRP it  make,^ a big difference. U % S M C Q ]  
found on page 157 ofintrducfion to Radio Fre~uencv Desim bv Wer I used an LM324 IC as it can be had at Radio Shack and runs 
H w r d ,  W7Z(11, available from ARRL. --WAaMCQ] otTa single supply. The values shown in this part of the circuit are for 

I built this circuit up dead-bug style, as I do most of my a 200uA meter movement I happened to have. A different meter may 
homebrew stuff. A little planning results in a compact, and symmetri- require changing these values somewhat. The rest of the parts can be 
cal layout. (Symmetry is important for the section containing TI/T2). had from Radio Shack or Dan's Small Parts. 

Note that TI and T2 are somewhat unusual. Start with a To use, connect your TX to 11, a 50 Ohm load to J2, set the 
FT50-61 core. Wrap 24 turns of enameled wire on it (size not critical switch to 'Toward' and adjust R for appmximatelv full scale deflection 
as long as it fits). Spread the tums out to cover most of the core. Next on key down. Switching to 'reflected' should show very little or no 
take a 1 inch long piece of RG-58/U and strip about 118 inch of the deflection. If not, check your wiring. 
jacket off both ends. Remove the braid covering the dielectric on one This circuit should work with QRP rigs in the HF hands, 
end, and twist the braid on the other end into a pigtail. Slip this although I have made no attempt to try it on other than 20 and 40. 
prepared cable through the prepared toroid, and connect one end of the -DE WBOPOQ 
enameled winding, as well as the braid to ground. The other end of the 
enameled winding connects to the anode of Dl as shown. One side of EASY AUDIO FlLTERING FOR THE PMlE 
the center conductor of the coax attaches to the input connector J1, Here's a recent QW-L post ,from Charlie Panek, KX7L 
while the other end goes to the output wnnector, J2. (charlie@~lsid.hp.com)--I recently threw together a Pixie to play with, 

Take another FT50-61 core, and create another assembly as and put it on 20 meters (but that's another stoq, which will be printed 
above. Connect one end of this core's enameled winding to the output in NorCal's QRPp). I haven't had a QSO with it yet (last weekend was 
connector, while the opposite end goes to ground. One end of ~s core's one of 'those* weekends), but I did get to listen a bit, and I guess I've 
length of coax attaches to the anode of Dl,  while the other end been spoiled by good crystal filters. What with all the digital stuff 
connects to the anode of D2. Don't forget to gmund the pigtail of this going on up several kHz, and rag chews down around 14.050, I had 
core's coax braid. This whole process is easier to do than to describe! quite an earful! 

The purpose of the lengths of coax, is to provide a single turn I got to lwking at the data sheet for the LM386, and a little 
primary (a wire passing through a toroid acts as a single turn) while the circuit labeled "Audio Amp with Bass Boost" got me thinking that it 
shield grounded at one end only, acts as a Faraday shield, (see any would be easy to add some filtering to the thing. So it's as simple as 
older ARRL Handbook for a description of this forgotten technique) this: 
whch reduces the 'capacitive' wupling between windings. Change the 10 uF cap between pins 1 and 8 to 4.7 uF. This 

[While it's important to ground one end of each piece of puts the low frequency -3 dB point at about 200 fi 
cwx,  it's also important to ground ONLY one end. I was alwavs Put a 2k ohm resistor and a 6800 pF cap in series, and wire 
curious why it was done that wqv, so I did some tests a few years back the unconnected ends between pins 1 and 5 (the output). Tlis rolls off 
on several couplers. It tums out that if hot11 ends are grounded, the the high frequency gain; the upper -3 dR point is about 1.6 kHz 
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I also tried reducing the output coupling cap from 10 uF to 1 
uF. This reduces the gain below 200 Hz, but the value you need will 
depend upon your load (I had 500 ohm headphones.) 

The result is still no 6 pole crystal filter, but it's an improve- 
ment and doesn't complicate the rig very much. The center frequency 

CtIAN1;E T O  4.7 UF 
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Figure 7-Adding a bit of filtering to the Pixie 

of the resulting "filter" is about 600 &. If that's too low for you, try a 
2.2 uF cap between pins 1 & 8 and reduce the 6800 pF cap to 4700 pF. 

-DE KX7L 

SST COYOTE KILLER -ONE EASY STEP 
Wayne Rurdick, N6KR ((svecbrdk~well.com). is the de- 

signer of more QIW rig." and accessories than I've been able to keep 
track ooj: Ife posted tl~isfix to QRP-Lfor an audio howling that can 
occur in some SST tmnsceivers (which he de.signed, and which 1.7 

available through Wilderness Radio). 
A long, long time ago someone on QRP-L suggested that the 

cure for the SSTs "howl" problem was to put an electrolytic cap 
between pin 7 of the LM386 and ground. He was right! Normally you 
don't need a cap here if you run the '386 from a regulated supply, which 
is why I let? it out. But it turns out that the LED-based AGC circuit Tm 
using in the SST creates enough of a feedback loop that in some cases 
it causes trouble. T%e pin 7 bypass cleans it up. 

Other suggested solutions took two or more parts, so this 
single cap method was the one I preferred. AAer all, I'm genetically 
programmed to Wy to keep parts count low and there isn't much room 
lei? on the SSTs PC hoard. 

I never could duplicate the problem at my QTH, so 1 enlisted 
the help of several SST owners to try this, and the results are in: we're 
three-for-three. Even 1 uF will do it, hut I already use a 2.2 uF cap 
elsewhere in the rig, so 2.2 it is. A safety margin dwsnY hurt. 

So, if you still have a coyote in SSTs clothing, kill that critter 
now with a "2.2" gauge. You can use any cap with a 10V or higher 
rating. The smaller ones will actually fit on the bottom of the PCB. 

/Wayne later asked me to m i n d  evewone that the lotest 
version of the SST, currently being shipped by Wilderness Radio. 
alreadv hay thisfir installed. -WA8MCQ/ 

-DE N6KR 
A TON OF HW-9 MODS 

I.ost ."ear, Gary Surrency, AA7MY of Chandler, AZ made 
seveml portr to QRP-I. describing his work a the HW-9. I orkedfor 
his pennisrion to use it here and he a g r d ,  but he reminded me that 
Doug Hmdrickr (KI6D.Y) had asked himjirrt. .so Doug gets credit for 
p~rhli.shing thi.rjirrt in a QRP journal. It appeared in h e  Winter irsue 
of QRIJp. I wor going to serialize it in the Idea Exchange, hut KU7Y 

sumested that I run it all at once so people don 't have to wait a year 
to get thefill s toy .  I apologize to the readerr who hove a l w d y  seen 
thir on QRP-L or in QRPp, but a lot don't read either of those. 
and this infinnation daewes  wide exposure. 

I f y u  have any comments or questions. G a v  can be reached 
at g.surrmcv@jJuno.com. 

And for those who don Y already know about it, QRPp is the 
publication ofthe Northern Calijomio QRP Club (NoCaCol), an excel- 
lent QRP journal ofconriderable size with lots and lots of technic01 
content. I highly recommend it. And for those ofyou with an Internet 
account, be sure to check out the NoKal web page, run by Jeny 
Parker. WA60WR. The URL i.s www.jix.net/norcal.html. It has a lot of 
good info as well as links to many other QRP sites. 

The HW-9 is a fine rig. However, it does have some prob- 
lems as delivered by Heath. In this article, I hope to show how to 
improve the performance of the HW-9 and encourage others to try their 
own hand at problems areas that their rig may exhibit. Feel free to 
contact me with your own mods, or any questions that this material 
may create. 

Please note that I find Molex IC pins to be invaluable when 
substitutingcomponents, as they can be individually installed for 
transistor, diode, capacitor, or resistor sockets. This saves damage to 
the PCB, and allows me to try different devices without reaching for 
the soldering iron each time, or removing or replacing the PCB be- 
tween tests. 

These socket pins come on a "tree" carrier that you can use 
for various IC pin counts, and are separated normally by snapping off 
the "tree" aAer installation. When used individually, they are a little 
more difficult to get installed straight without burning your fmge~s. I 
use a 114 watt resistor as a holding tool as I solder the individual pins. 

KEYING 
The first thing I noticed when I received my HW-9, which I 

did not build, was that the keylng was pretty sofi This was especially 
true when looking at the trailing edge of the keyed waveform on an 
oscilloscope. There was just too much of a "tail" on the key-up portion 
of the envelope. Although the HW-8 Handbook has some ideas on 
correcting this problem, I chose my own method, and it is simpler. 

It seems that capacitor C578, a 47 uF electrolytic, is way too 
large in value. I found I never needed to turn the Mute Delay control 
anywhere n w  its maximum, and so I began to examine this part of the 
schematic for ideas. By simply changing C578 from 47 uF to 10 uF, the 
key-up waveform edge became much shorter. After this change, I still 
have plenty of Mute Delay for all practical purposes, but I noticed the 
shortest setting of the control permitted a little T/R click to pass into 
the audio chain. It seems the large 47 ~ original value for C578 delays 
the turn-off characteristics of the keyed line. 

By changing R444 from 180 ohms to 1500 ohms, the proper 
range of Mute Delay is preserved, and the TiR click is eliminated. 
There is a click at full audio gain, hut this seems unrelated to the Mute 
Delay time constant. It may be due to the DC coupling from U306 to 
Q30.3, hut I don't think it is significant unless yon are hard of hearing 
and like to run your audio gain fill1 tilt! 

I also observed the leading edge of the keyed waveform is a 
little fast on rise time, and sounds kmd of "hard" when mo~tored on a 
local receiver. A quick improvement for tlus behavior can be had by 
changing C435 from 2.2 uF to 4.7 uF. The rising edge of the keyed RF 
waveform is a little slower now and sounds better. Tly several sizes of 
caps if you want to see what affect it will have. 

RECEIVE SENSITMTY 
IIeath has always tended to use the MPFlO5 junction FET in 

a lot of their kits. This device has a very poor transconductance, as 
mentioned in an article I read in 73 Magazine on "How to Make a 
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lliat the I'A transistors 0405 & 0406 are much c w l ~ r  in operation Ile 2N7000 on mine, and although it worked well at killing the audio pops 
safe and hold the output level at 5 watts maximum. during Mute, I decided the 2N3643 worked just as well and did not 

I'ni curious as to why Ileath didn't design the I'A stage as a require another resistor as the 2N7000 would. Several mods have 
push-pull output. as it is almost as simple as the parallel PA deign appwred i n  various publications a b u t  putting a saies Mute FET in 
thcv used. One day 1 might lr\; to changc it to push-pill1 as the1 would thc uudio lead to the input ofthe AI: power output IC, hut this requires 
insure the two transistors share equally in the load, and second-order more elfort and modilicatio~is than just finding the "right" muting 
harnlonics \vould he even less. So~iie hiasing changes might he neces- transistor ibr 0303. 
SIT, hut the parallel scheme works just line, although if the two 
MW237s arcn'l pretty close in characteristics, one ofthcm will "hog" HELP FOR THE BFO. VFO. ETC. 
~iiore ofthe load t11;in the other. I f  your rig's output is low on all hands, If  you still can't get enough output on your rig after doing 
one MKI.237 is proh:~hly toast~ul. the predriver mods for Q401 and 0402, you might have low output 

from the RFO circuit. Note on the schematic how the oulput level of 
lord ofJ~vr posri~r~ lo QRP-1.1 the 111:O is varied hy the CW Level Control on the front panel. Diode 

1)143 is used lo shunt a portion ofthe HPO signal lo gound before it is 
ACC MODS introduced into the SI1L.-I hilateral diode ring mixer. 'This is a rather 

The A C i  is too fast for my tastes, and the S-meter tends to unconventional yet erective wav to control the transmitted power 
heat itself to death on CW signals as it jumps up and down on cvey level. 
CW character. There are a couple of ways to slow the AGC and Since Heath commonly used the MPSA20 (Heath pn. 417- 
S-meter oplration. liithcr decreafc the value of C317, u 3.3 ul; elcc- 801) device in many kits and circuits such as the RFO in the HW-9, I 
trol\tic. or increase the value ofR312. Or, do both! I decided to simply figured it was prohahly not the ideal device for RF applications. Once 
remove R3 12. a 47k 114 watt resistor that is the primarily discharge again, some improvement can he gainud by selecting a hetter device for 
path for C317. This slows the AGC and S-meter quite a hit, and is easy sollie of the 111:O stages. There are a couple of choices here to ohtain 
lo do. C317 then discharges through R311 and R309. as well as R316 increase DI;O drive - b t h  for the lransmitter stages and also for the 
and lF amplifier 1J301. Some discharge alsooccurs hv way of 1)306 receiver's Product Detector. You can either pull out several of the 
and the S-meter F T l  amp. l lcnth 417-801 transistors and select the best ones for critical circnit 

While tying several caps for (317% I fotlnd a 33 uF cap locations, or use another device altogether if ).ou don? mind replacing 
produced a b u t  \vhal I wanted lnr the AGC time constant I S-meter the original I l a t h  parts. 
behavior. Hut I concluded such a large value of capacitance might load Since I had some Heath 417-801 spares from my SH-IWA 
the AGC output level ofU302, causing a loss of proper attack time and rig, I decided to pick a few of them for the BI;O that gave me the most 
AGC peak voltage level. I therefore decided on removing R312, which output without making any other changes. If you remove several 417- 
prduccs a b u t  the same atTect on AGC time constant with no addi- 801 transistors from your IW-9, you wn select the ones that perform 
tional loading of the A(iC circuit. hest where they are needed. Otherwise, use MPS2222A, 2N2222A, or 

2N3904 transislors that are widelv available. 
TRANSMIT 1 RECEIVE TRANSITION IMPROVEMENTS IJsing Molex pin sockets ibr Q113, Q114, and Q115, iry 

Much ol.thc improvement ofthe 'TI13 switching is achieved several direrent transistors for the greatest and cleanest output of the 
hy the mods to the keying circuit mentioned earlier. Ilowever, some 111:O. Monitor the RFO level using the Heath provided RF detector at 
additional improvcmenls can still he had hy addressing the receiver test point '1'1'104, and lo r  the S-meter during transmit as it monitors 
muting. 'l'ransidor 0303 is a MPSNO (Heath pn 417-801) general relative power output. You should not increase the Roo's output to the 
purpose device. It lacks the low ON saturation voltage and switching point that spurious output is developed from overdriving the SR1.-I 
characteristics needed in muting the audio input to 11306, the A1: mixer and succeeding transmitter stages. You wouldn? want lo undo all 
po\ver oulput amplilicr. the work just done in the predriver stages hy applying too much BFYO 

IJsing Molcx pins again, 1 tried a large number of NPN injection! 
transistors for Q303. Most of the high gain, low VsatON devices I found a couple of 4 17-80 I I leath transistors that were much 
perfomled better muting of the audio line and helped reduce the sinall hetter than the original devices in the RFO stages. The most critical 
'I'm pops during fast QSK settings of the Mute Iklav adjustment pat, device is QI 13 for dccent BFO injection to the receiver Product 
lklieve it or not, the hest device turned out to he a spare Heath Iktector, U303. For the transmitter HFO injection. Q114 seemed to he 
transistor I had for mv SH-104A transceiver! It is a llenth part numher, more a factor than QI 15 (as you might expect!), and the increased UFO 
417-233, or a 2N3M3. signal made nvailahle allows the CW Level Control to be adjusted to a 

If vou ctin't find something similar, look for a high hela lower setting for g d  output and smooth control of the PA output 
audiotransistor with 600ma to RWma maximum collector current level. 
rating. Ille NTE replacement guide shows a NTEI28 as a possihle In fact, the additional BFO output actually seems to make the 
part Run the audio gain at near maximum while keying the rig at the CW Level Control more broad in its adjustment. This is prohahly due 
shortest Mute Delav settings lo find the quielest transistor. Note that to a greater availahleamount of BFO RI; into Dl43 at lower settings of 
you should 'not' turn the AF gain to its maximum setting, as this will forward hias from the CW Izvel Control, rather than wi~en it is almost 
induce another T/R pap that is practically impossible to eliminate hinsed completely off for greatest PA power output when only low DI'O 
without li~rther modilications. This was mentioned earlier in the sec- drive is present. Dl43 must have a more linear affect on the output 
tion on KI:YING mods. level while it is still partially Coward biased versus when it is nearly 

It is also *not* necessary to increase the CW Level so that completely biased oK 
the rig is transmitting, unless you think the additional current draw The MI'F105 used for the HFO oscillator fumed out to be 
might introduce more 'I'm noise. I did not notice this with my rig. more than adequate, and so it was not replaced. After selecting your 

I should ~ii~ntion that a 2N7000 1UOS FITT could he used as favorite part l'nr 4113 - Q115, he sure to re-adjust the RFO f~quency, 
a muting transistor, hut unless a discharge resistor is added from the and F3FO filter inductor 1.1 37 as outlined in the manual. 
Gate to ground, once the Mute signal is applied to the 2N7000's (;ale, 1,ow VI:O output can be corrected with a 2N3906 at Q106, or 
it will "latch" and not turn off during the return to receive! I tricd a try several Heath 417-234 transistors (2N3638A) if you have them. My 
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VFO does not exhibit much dnR, and other info on tracking down 
excessive dritt is covered in the EIW-8 Handbook. 

I used a 5.6K resistor across Transmit Return control R131 to 
make it less touchy to adjust. Just tack it onto the outside leads of the 
lrim pot from the top the PCB. If 5.6K is too small, try a 6.2K 
resistor instead. The object is to make the adjustment of the Transmit 
Return voltage very broad, rather than the difficult adjustment it 
previously was. Another method would he to use a smaller control than 
the 50k pot Ileath provided, and adjust the ratio of R127 I R131, hut 
the parallel fixed resistor across R131's terminals is easy and neat. 

VFO DRIW PROBLEMS 
The small vernier drive used to tune the VFO cap has low 

torque, and the VFO cap is offen mis-aligned with the drive mecha- 
nism, causing hinding and slippage of the dial. 1 checked the W O  cap 
shield for squareness, and it seemed OK. Flowever, the VFO capacitor 
itself seemed to he non-perpendicular from the rear mounting surface 
to the shatt. Many HW-9s have one of the VFO shields removed, since 
this makes the shields more rigid to flexing, with the result being the 
dial and shatt will bind. 

Also, il.the vernier is not properly mounted and the hex nuts 
at EACH end of the vernier tightened properly, there is not enough 
torque to overcome VFO drive friction. Re sure the vernier nut closest 
to the small pinion that is part of the VFO variahle cap is snug. If that 
is satisfactory, tighten *only* the front hex nut on the vernier to 
secure it to the VFO shield. It is wise to leave the three mounting 
screws on the rear of the VFO slightly loose and rotate the W0 
tluough its entire range of rotation before final tightening of the vernic~ 
drive and the W O  capacitor mounting screws. Find the location of the 
VFO cap mounting that results in least hinding. 

If it still binds, either place thin shims hetween the VFO 
capacitor and the rear of the VFO shield, or leave the VFO cap 
mounting screws just slightly loose, but not too loose, Try turning the 
VFO cap to the point of greatest binding, and then make small move- 
ments in the vernier drive andlor VFO cap mounting screws until it 
frees up a hit. 

I was able to retain the second VFO shield (which I had to 
fabricate, since it was missing from my EW-9) and find a workable 
adjustment of thc shield and W O  mounting screws. ' f ie  slide-on 
second VFO shield is useful in making the knob and tuning shatt "fcel" 
more rigid, as without it, the single "U" - shapcd W O  shield is 
inadequate for overall VFO rigidity. A "box" shape is many times more 
rigid than a " U  shape, so use both shields if you can without excessive 
dial slippage. The rotation of the dial should he light and free of 
binding iT you can get it all to work out properly. It is a poor design, 
and 'very* temperamental to assemble. 

[end of second post to QRP-L] 

HW-9 VOLTAGE REGULATOR 
Change IJ402 from a 78L08 to a 78L09 regulator, and replace 

D409 with ajumper wire. This will give you a nice solid 9 volt 
regulated supply with better regulation and slightly cooler operation of 
lJ402, as it isn't drnpping ns much voltage. I thought I could hear a very 
slight "chirp" on the transmitted signal hefore I made this change, and 
the original setup only provided about 8.6 volt with the dicdc in series 
with the replatois ground pin. The diode is not in the error feedhack 
loop of 11403, so the regulation is not what it should be. The additional 
few tenths of a volt and better regulation are welco~ne in the VFO, 
second lF filter/amplificr, and AGC circuits. 

Notice that as Heath designed the radio, the RFO isn't 
operating from a steady regulated source. Many critical circuits in the 
rig are powered direct from the poorly regulated 12 volt main supply, 
rather than an accuratelv regulated solute. 1 will later descrihe mods to 

the PSA-9 power supply to correct poor regulation that can also 
contribute to frequency shifts during transmit. If you use a different 
power supply to run the radio, be aware that its stability under load 
needs to he good to keep the signal from chirping, as the BFO and HFO 
do not like an unsteady DC source. Frequency stahility from these 
circuits is cmcial to signal quality. 

IMPROVING THE PSA-9 MATCHING POWER SUPPLY 
Heath really did a bad job on the power supply for this great 

l ink rig. The original design has three series-connected IN4149 
diodes in the ground lead of a LM7XL12 three-tenniual 100 ma 
regulator. This is to compensate for the approx. 0.7 volt drop in the 
current-boosting transistor that is added to increase the output cwrent 
capacity to 1 amp, and to also boost the output voltage to 12.6 volts or 
SO. 

This is bad practice for good voltage regulation, since the 
added diodes and series current-boost transistor are all outside of the 
LM78L12 regulator's ermr amplifier, which in itself is a pretty good 
device. It's just plain had design, and whoever at Ileath designed this 
should have k n o w  better. Heck, an ordinary LM7812 would he 
simpler and much better regulated, but I wanted to have the ability to 
i1d111st lhc o111p11t voltage and srlll have p o d  regulnt~on 

1.ntr.r the I.M3171 three-lenn~n;rl ;td~ustahlc reeul;ttor. fK/S . ~ 

p.n.276-1778, $1.99) I stripped all of the & t s  off o i the  smaller 
terminal strip in the original design, and saved the diodes in the bridge 
rectifier. I decided to use a 4700 uF 35v filter cap instead of the 2500 
ul' 50v cap IIeath provided. The Heath cap is probably adequate, hut I 
had the Radio Shack electrolylic (WS pn. 272-1022, $3.95) and felt the 
added filtering couldn't hurt. 

Since I like a narrow range of voltage adjustment, I employed 
a 100 ohm tnmpot for the fme voltage adjustment, and used fixed 
resistors to set the limits of voltage ranges. A 150 ohm 114 resistor is 
uscd from the output pin of the LM3 17'1' to the adjustment pin, and 
alter doing some calculations and a few lrial and error tests, 1 used a 
parallel combination of a 2.2K and 3.9K resistor between the adjust- 
~netrt pin and the 100 ohm trimpot that connects to ground. The 
resulting range ofadjustment is about 13.1 to 14.1 volts, with 13.6 
volts near the trimpot's center setting. 

MAKING THE MODS TO THE PSA-9 
Mount the 4700 uF 25 v (or re-mount the original 2500 uF 

50v cap) electrolytic on top of the larger terminal strip to provide room 
to work on the new regulator circuit that is built on the small tenninal 
strip. Remove QI,  and the small terminal strip from the power supply. 
Remove the pilot lamp assembly and save it for later re-installation. 
Slrip all of the parts from the small tenninal strip, and save the 100 uF 
cap for later re-use. The IN4 I49 diodes, the 1 ohm 2w resistor, and the 
1500 ohm 114 resistor can all be discarded or tossed into the junk box. 
Clean all of the solder, flux, and crud from the small terminal strip 
using a Solder Sucker or Scder Wick and acetone and prepare it as 
f o l l o ~ :  

Cut the terminal strip so that it has only 7 lugs, with 4 on one 
side of the ground lug and two on the other side of the ground lug. 
Mount it with the 4 lug side towards the left edge of the power supply 
chassis as viewed from the fmnt panel. This is flipped from the way it 
was originally mounted. You may want to pre-mount most of the 
following parts to the terminal strip temporarily mounted on the out- 
side httom of the chassis for convenient access to the lugs. 

If you have another value for the trimpot, youll need to 
experiment with the fixed resistors hetween it and the adjustment pin 
to get the 13.6 volts or so I think is ideal for the HW-9. Use another pot 
of 3K to 5K in place of the fixed resistor for a coarse control and use 
the small value trim pot you'll keep for the fine adjustment. Set the 
range with the 3K or 5K pot with the 100 ohm to 500 ohm fine adjust 
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and move any caps andlor diode Dl 18 so that no parts touch the coil 
shield when it is replaced. 

Check vour junk box to see if you have a 33 pF or 36 pF 
N150 to N220 disc cap. Replace C184 with this value. I used a 36pf 
N220 in mine and the VI:O freq. drifl has decreased to only 400 It.. 
(downward in freq.) in the tirst thirt?. minutes, stabilizing within a few 
Hz afler 30 minutes. Try another N-valuc if you don't get good results 
with this recommendation. 

1 noticed that bv taking a plastic drinking straw, and blowing 
gently on *only* NPO caps C186 and C I88 there was a big decrease in 
VFO frequencv. So although they are Nl'O's - thcv don't sn.m to be 
very temperature stable. 

They are also outside of the W O  inductor shield, so thcv are 
exposed toa ditrerent environment than the caps within the VFO 
inductor shield. With the tW-9's cover on this might not pose such a 
problem, hut I would like to try some other NPOs for these caps or 
maybe some that have negative temperature coeflicients. Just he aware 
that these caps are a potential prohlem for temp, stahilitv since thev are 
exposed and have a large inlluence on the M O  freq. 

Compnsating CI 84 inside the VFO inductor shield is not a 
cure-all. hut it helpcd a lot with my rig. I would recommend not adding 
dial or meter lamps to the rig. since that would present a large source 
of heal that would adversely affect the temp, stability. 

HW-9 TIR CIRCUIT CHANGES 
There was a mod hv S.W. McLellan, ND3P. to the T/R 

switching circuit that appeared in QEX for October 1990 and was later 
reprinted in theAKRI;s "QIIP Power" hook. It is fairly involved, hut is 
said to increase the sensitivitv on 12m and IOm I'lus, it also clues a 
prohlem of transmitted RF getting into the receiver circuits, particu- 
larlv the receiver K12 power source. At KI: output levels just a little 
above 112 watt to I watt, D407 starts to rectify some ofthe transmitted 
RF and places a negative potential on the positive K12 line that goes 
toward ground potential on transmit and should stay close to 0.4 or 0.5 
volts. The rectified KF drives the R12 line more negative and upsets 
the base - emitter junction of Q103 in the VFO RI'I circuit. This is a 
had thing. 

Ifvou listen to the transmitted signal ofthe HW-9 on another 
receiver while vou vary the rig's output with the CW level control, you 
will detect a big change in the transmitted frequency. Not only that, the 
RITcontrol that is supposed to be deactivated during transn~it has 
amsiderable en'ect on the transmined frequency! Because ot' this, 
your TX offset that is supposed to be de(ermined 'onlv* by the BIiO 
being pulled 700 Hz lower in frequency won't be correct at all. And 
this prohlem varies from hand-twband with diflerent power levels. 
What a pain this is! 

In addition, the TX return adjustment provided hy R131 is 
badly upset by the negative R12 voltage applied to Q103's base. If you 
put your digital voltmeter on Q103's emitter, you will see what I'm 
talking about. The rig's liequency wanders all over the place with CW 
level adjustments and RIT position during transmit. tlere's how to fix 
it. One way is simple, the other is not. 

You can elect to do the full TiR mod as suggested hy ND3P 
in QEX or the reprint in QRP Power. This requires removing the T/R 
printed circuit board and adding some genuine PIN diodes, a transistor, 
and changing a few additional parts. It is pretty diflicult to do, hut the 
reward is said to be improvement sensitivity on I(lm and 12m. I 
decided to pass on it because of the complexity involved. 

There is simpler fix I have come up with. Clip and lit7 one 
end of R132, a 10K 114 watt resistor on the OSC printed circuit hoard. 
Tr?. to leave a little bit of lead between the resistor lead and its bodv, 
and the clipped end at the PCB. Solder a IN4148 or IN914 silicon 
diode hetween the clipped leads, with the cathode (handed) end facing 
toward 0103's base lead. You're done! Now if you check the freq. while 

changing the transmitted output level with the CW Level control, the 
transmitted frequency is rock stahle. Similarly, the RIT control during 
transmit will have 'no* etrect on the lransmittcr's frequencv at all. 
Success! 

Note that the TX Return adjustment with trimmer R131 is 
stable now, and it does not change thc voltage at the measurement end 
of K127 when you set it with vour DVM and vary the CW Level 
control. Put a 5.6K or 6.2K resistor across R131 if you want it to he 
less critical to adjust. 

The addition of the diode in Q103's base lead prevents the 
RI2 voltage that goes increasingly negative during higher RF output 
levels from upsetting Q103 and varying the voltage on RIT diode 
I)I 1%. ll~c rig sure is stahle now, at any pow- level and on all bands. 
No doubt this fix makes the rig sound better on the air, and when you 
change the KIT control during a QSO, vour transmitted frequency uIll 
stay put. 

BFO TX OFFSET ADJUSTMENTS 
With the transmitted tiequencv now stahle, regardless of 

power level or RIT position, you might want to check the TX offset 
frequencv lo see if it is 700 Hz as it should he. Using a freq. counter or 
.separate receiver, check the freq. at TP104 on the OSC board. Set it to 
R.X314(W Mllz with L135 through the hole in the metal shield. 

With the CW l ~ v e l  turned down to prevent the PA transis- 
tors from overheating, check to see if the freq, changes to 8.830700 
MHz during transmit. Or, if vou are using another transceiver to check 
the frequency, you'll need to allow a small amount of transmitter output 
in order to hear the HW-9's signal while using a dummy load. See if 
the transceiver you use for calibration has a 700 Hz TX offset and 
adjust it if necessary. My TS-5701) tracks its CW sidetone with the TX 
ollct  freq., so it is easy to match the t1W-9's received audio frequency 
with the TS-570D's sidetone and then listen to the HW-9's signal on 
lhc TS-5701) for the same audio note. No re-tuning of either rig's 
tuning knob should be needed when the BFO (TX) ot1:set is correct. 

If the TX offset is not close to 700 Ik ,  vou'll need to change 
capacitor C205 under the BFO shield. I used 1C socket pins and 
selected a 75 pF silver mica cap from seven or eight I had on hand until 
I got a 717 lb TX otl'set. You could also use a combination of a smaller 
fixed cap oT47pf or so, and a tiny trimmer of 6-30 pF if you want to set 
it to exactly 700 Hz. 

MORE ABOUT THE HW-9 TIR CIRCUIT 
While 1 was investigating the prohlem ofpoor RF isolation in 

the T R  switcl~ing and the effect it has on the R12 control voltage, I 
noted some things worth mentioning. Diode 1)407 is under a great deal 
of stress. On my rig, the output on 80m wn be as high as 8 or 9 watts 
if you aren't careful with the CW levcl control position. This much RF 
voltage can possibly destroy the IN4149 diode used at 1x07, sincc it is 
essentiallv across the PA's at T403 right before the output filter 
network. If D407 fails (and it did fail once in my rig), it shunts all of 
the PA output and the PA transistors are in danger of destruction. If 
this happens, you will hear the power supply groan a loud h u ,  and the 
o111put on the relative power meter will go vcr?. low. If this happens, 
stop Uansmilling immediately and change D407! 

I put some IC socket pins on the PCB wberc 11407 goes, and 
tried some diodes to see which ones allowed the best RF isolation and 
best receiver sensitivity without modifring the bias circuitry as Heath 
designed it. A number of lN414X's and 1N4149's (the same as Heath's 
pn. 56-56) were tried. Some got pretty warm when the output level 
exceeded 5 watts. Normally, you wouldn'f exceed 5 watts in operation 
- hut you might during tune-up or on 40m and 80m where a lot of 
output is available. I suggest you check your HW-9 by touching D407 
ailer (not during, or you'll get a small RF bum!) a few seconds of 5 
watts or greater output. If D407 is warm to the touch, you have a 
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prohlem. You are also potentially losing some RF on IOm and I2m that 
is needed. The risk to 1)407 is greatest on XOm, where the RF output is 
maximum. 

I tried several diodes in place of D407, including IN407s  
and even some IN5767 PIN diodes. I h e  IN400Ts got very hot and 
leaked t m  much KF into the receiver and the R12 control circuit. l h e  
IN5767 PIN diode failed quicklv when the output went past 4 or 5 
watts, since it is n d  biased adequntely with the given circuit. I finally 
found a IN4 149 or two that remained cool, even at KI' levels of up to 9 
watts on 8Om No other changes were made. 

Rather than r~xlesign the whole circuit or do the N13P mod, 
I settled on a hand-selected IN4149 diode for D407. It leaks only a 
little RF during transmit into the R12 control circuit, and the diode 
added to Q103's hasedescrihed earlier corrects that prohlem. I h e  
receiver sensitivitv 1s good, but if vour HW-9 lacks sensitivity look at 
possihle low RFO injection into theproduct detector. Low RI:0 output 
at the 'IX /OUT point on the schematic will also limit the transmitted 
output level, as mill low VFO output. Check these areas, and the 
previous I IW-9 mods I wote about concerning the transmitter stages. 

You might want to put a voltmeter on your IIW-9's R12 level 
and verify it does not go dangerously negntive during full transmitter 
output. Ihat could potentiall) harm some other components, although 
a reverse-biased diode across RI2 to ground would hold it to 4 . 6  vnlts 
-just in case. That might occur at high SWR levels or if you happen to 
accidentallv transmit into an open load. Just keep in mind that exes- 
sive RF passed through D407 represents a loss of desired transmitter 
output, and possihle prohlems u ~ t h  other areas of the transceiver. 

MOD THE MUTE ClRCUlT 
You should definitely do the mod to the mute lead of 1J301 

that ND3P suggests, as this quiets another source of audio pops and 
prevents the S-meter from incorrectly displaying AOC voltage during 
transmit. It is simple, and easv to perform. See either the ARKl.'s hook 
"QRP l'ower", or QEX for Octoher 1990. 

SUMMARY 
With the added VFO stability and lack of frequencv shifi 

under varvme RF outnut and RIT owration. I know vou will eniov vour 
I N - 9  m;cl;more. ~ u c h  credit aiw gocs' to the dntrihuto& bf the 
IW-8 handbook, and other articles found in QST, QEX, etc. Those 
sources are a good place to look if you want additional information on 
improving your tW-9. 

-DE AB7MY 

TESTING A RADIO SHACK RF CHOKE 
I:rom mc. WARMCQ. K161)S ;IS!& me lo do some tests on 

those 100 ull chokcs that lladio Shack sells, part n u m k  273-102C, 
and cost about a dollar. 'lhey are about a quarter inch in diameter, 1.3" 
long and have two lavers of wire. This was in coniunction with the 
redesign of the IleMaw Tuna Tin 2 using modem components; the 
original (as well as the subsequent Sardine Sender'?) used some of 

I these coils with tums removed and he wanted lo know how they 
periormed. (The redesip will he using toroids instead but he was 
curious.) 

The forms are what is believed to be roughly equivalent to 
61 ferrite material, and one thing I found was that they are 

somewhat hgile.  I h e  leads are glued into holes in the ends of the 
forms, and if they get t w  much handling they can hreak out of the 
form. A little hit of 5 minute epoxy will fix them up if that happens. 

Ilere's the info that I already .sent to Doug (with a few 
changes). If I made errors in some of my assumptions or techniques, 
or if anyone wants to add anything about the technical topics dis- 
cussed, I'd be more than glad to licar about it and share it in a future 
Idea Exchange. 

I bought two and checked them out on an HP 8753C network 
analper. (ThaCs a piece of equipment that falls into the class of Dead 
S'rious and Very Expnsive rest 1:quipment .That RF Engineers Sell 
Their Grandmothers to Get Access To.) ( h e  was lee stock, and the 
other was measured stock and then with various amounts of wire 
peeled otT. I lirst stripped off the top layer, leaving just the 27 turns 
(or so) ofthe first laver, then I checked it again at 20 and 15 turns. 

The bottom line is that the stock choke really should111 he 
used on anv ham hand higher than 1.8 MHL since it's self resonant 
tiequency is ahout 2.6 Mlfz, and the 15 turn version makes a dandy 
chokc at least as far as 14 MHz. ( I  had the anal- set for a sweep 
fiom 0.3 MHz-lowest possible setting-to 50 Mlb, a good practical 
range to check this coil over. The instrument itself will go as high as 6 
O11z.) The use of twc layers wound directly over each other is a killer. 
(Kcmemhc~ the big RF chokes in the old days, the three pie type, and 
how the wire was wound in a criss-cross fashion? That's done to 
reduce distrihuted capacitance and it does it very well indeed, as some 
later tests showed.) 

Originally I tvped in this parapph, hefore actually frying to 
do it: "If you still want me to strip the original winding and put 100 
tums of #2R on the hrm as you requested, let me know and Ill be glad 
to do it. I'm presuming that was with the intent of possibly using it as 
a choke at RI;, and it's pretty obvious that it would make a poor one, 
with a self resonant frequency well below any possible ham band. On 
the other hand, it might he good for the broadcast hand or LF, hut I can 
pretty much guarantee that it would he nowhere near enough induc- 
tance to be useful in any audio filtering application; the permeahilify 
of the core is far t m  low for that. If you want me to do it, let me 
know." 

Surprisingly, aner achlally frying it, the results weren't all 
that much different from the stock coil. I wound 70 tums on the wre, 
ahout all it would take in a single layer. N2CX told me the spool of 
wire he gave me was U28, hut accordmg to my dial calipers and the 
wire charts in the ARRI. handbook it lmks more like U27. Unlike the 
stock coil, I wound those 70 turns in a single layer. The results are 
detailed helow. but the bottom line is that it's prew similar to the 
inductance of the stock coil hut with vastly lower distributed capaci- 
tance. 

THE UNMODIFIED CHOKE 
l h e  stock, unmodified RF choke, with two layers of wire, as 

measured at home on my Roonton 260.4 Q meter has an "apparent 
inductance" (I.,) of 114 uH at 790 !d4s! (one of the standard 
tiequencies at which the inductance can be read directly from it's 
calibrated dial). The Q was 37 at that frequency. Corrected for the 
distrihuted capacitance (Cd) which was later measured at 43 pF for the 
stock coil, that is reduced to an even 100 uH. (At 790 klk it resonated 
with 360 pF, hut the actual resonating capacitance was 403 pF when 
Cd is factorcd in. That's 360 pF external to the coil, plus 43 internal 
picofarads. ) 

'The highest frequency at which it could he measured on the 
Q meter was 1.865 MHz, which is where it resonated with the hlning 
cap in the 2hOA set to the mjnimum of 30 pF. That gave an apparent 
inductance of 242 uH, corrected to 99.7 uH when Cd was factored in. 
Coils with large amounts of Cd can give very misleading indications 
when measured hy resonating with small external capacitances, since 
Cd hecomes a very significant part of the total resonating capacitance. 
(Ihis is a prohlem whether you're using something like a Q meter or 
just a dip meter and a handful of capacitors.) In this particular case it is 
especially misleading, since Cd of the coil (43 pF) is greater than the 
extcmal capacitance; while the resonating capacitance in the Q meter 
is 30 pF, the total amount ofcapacitance is 73 pF. 

I'm no expert in metrology so I won't attempt to interpret or 
explain some of the reading I got on the network analyzer at various 
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frequencies, except to say that the indicated inductance changes quite 
a bit with frequency, climbing rapidly as it approaches the self 
resonant frequencv. For example, at 300 kHz it shows 81 uH, 92 uH at 
I m  100~1at1.2MH,.,120uHat1.5~,216uHat2MHzand 
400 uli at 2.25 (which is getting close to self resonance). 

The important thing is the self resonant frequency, which is 
something that should not he approached when using the wil, and that 
is a disappointingly low 2.5 or 2.6 MHz. Above that, the coil appean 
capacitive, of varying impedance, up to about 12.2 MHz when it once 
again gees over to inductive but at a vastly lower inductance (single 
dgit microhnuies), back to capacitive between 19.2 and 43.9 MHz, 
and finishing up the sweep to the top kquency of 50 MHz as 
inductive. 

I originally believed that wing an RF choke to feed power to 
the final of a QRP rig operating at a frequency that is above the self 
resonant frequency of the choke is inherently bad (RFC in Figure 8). 
But aRer swapping a hit of e-mail with W7ZOI and talking with some 
of the RF engineers at work, as well as doing some tests on the network 
analyzer, I've decided that's not necessarily b e .  As always, the 

Eipure &Typical HF QRP rig final amp and filter 

impedance of the choke at the operating frequency should be much 
higher than the impdance of the circuit (I've seen rules of thumh 
between 4 times and 10 times), hut as long as the impedance is high 
enough it doesn't matter if it is inductive or if the coil has gone above 
self resonance and appears capacitive (as long as the transistor remains 
slahle). 

ONE LAYER STRIPPED OFF 
With the top layer of wire stripped off and about 27 turns 

remaining in a single laver, the indicated inductance on the 8753C was 
around 22 uH at 3.5 MHz, rising to 25 uH at 7 MHz, and 32 uH at 10. l 
MH7.. As inductors get closer to their self resonant frequency, the 
indicated inductance starts ramping upward. As 1 said, l can't really 
explain or interpret that until I talk with someone at work who uses the 
analyzer a lot, to find the practical significance of it. The important 
lhing is that with 27 tums the self resonant frequency was up to a 
resnectahle 17 MHz. 

DOWN TO 20 AND 15 TURNS 
I pulled off more wire to get 20 turns, and the R753C gave 

about 12 uH at 3.7 MHz, 13.6 at 7 MHz, 15.6 at 10.1. The self 
resonant frequency was 21 . R  MHz. At 3.7 MHz it was showing a net 
reactance of 290 ohms, and 600 at 7 MHz, both of which easily meet 
the rule of thumh that savs that an RF choke should have at least 4 
times the impedance of the circuit (presuming 50 ohms). 

Finally, down to 15 turns. (As I pulled off turns, 1 kept them 
close spaced.) The self resonant frequency was a respectable 26.8 
MIk. It heldatRor9uHthrough7MIiz, loat  10.1,11.6at 14. 7hal 
8.5 uH on 80 meters provided about 197 ohms, which is at the limit 
for the rule of thumh, hut on 40M it was almost 400 ohms (9.0 uH). 

I measured the sewnd stock wil and it was also self resonant 
at about 2.6 MHz. 

MEASURING DISTRIBUTED CAPACITANCE 
At home I measured the Cd on the remaining stock coil and 

the one with 15 turns, using the "approximate method" given in the 
Bwnton manual (which they say gives results accurate to 2 pF). I 
didn't bother doing the more exacting and complicated method. The 
"approximate method involves setting the Q meter to 50 pF, varying 
the frequency to get resonance, then going to a different frequency, 
varying the capacitor to obtain resonance. and plugging numbers into a 
formula. If the second frequency is made lo be exactly half the lint one, 
the formula is simplified a hit; the distribtded capacitance is found by 
subtracting 200 (which is four times the original 50 pf) from the new 
resonating capacitance (which will he over 200) and then dividing that 
by three. 

As I said earlier, the Cd of the stock wil, which had two 
layers wound directly over each other, was about 43 pF. "Real" RF 
chokes from the Old Days have crisscrossed wire lo keep the Cd 
lower. The 15 turn coil, with a straight, single layer winding showed 
3.3 pF. On the other hand, every single layer powdered iron toroid for 
use at HF that h e  ever measured has heen "down in the noise", 
usually getting readings of 1 or 2 pF, readings which really can't he 
(rusted anyhow since the stated accuracy of the method is +/- 2 pF. As 
far as I'm concerned, for all practical purpses, powdered iron "HF 
toroids" can be considered to have no Cd. It's there hut not worth 
worrying too much about. 

On to the hare form wound with 70 turns of wire--it 
measured 513 pF, or 1.7 pF, hugely better than the double layer, stock 
wil of approximately the same inductance. At 790 k l k  it resonated 
with 343 pF, or about 118 uH. Since Cd is not even 2 pF, the apparent 
and true inductance are essentially the same. As a cross check of the 
procedures, since 1 did this on a later day, I went back and measured 
the stock coil again, and got 41 pF, essRltially the same as the other 
day. 

Why did the 70 turns have less Cd than the 15 turns? My 
guess is that it's hecause the wire size was a smaller diameter, 
essentially resulting in smaller plates in the "capacitor". Although 
there were more turns, the wire size was smaller hy a suficient margin 
that the Cd was less. 

I wasn't ahle to measure the self resonant frequency of the 
form with 70 turns on it at the time hut expected it to he reasonahlv 
high. Calculations using the approximate values of 100 uH true 
inductance and 43 pF Cd for the stock coil comes out to a hair over 2.4 
MHz, in the ball park of the measured value on the HP8753C. Due to 
the resolution of the analyzer and touchiness of the dials, the figures I 
pulled from it for self resonant frequency have a hit of fudge factor 
huilt in. For the 70 turn coil, factoring in the 1.7 pF of Cd makes it 
about 117.7 uH, resonated with its own 1.7 pF for an estimated self 
resonant frequency of about 1 1.3 MHz. Not extraordinarily high, hut 
hey, it's a 11 8 uH wil after all! And that is hugely better than the 2 112 
MHz for the stock Radio Shack coil of roughly the same inductance. I 
later put it on the network analyzer and found it self resonant at about 
8.3 MHz. 

The bottom line as stated above remains the same, hat  to get 
a gwd RF choke at HF, made from this particular part, I'd recommend 
at the very least pulling off that top laver of wire, and I highlv 
recommend chopping about half of the remaining turns fmm that 
bottom layer. (But even better: use toroids instead.) 

TESTING THOSE COILS FROM THF. OLD DAYS 
I later scrounged up a couple of old, crisscross wound wils. 

One was a single pie W choke on a nonmagnetic rod and the other 
was wound on a cardhoard coil form with a tunahle slug. The core of 
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the choke was 1/4", the winding was about 0.32" long, 0.420" outer 
diameter and approx. 0.090" in depth, with wire size of #36 or #38. 
At 646 kHz it measured 1214 uFI, 8 pF of Cd, and a corrected 
inductance of 1046 uH. A huge amount of wire, but very small wire 
and criss-cross wound, and thus a respectably low Cd, much lower 
than the Radio Shack coil. Later testing on the 8753C showed self 
resonance at approximately 1.7 MHz, essentially the same as the 
calculated frequency of 1.74 M H z  

The coil on the form with a tunable slug gave an apparent L 
of 3564 uH at 377 kIb, corrected to 3126 uH after factoring in the Cd 
of 7 pF. The size was similar, the core is about 0.28" dia, the winding 
is 0.274" long, about 0.487" outer diameter and Ol l0"  deep. The wire 
on this one is also #36. As with the choke, this one had low Cd due to 
the cross-cross winding technique. In both cases it's hard to tell how 
many layers are on them, but they both appear to have something like 
6 to 8 layers. This one self resonates at about 2.3 MHz. (That's a little 
over twice the calculated value for some reason.) 

DISTRIBUTED CAPACITANCE: Figure 9A shows an 
ideal inductor; it has inductance and nothimg else, but real inductors 
have a certain amount of capacitance between the turns, as shown in 
Figure 9R. The net effect is shown at 9C, which is an inductor with 
some capacitance in parallel with it. (Real inductors also have some 
resistance in series with the inductance, not shown here.) This is 
known as Cd, or distributed capacitance. 

Among other things, Cd can make an inductor appear to be 
larger than it is. If you measure the value by paralleling the inductor 
with a capacitor and measuring the frequency at wiuch it resonates (a 
common technique), Cd can give distorted results. Say that the 
inductor resonates at some frequency with 30 pF connected to it, but 

Figure %Distributed capacitance, and impedance vs. fre- 
quency for ideal and real inductors. 

that Cd is 43 pF (such as the Radio Shack RF choke). It is actually 
resonating with 73 pF but you think it's only 30 pF  Plug the capaci- 
tance and frequency into the proper formula to get the inductance, and 
the indicated inductance-resonating with 30 pF-will be significantly 
different from the actual inductance (resonating with 73 pF). 

An inductor will be self resonant at some frequency which is 
determined by the "true inductance" and the distributed capacitance. 
Figure 9D (found in an old ARRL handbook) shows the relationship 
between frequency and impedance. With an ideal inductor, the 
impedance just keeps on going. But make it a real inductor with some 
distributed capacitance resonating it, and sooner or later you reach a 

Going back to the application shown in Figure 8, even if the 
choke has passed it's self resonant frequency it can still be usable. The 
important thing is that the choke impedance remains substantially 
higher than the circuit impedance. As frequency goes up beyond 
resonance the impedance will come down and at some point will 
become unacceptably low, so staying below the self resonant frequency 
is a good, safe mle of thumb to go by. 

QRP-L THE "ORP DAILY" 
The traltic load on QRP-L has increased greatly over the 

years, as has the subscriber base. As of February 1998 when this was 
Mtten, the list of direct subscribers is over 2100, and an unknown 
number (variously estimated at a thousand or more) read it throw& 
indirect means. It's common for it to run into the high double digits of 
postings per day, and it has hit over 100 a few times. It's not for 
everyone--quite a number of people have subscribed and then unsub- 
scribed since they find it takes too much time to keep up with it. Rut 
for those who want a good, healthy dose of QRP every day, this is a 
great place to get it! 

To subscribe to the h e  Internet QRP f o m ,  started up 
several years ago by Chuck Adsms. K5F0, send e-mail to 

listsew@Iehigh.edu 
and leave the subject blank unless your system requires somethmg. In 
the text, put 

subscribe QRP-L cyour name> Tour call> 
That's your real name and real call, not your e-mil  ad- 

dress--it gets that from the headers. The name and call are for the 
benefit of people who look at the subscriber list, unlike some mail 
reflectors, the one at lehigh.edu also gives names (or whatever you lyp= 
in) in addition to e-mail address--which can he quite clrptic in some 
cases. 

At one time this would result in your beimg signed up 
immediately, but not any longer. Apparently there has been trouble on 
the Internet with people signing up for mail reflecton with bogus or 
falsified e-mail addresses. Now when you try to subscribe to QRP-L 
(and many other mailing lists), you'll get an automated reply saying 
that someone tried signing up with your address. It insttucts you to 
return a "conf-cookie" code, which it supplies, to vaify that the request 
really did come from you and that you do want to subscribe. Send that 
code hack in e-mail, and after it gets that verification from you it adds 
you to the list 

Save the automatic '%elcome" message you'll get after your 
subscription (free) is processed and read it thoroughly. And pay 
special attention to the part about enabling the Daily Digest function, 
which will still eive vou all the traffic hut as a sinele. huee dailv e-mail u .. ~ ~ ~ ~ ~ - ,  - ~ ~ ~ ~ ~ . .  

message instead of several dozen individual messages PER DAY 
cluttering up your mailbox; I couldn't live without it! The digest also 
includes a handy index at the top so you can decide which postings look 
interesting and skip the ones on topics you don't care for.(To reduce 
online connection time, download the digests and read them omine 
later with a word processing program.) 

By the way, those of you using juno.com with its infamous 
file size limit of about 60K who want to get the daily digest don't need 
to worry. Just send e-mail to Jim Eshleman, N3VXI who administers 
QRP-L and he'll fix you up with an alternative that splits the daily 
digest into two smaller chunks that juno.com can handle. (His address 
, .,7.,.-m. . .  . . ~ 
IS LUJLEl~leNgneOU.) frequency where the impedance peaks, and then starts cbning back 

down-and now it's capacitive instead of inductive. (And even Figure 
9D is simplified compared to what the Radio Shack choke does! It flit, THE FINE PRINT 

flopped back and forth several times between capacitive and inductive. Your inputs are always welcome! Send them via *mail, FTP, floppy 
Keep in mind that this isn't a defect in the Radio Shack part, hut just disk twed or hnndwrinen. h d  dm.t worry *but  the drawin& if any, sin= I 
simple physics and electronics. Any identical part would exhibit the r&aw the majority of them in K e r n ,  so hand dram sdematics, &C are 
same characteristics.) pdrrtxUy ameptable 
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Review: VITECH ZM-2 QRP Antenna Tuner 
Bob Kellogg, A1 4708 Charlottesville Rd, Greensboro, NC email: ae4ic@,nr.infi.net 

The ZM-2 Antenna Tuner Kit from EMTECH is a revised version 
of the ZM-l originally offered by EMTECH. The main enhancement 
over the ZM-1 is the incorporation of an SWR indicator (an LED). The 
ZM-2 is an ideal accessory for QRPers. It's small, versatile, easy to 
build, easy to operate, and it's vety efficient. The photograph shows 
the completed imit which measures just 5 in. x 2.5 in. x 1.5 in. It is 
easily the smallest full featured tuner on the market t d q .  

Specifications And Design 

The Z-Match design of the ZM-2 contributes to its versatility.' 
The ZM-2 will match balanced ladder line, unbalanced coaxial cable 
and long wire antennas with qua1 ease. It will match loads on all 
amateur bands from 80 meters through I0 meters. Its maximum power 
handling capability is 15 Watts, so it is truly a QRP tuner. 

Controls and connections are all located on the top (or front, 
depending on your point of view) panel of the ZM-2. Any anterma 
configuration can be accommodated using the sockets, binding posts 
and controls mounted on the panel. Fifty Ohm input from the transmit- 
ter goes to an S0239 socket 

assure accurate hole size and location. I used the template to locate 
hole centers and dented each wlth a sharp punch. First 1 drilled 0.125 
in, pilot holes, then J used larger bits to enlarge the holes as required. 
1 used a wood block to back up the drill. A rat-tail file cleaned up the 
holes and did the final shaping. 

Finally, I ptd the panel label in place. It is a paper label, so I put 
two-inch clear ScotchT' label tape over it to protect the printing. TIUS 
also gives the panel a nice shiny finished look. 

(3) Mountina Components 

Most of the larger parts are switches, jacks and variable capaci- 
tors which mount to the front panel. These parts all screw in place or 
are mounted with a nut and lock washer. My kit contained screws for 
the variable capacitors that were a little too long I had to put washers 
hehind the panel to keep the screws from bottoming out against the 
capacitor plates (this problem has been corrected, according to 
designer Roy Cnegson). I mounted my LED in a 0.25 in. plastic holder 
obtained from Radio Shack. The remaining parts consist of the two 
wound inductors, a few small resistors, a capacilor and a diode. 

Balanced output 14) Final Wiring 

The ZM-2 output is balanced There are two pictorial diagrams 
witen the LINK switch is not in the in the manual that make wiring the 
(;ND position. Balanced lines are ZM-2 a snap. "Rear View 1" shows 
connected to the  to^ m e 1  five-wav the rear of the front vanel and indi- . . 
binding posts spaced to match com- 
mon 450 ohm ladder lime. 

Unbalanced output 

Flipping the LINK switch to the 
GND position converts the output 
from balanced to unbalanced. A wire 
antenna can be connected to the red 
five-way bindimg post and the corn- 
terpoise (if used) or ground to the 
black post. There is also an SO-239 
output socket for use with coax. 

Construction 

Building the ZM-2 takes a couple of evenings of spare time. The 
case and all parts are included with the kit. Color-coded wire makes 
winding the toroids a piece of cake. In my opinion, the ZM-2 is a good 
. . 

t for the first time builder. I built mine in four stages, as follows: 

) Inductors 

The instructions for windimg the main tuning inductor and the 
small inductor for SWR measurement are very clear. The tapped main 
coil is wound with color coded wires, so it is ditlicult to lose track of 
which wire is which. Large drawings of the toroids illustrate the 
winding process. I wound both toroids one evening while watching TV. 

12) Tor, Panel 

The kit includes a pre-printed pressure sensitive label for the 
aluminum panel. This full size label provides dial markings and socket 
and switch position identification. 

A template is supplied with the kit that can be used to locate hole 
positions. Drilling the thin aluminum plate must be done carefully to 

' 1.0, an e\wllmt dcsmpt~<n oflnu\r thz 7-\la* ~ o r l 5 .  %rcihr. dikwsum in 
Lh; H I  .Antenna llundbmh h\ H t I I  On. U4S U .2n anwled~%mbme a \cr\~m of 
Ulz /.\lnh In Chlrlw Iutgm W\\'hJJ%. q ~ z a r d  ot !he Jul\ 199' th\lrc 0 1 t h ~  
QRP ~uarterly 

process; Lhcw are inore come 

cates how to make the major connec- 
tions. "Rear View 2" shows how the 
main toroid inductor and the parts of 
the SWR indicator are installed. 
Wiring is done point to point hetween 
the parts mounted on the front panel. 
The main toroid mounts directly 
between the variable capacitors and 
the output binding posts. Installing 
the SWR circuit components is the 
only a\vkward part of the assembly 

ctions than there are solid solder tabs. 
Some connections must be made in the air. This works wcll enough, 
hut it is out of place with the rest of the design. 

Operation 

Operation of the ZM-2 is simpler than many tuners. There are just 
two large knobs to adjust, and the ZM-2 will achieve a match at only 
one position of the knobs. Since the best match occurs at oitly one 
position of the controls, the most ellicient match possible is obtained. 
This is in contrast to the popular C-L-C matching units which may 
indicate a match at more than one position of the controls, but only one 
will result in the most efficient match. With the ZM-2, the best possi- 
ble efficiency is guaranteed when a match is achieved. 

The LED SWR indicator circuit built into the ZM-2 absorbs con- 
siderable power. Therefore it is switched into the circuit to tune, and 
out of the circuit to operate. There is a small TUNEIOPEMTE switch 
on the top panel for this purpose. This technique has the advantage of 
limiting the SWR as seen by the transmitter to a maximum of about 
2: 1 while tuning. 

Finding a Match 

Connect the rig using a piece of 50 ohm coax to the SO-239 jack 
marked RADIO. Set the LINK switch to match your balanced or 
unbalanced antenna configuration as described above (GND for 
unbalanced). Switch the OPERATE/TUNE switch to the TIJNE 
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position (be sure to return it to the OPERATE position aRer tune-up). 
Key the transmitter. An LED is used as a visual indicator of SWR and 
at this point it u1l1 prohably be glowing hripht red. Turn the large 
knohs alternately watching for the LED to become dim. When the LED 
goes out, the match is 1.1:l or better. Note: The tuning can be quite 
sharp on some bands, so turn the controls slowly. 

If the LED does not go out and the lett tuning knob is fillly 
counter-clockwise, more capacitance is needed on the input side of the 
circuit. There is a three poshion ADD switch on the top panel marked 
250pF, 0, SOOpF. 'Ihis switch adds the indicat~d capacitance to the 
input circuit and may enable a match. 

If the LED doesn't go out hut does get noticeably dimmer, you 
have obtained the hest match hut the SWR mav be greater than 1 . 1  :I 

Test Results 

I tested the ZM-2 using the technique described by Frank Witt, 
AIIH, in his April and May 1995 QST articles. This method tests 
tuners under a wide variety of load conditions and over all amateur 
hand frequencies. There were five tested conditions: 

(I)e - This is the number of SWfrequency combinations, 
w i h  the advertised hequency range of the tuner that could actually 
be tuned to I.! : I  SWR or better. The ZM-2 matched 140 out of 144 
combinations tested. 

(2) Efficiency - This is the number of SWfrequency comhina- 
tions, within the advertised frequency range of the tuner, which 
resulted in less than 20% (approximately 1 dB) of power loss. The 
ZM-2 was 80% efficient or better on 60 out of its 140 matches. This 
may not sound very good, hut I have tested many tuners, and this is the 
best report of any manual tuner I've tested. The meter on your tuner 

may indicate when it has made a match, hut it gives no indication of 
the efficiency of that match. 

(3) Avera~e loss - The average loss of the ZM-2 for all of the 
SWRIfrequencv combinations that would match to 1.l:l or better was 
22%. Again, this is very good compared to other tuners. An average 
figure can contain extremes. I've tested tuners that had 988% loss at a 
particular SWfrequency combinatio~i while indicating 1.0:l match. 
The maximum loss for the ZM-2 was 48% when matching a 16.0:l 
SWR on the 12 meter hand. Losses were lower than the 22% average 
with the ZM-2 when the SWR to match was less than 4.0:l on 
frequencies lower than 24 MHz. 

(4) SWR Bandwidth - Once the tuner matches the antenna sys- 
tem, how far can we tune away fiom that match before the SWR 
exceeds 1.5:1? The ZM-2 range was greater than 5% on 61 of the 144 
tested SWfrequency combinations. (5% of 7.2MHz is 3 6 0 m . )  This 
is about average among the tuners I've tested. 

(5) Balance - Is the output really balanced? Yes, the output SWR 
was within 1.5 between the lines on all test conditions with the ZM-2. 

Summar?. 
Overall, the ZM-2 is one of the most versatile and efficient tuners 

I've tested. It has a very broad tuning range, making it ideal for tuning 
all hand antennas. 

The ZM-2 kit sells for about $50 and is available from: 
EMTECH 
3641A Prehle Dr. 
Rremerton, WA 983 12 
phone: 360415-0804 
email: roygregson@aoI.com 

Hi All. For the past few issues there has been a word misspelled in the advertisement 
of The American Radio QRP Key Mfg. Co. I wrote the ad myself and can blame no one 

but me. My apology to anyone who might have been upset by this. Ron, KU7Y 

The world famous home of the Cute, Smart and Rugged: 
"Little Red Key" (1" x 1.5"). New High Speed Paddle (Less than 1" square 

The little hand keys with the big personality! 
To order send $39.95 plus $1.01 for shipping in the con US to: 

3710 Buckingham Road, Baltimore, MD 21207 
Or write for more information. 
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llii~nors ofthis colmm~'s dcmise have heen greatly exaggcratcd 
I always wanted to be able to use that line but I am sorry it was at the 
expense of the QQ readership. My move of the family from east to 
west and increased responsibilities at work have kept me away from 
this wondetful hobby of o m ,  hut never fear. I have returned! 

New QTH 
The days of W03B's 571 foot loop antenna are a thing of the 

past. The only way that I would be able to put that piece of wire up 
here at the new QTH is if I used all the trees on the whole block. I 
should have realized there would be a problem here when I saw that 
the lot sizes were measured in square feet instead of acres. It was time 
for a new antenna and since I only signed a one year lease on the new 
QTH, I was looking for something that would be easy to put up and 
take down. With no room for any wire antenna on a band lower then 
twenty meters, I opted for the GAP Titan vertical. It gives me 
operations on 80 through 10 meters using only a small space in the 
backyard and will leave next to no trace of having been there when I 
remove it. Installation time was two days. One aftmoon to dig a four 
foot deep hole and cement in a four foot PVC sleeve, one day of dtylng 
time for the cement, and two hours to assemble the antenna, and 
mount it to the twelve foot steel water pipe which would slipped into 
te PVC sleeve. The antenna has been self standing in this 
configuration since November with no ill effects noted from the El 
Nino storms. 

ARRL CWSS 
The GAP was un and it was onlv one week mior to the ARRL 

CWSS h e n  the X& informed me &at she wouli be having guests 
the following weekend, (we are talkimg CWSS weekend now), and that 
I would be watching the kids while she took her friends sightseeing. 
She knew she wouldn't be able to get me out of the house that 
weekend, but at least I would feed the kids. I normally bump the 
power up to 5 watts for CWSS and try to s p d  the full allotment of 
time on the air, hut I resigned to the fact that I would not be able to be 
competitive this year without neglecting the kids. So, I decided to just 
try for the 100 contacts required to keep my string of CWSS pins 
going. 

I figured that there was no time like the present to fmally mn 

CWSS using rnillinatts With S S  Catcgon Class B helnp 1500 watts 
and Class A 10 dB down from that at 150 watts, 1 figured that Ule 
proper level for a milliwatter would be 10 dB down from the 5 watt 
Class Q. So my first CWSS from the new QTH was run at 500 
milliwatts output power. The rig was a TS940s running directly into 
the GAP Titan. 

Operating for 9 hours and 45 minutes I managed 104 contacts 
spread over 44 sections. Seventeen of the contacts were in my own 
section (SCV) and I bet I could have gotten the full 100 contacts I was 
looking to make out of the SCV section if 1 bad tried. Twenty meters 
was good for 11 wntacts total between CO, BC, SCV, AK, WI and 
WWA. 40 meters netted 19 contacts between AB, SCV, WWA, WY, 
CO, OR, NTX, WMA, STX, OK, EB, and SNJ. The only other band I 
used and my big performer was 15 meters with 74 contacts in 37 
sections (MDC, NLI, VT, CT, KY, SCV, VA, NTX, STX, IL, WI, 
PAC, CO, OK, EB, SD, SDG, IN, MN, 1.4, EMA,MO, WV, NNJ, SC, 
WNY, RI, SFL, EPA, TN, NC, PR, SK, ND, LA, WTX). Not a had 
jump start for a 50GmW WAS. 

Do I miss my loop? You bet, but the GAP let me operate at 
milliwatt levels from just a slip of a back yard. Was it harder to be 
heard? kgh t  again, but proper centering of my signal in the receiving 
stations bandpass normally got me a contact. 

Milliwatting Reports 
Brice Anderson, WVPNE, reports spending 7 hours of operating 

during the CQ WW DX contest at 15mW with a modified Argonaut 
515. Brice had 32 QSOs with 21 countries in 3 continents. HIS best 
DX contacts were JHSZJS, ZDXZ, ZPSXF, CXSX, and HCXN. He 
also had 3 KL7 QSOs. 

Brice has now worked WAC and 35 countries with 15 mW, 50 
wuntries with 20mW. 70 countries with l00mW and 94 countries with 
250mW. Brice is now 79 years old and hoping to fnish off his 15mW 
DXCC as the bands start to heat up again. Brice holds a 50mW WAS 
and is 22 states into his 15mW WAS. Brice feels that it is easier to 
work DX than stateside with low milliwatts. Brice uses a TH5DX for 
an antenna on the upper bands. 

Well it's nice to be back. Please note the new snail mail address 
on the back cover when sending in reports. -QW- W03B 

Please use the FOKM ~rovidcd in this oublication (or a Plcase note that apvhcatlon firms must he WCElVED and . . 
photocopy) when preparing your application for membership or renewal entered into the database hv the first of the month PRIOR to the month 
of subscription. Provide ALL the requested information. PLEASE of issue of the QRP Quarterly, for the changes to he reflected in your 
TYPE OR WRITE LEGIBLY. Be sure to clearly indicate if this is for a mailing label! This means that you should renew early. We are tlying to 
renewal or new member. DO NOT JUST SEND A CHECK IN AN implement a reminder program (thanks, Chuck K5FO!), but you should 
ENVELOPE! If you donY use the supplied FORM, then PLEASE at NOT DEPEND ON THIS! Check the label as it indicates the last month 
least include all the requested information. Problems arise if these that you will receive an issue. RENEW BEFORE THAT MONTH! 
directions are not followed. Please NOTE THAT FUNDS CG TO KEN (January 1998 labels lacked this data but this will be corrected). 
AND INQUITUES TO ME! (See the FORM). For dormation on the QRP ARC1 awards program, contest 

I am entering the PLUS-FOUR part of your zip code, for use on the schedule, links to QRP web sites, and other club resources, check our 
labels. Also I am entering telephone numbers and email addresses to web site. We now have our own "custom" web address, thanks to efforts 
allow us to contact you when needed (these are not for general by Jim W4Q0 and Bob K2UT. Access our site using w.qrparci .org 
distribution). Please provide these data. and please provide ideas and material for updating these pages! Topics 

Send me any questions or problems regarding your membership or relating to QRP ARCI and also QRP in general are welcome. M s !  
subscription, so that we can fix things promptly. I am striving to provide 
gwd service! Have fun with QRP! Dave WA4NID 
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This article is based on a talk given by Preston at the "Four Days a mixer, and an audio amp. Connect them up with a bit of filtering and 
in May" symposium held in conjunction with the 1997 Dayton Ham- you have a working model. Compare Figure I with the "Neophyte 
vention. The whole business of getting one's transmitter onto the Receiver" in the February 1988 issue of QST for a good example of 
correct frequency to call another station has been confusing for this setup.' In the Neophyte, the VFO and mixer are both on the same 
beginners - and some 'pros" as well -for generations. A graphic IC chip! 
model is presented that can be used to untangle the confusion. - Now, recall that the mixer products are the original two, plus the 
WIHUE sum and difference frequencies. Which one is the one you hear? You 

Let's first understand what we mean by Zero Beat. The term 
comes from music, where audio frequency is called "pitch." When two 
musical instruments are playing notes that are slightly out of tune, but 
very close to the same pitch, an audible "wowing" sound is generated 
by the slightly out of sync sound waves; sometimes they are adding and 
sometimes subtracting from each other. (Like windshield wipers that 
are ever so slightly off sync so they slowly drif? from working in the 
same direction to working in opposite directions.) The wow- 
inglflunering sound is called "beating". As one instrument is tuned, so 
it approaches a perfect match to the other, the beating sound slows until 
it stops altogether. When the beating stops, the instruments are "zero 
beat," and they are tuned to precisely the same pitch or frequency. 

In radio, it is desirable to have the transmitters of both sides of a 
contact on precisely the same frequency. This will mean that the least 
spectral space is used for each contact. Consider a station calling CQ. 
Tne best and most logical place to call him is, as accurately as possible, 

hear the 1 kHz dlrerence product. So, here is one way you might start 
thinking that there must be a difference between the incoming signal 
and the receiver's VFO. In fact, if both the incoming signal and the 
receiver VFO were at 3700, there would be no difference product. Now, 
consider the products when the incoming signal is 3699. We would 
again get a difference frequency of 1 kHz, so there are two possible 
ways to get the same audio signal in the mixer products. In fact, we get 
the original 3699 signal, the VFO's 3700, the sum at 7399, and the 
difference of I kHz. So you see that there is another combination of 
signals that produce the same audio output. This is characteristic of DC 
receivers, and is often considered a drawback in such simple systems. 

Now, let's look at a graphic representation of what you hear when 
you listen to one of these DC receivers. If we tune a DC receiver's VFO 
to 3700, we can represent that receiver's signal response with a graph 
that looks like Figure 2. The whole key to understanding the concepts 
of zero beating and offsets of transmitters and receivers can be derived " .  . - .  . . 

on the same frequency he is using. If you call the station on his mom the study ot this graph: 

frequency, you will be zero beat with him. Did you get that? In the 
context of radio, "zero beat" means the two "instruments" (transmitters) Y- I x-3700 I 

are tuned to the same frequency, just like musical instruments. OK, you 
say, but how do I do that zero heating thing, and what do offsets have 
to do with this? u 

3000 / 

Figure I .  Block diagram of a Direct Conversion receiver. 

Well, you will need to know more about receivers and transmitters 
before you can answer the questions about offsets for yourself. Let's 
consider a simple receiver type favored by homebrewers, the Direct 
Conversion (DC) receiver. Figure 1 shows the block diagram of a 
typical DC receiver. In a DC receiver, the local oscillator (VFO) signal 
is mixed with the incoming signal to directly produce an audio output 
signal. The general principle of mixers is that the output products of 
any mixer always include the two original signals, plus the sum and 
difference of those two signals. Thus, the two input signals to our 
receiver are 3700 and 3701, and the four output products are 3700, 
3701, and 7401, and 1 kHz. Only the 1 kHz product signal is in the 
audio range, so we can hear that mixer product when it has been ampli- 
fied by a simple audio amp. So, a DC receiver is just a single oscillator, 

I \-/ 

W W $ 2 2  

RCVR VFO PFEQ kHz 

Figure 2. A DC receiver's audio output frequency as it tunes across 
a signal at 3700 kHz. 

The "V" shape represents what you are able to hear as you would 
listen to a DC receiver tuned to 3700 kHz. A signal may be represented 
by a vertical line on the graph. Moving the tuning knob would be the 
equivalent of moving the whole "V" left or right. Changing the 
frequency of an incoming signal is equivalent to moving the vertical 
line left or right. The diagram in Figure 2 is simple, but taking a few 
minutes to see how it relates to your receiver will be an eye opener. 

Another popular Direct Conversion receiver similar to the Neophyte is the 
Sudden, designed by the Rev. George Dobbs. G3RJV. 
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This graph represents the audio response of a DC receiver whose 
VFO is set to 3700 kHz. You can see that as the frequency of an 
incoming signal approaches 3700 kHz from either side, the pitch of the 
audio output will fall until the difference between the VFO frequency 
and the incoming signal is equal to zero. At that point there is no audio, 
because there is no difference product on the output of the mixer. At 
this point, we have leamed that the incoming signal is zero beat with 
the VFO of the receiver. On the graph in Figure 2 we have designated 
the point at the bottom of the "V" as the "zero beat" point. 

OK, now we already have looked at this from two perspectives. 
The block diagram analysis and the graph have shown the same thing. 
That is, in order for us to hear a signal in the audio spectrum, the 
incoming signal must not be on exactly the same frequency as the 
receiver's VFO. That incoming signal must be on either side of the zero 
point, perhaps about 1000 Hz away. Take a look at Figures 3a and 3b. 

RCVR V D  IREQ kHz 

Figure 3(a). D C  receiver tuned IkHz above a signal. 

2 2000 

1m 
HEARD 

Figure 3(b) DCreceiver tuned l!&z below a signal. 

You see the problem now? The receiver VFO is on 3700. The 
other fellow calling you is either on 3699 or 3701. If you want to set 
your transmitter smack on the other guy's frequency, you need to put 
your transmitter on a slightly different frequency from the setting of 
your receiver's VFO. That's the offset, as illustrated in Figure 4. That's 
the problem with trying to take the receiver's VFO and using it as the 
transmitter VFO. Unless something is done to change its frequency on 
changeover to transmit, the transmitter will not be tuned to the same 
frequency as the incoming signal. There are simple rigs out there with 
just this problem. For example, the unmodified "49-er" has this 
problem, and contacts are a little harder with this simple transceiver 
because it has no provision to compensate for the need to offset the 
VFO when it changes over to transmit. 

Compounding the problem, DC receivers can hear a signal on 
either side of the "zero beat point" we defined above. Thus, even if an 
operator figures out how to offset his transmitter from his receiver 
VFO, he still has to offset it in the right direction. 

RCVR VFO iREQ kHz 

Figure 4. Incorrect TX/RX frequency offset. 

Remember, a DC receiver will hear a signal on either side of zero 
-at two places on the dial, about 2 kHz apart. Figure 4 shows a receiver 
hearing its twin transmitter on one side and the incoming signal on the 
opposite side of that zero point. Both signals sound the same, despite 
being on different sides of the receiver VFO. What is needed is a way 
to determine on which side of the receiver's VFO (that is, which side of 
"zero beat") both the incoming signal and the transmitter's signal are 
located. 

If a signal is heard below the zero point, we say it is on the lower 
side (or lower sideband). On the V graph this is the left side: By just 
rocking the dial a bit, you can tell which side of the zero point any 
signal appears. Older "twin" rigs, homebrew transmitters, and even 
some transceivers have a "spot" switch that turns on the transmitter 
VFO, without any amplifiers, so it can be heard in the receiver. The 
transmitter signal can then be zero beat with the incoming signal, 
keeping in mind that hoth signals must he on the same side of the 
receiver's zero point, if they are truly on the same frequency. In a DC 
receiver, if they hoth rise, or both fall when the receiver VFO is moved 
up a hair, then they are on the same side, and all is well. The reader 
may test hisher understanding of the above by sketching the same 
situation as Figure 5, except with the signal on the other side of the zero 
point. 

Figure 5..lfthe incoming signal is lower than the VFOfrequency, the 
audio pitch rises as the receiver is tuned up in frequency. 

Now, study Figure 6. Can you see how this represents a DC 
receiver with a narrowed audio frequency response? Notice that the 
receiver will only respond to signals in the audio range from 1 H z  to 
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RECEIVER VFO FREQUENCY 

Figure 6. Response of a DC receiver with a bandpassfiner. 

superhet receiver is that the superhet is able to cut off one side of the, 
receiver's response to signals. That is, either the response above the 
zero point (upper sideband) or response to signals below the zero point 
(lower sideband) will be cut off. The cutting off is done by filtering in 
the intermediate frequency (IF) stage, and the result, using our "V" 
graph, is shown in Figure 7. 

Figure 7, like most of the illustrations we have looked at, over- 
simplifies some factors. For one thing, sophisticated readers will object 
that there is no representation here of the slope or roll-off of filter 
responses. For our purposes, though, these considerations needn't be 
included, as the results are entirely valid using the simple models. This 
illustration is a useful model of the response of a "single signal" 
receiver with a 4 kHz bandwidth, set to receive the upper sideband. 

At this point, the reader should be equipped to understand what it 
means to zero beat a local transmitter with a distant one. There's a lot 
more to leam. But with ham radio, there always is! 

SINGLE SIGNAL SUPERHET WTH 

POINT 

2 1000 

RECEIVER VFO FREQUENCY 

Figure 7. Superhet receiver response with a bandpassjilter. 

4kHz. Still, there are two sides to the receiver's response. We 
mentioned that the side above the VFO is called the upper sideband, 
and the side below is the lower sideband. 

The difference between the simple DC receiver we have been 
using as the basis for the discussion above, and the more sophisticated 

. ,  ? .  . ; ,  - . , j  
ZM-2 ATU 

.., . " "  ''6+ 
WITH BUILT-IN VISUAL SWR 
INDICATOR. FOR BALANCED 
OR UNBALANCED FEEDLINES. 
15 WATTS MAX. $50.00 WI S8H I 

................................ 
IF YOU USE LADDER LINE, YOU NEED THE 

LADDER GRABBER ! 
ALL SS HARDWARE. STOPS THE LADDER LINE FROM ~ - ~ 

BREAKING 

EMTECH 
3641A PREBLE ST. $7.75 
BREMERTON, WA. 98312 INC SBH 
(360) 41 5-0804 
roygregson@aol.wm 
http:llpages prodigy.neVroygregsonI SEND SASE ! 

Appendix 
Here's a handy table that you may use to help you determine if an 

incoming signal is on the upper or lower sideband of your receiver. 
You can use it, for example, to see whether your main station rig uses 
upper or lower sideband when it is in the CW mode. Some rigs, while 
automatically switching to lower sideband reception on 160, 80, and 
40m for voice, revert to upper sideband for CW reception on all bands. 
Does yours? Use the following table to help you find out: 

Truth Table for Detemvlllng Sideband of S i a l s  

Dial Direction 
UP D O W N  

I I I I LSB I USB I 
Pitch Change I 

D O M I  1 USB L s B  I 
HB ELECTRONICS 
43 Rector Street 
East Greenwch, RI 02818-3312 

E-Mall hb_eI@ldsna 
HTTP I lus~s  ids nd-hbelec 

No Mln~murn Order 
Tuninl: Diodeq 101$2.50 

TO-1 8 Metal Case I MV2115 $ 0.74 I 
MV2109 
MV2105 

$ PANEL METERS $3.00 
$ 0.54 2 o o u A p d m  for SiRFISWR and 

MV 209 $0.62 PWRmetm. See s p a .  And 
MV 104 $0.82 photw on theweh site 

SBL-I ~i~~~~ $ 6.50 Wealso carry Pol+we, NPO. 
Trimmer, and Air Variable caps as 
well ns transistors. IC's Twoid$, 

NE-602 MixerIOsc $ 2.75 E~c . .  . . . . , 

LM386 AudioAmp $ 1.05 MC1350p IF $1.25 
The Electronic Data Book for Homehrewers and 
QRP'ers by Paul Harden $20.00 

HH Elmroniw is m e d  and npRated by a hanebr~ya1QRP'er 
F a  s catalog please smd a businss size SASE, or seethe online catalog 
on our web ~ s ~ , e .  
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'lhis article was prepared at the request of Monte "Ron" Stark; 
KU7Y to introduce how QRP is done in Japan. 

1. JARL(") QRF' Club 

Let me start with the JARL QRP club. It was founded more than 
40 years ago, in 1956, by only seven members. The number of 
members is now about 150. The f M  president was the late I. Shirnizu, 
JAOAS, who was also known to many homebrewers as one of the 
inventors of the wide range "Super VXO," which I will describe later 
in this article. 

The requirement for membership is to own a measuring 
instrument that is capable of measuring the input or output power of a 
transmitter. This requirement might sound somehow too tight. 
However, that is not so. The key is the word "input power".. Yes, 
you may simply have a DMM to measure the DC voltage and current 
of your transmitter fmal. 

The club's newsletter is called THE QRP NEWS and is issued 
monthly. THE QRP NEWS is written in the Japanese language but 
there is also a short digest in English. I understand that THE QRP 
NEWS is sent to QRP ARC1 every month. [I wonder who receives it? 
Ed.] 

I should not forget to mention H. Shono, JAIAA, a former 
president ofthe club. As his call sign tells you, he is a real number-one 
OT, but he is still an active QRPer. He holds many QRP records. We 
are very proud of this 80-year-old gentleman. 

2. Which Band ? 

As in the US., Japanese QRPers like the 40m CW hand. For 
example, the on-air meeting frenuency of the JAIU QRP club is 
7.003MHz. However, a large numher of QRPers also like to operate 
the 6 meter hand with SSB and AM(!). On weekends, many 6-meter 
field operators go to mountain tops around Tokyo, and make contacts 
across this metropolis. Many of them are QRP and homehrew QRF' 
rigs are most prominent on this hand. 

3. Awards 

?he JARL QRP club issues some QRP awards. The unique one 
is the "1000 kdTotal Power Award." lhis  award is issued for a 
contact that represents successful communication over more than 
1000 kilometers per sum of consumed power in transmitter and 
receiver. It is a rather tough requirement. If your transceiver has an 
output power of 5 Watts but consumes, say, 12 Watts in transmission 
mode and 1 Watt in receiving mode, then its total power is calculated 
to he 13 Watts rather than 5 Watts. Therefore, energy saving designs 
are encouraged in both your transmitter and receiver. The present 
record is 410,000 kdTotal Power achieved by JAlXB on 40 meter 
CW, earned with a total power of 0.96 milliwatt to his homebrew rig. 
Maybe some of you are not familiar with the metric units. 410,000 km 
is about ten times the circumference of the earth along the equator. 

4. Contests 

The JARL QRP club does not host its own QRP contests. 
Recently, we got good news that the JARL decided to introduce a new 
entry class for QRP operators to major JARL contests. We have 
previously had no such entry classes for QRPers in the JAIU contests. 

There are several contests that are interesting to QKPers. An 
example is the Nasu CW Contest hosted by the Nasu CW Club. Its 
QSO points favors low power operators. For example, a 1W station 
earns 33 points per contact while a IkW station gets only 8 points. 

On the technical side, the club hosted in 1994 a building contest 
called "QRP Oscillator Contest." The objective of this contest was to 
build a ctystal oscillator with low power consumption and as unique 
in design as possible. Surprising results included a 35MHz oscillator 
with a dual gate MOSFET that required only 0.0155 volts and 2.85 uA 
of power, and an oscillator producing an output power of 42dBm 
without any power supply; it used the rectified audio output of a 
"crystal radio" as power source. 

5. The QRF' Day 

A big QRP-related event of last year was the operation of a 
special memorial QRP station 8JlVLP for the QRP day, June 17th. 
The s a x  VLP stands for "Very Low Power." It was agreed in the 
IARU Region III Conference in 1985 that June 17th should he 
proclaimed as a yearly QRP day with the goal that all amateurs use 
low power on this day. It is hoped that the other regions will join in 
and make this a worldwide QRP day. 

8JlVLP was operated from May 25th until June 30th from 
several QTHs all over Japan including field operations. 
Unfortunately, DX contacts were only 2% among a total of 5446. We 
hope we make more DX contacts next time hy advertising it, probably 
through the Internet. 

6. Homebrew and Experiments 

I will mention two technical achievements by Japanese QRPers. 
The first one is the wide range super VXO. The super VXO was 
invented in 1980 by T. Okubo, JHlFCZ, and the previously 
mentioned I. Shimizu, JAOAS. As shown in Figure 1, it uses two 
crystals of identical nominal frequency in parallel instead of the single 
crystal of a conventional VXO. It can be pulled considerably more 
than a conventional VXO. With the circuit of Figure 1, a frequency 
coverage of about 100 lcHz was obtained with L=lOuH, 
Cl=C2=150pF, X1 and X2 put together in parallel and RB=100K. On 
the other hand, a conventional VXO with a single crystal can be pulled 
at most about 25 kHz A carefully optimized super VXO is acceptably 
stable, and therefore Japanese homebrewers usually do not use LC 
VFOs for their transceivers anymore. Unfomnately, this magic does 
not work for low frequencies like 3.5 MHz and 7MHz. In those cases, 
one can mix a high frequency super VXO with a fixed frequency 
crystal oscillator, which is usual in the desin of superheterodyne rigs. 

The sewnd technical achievement is the HENTENNA. The 
=NNA is a tall, rectangular antenna fed along the two vertical 
sides. The name HENTENNA is a shortened form of HEN- 
ANTENNA. HEN is not refer to a female chicken, but is a Japanese 
adjective that means strange, odd or unusual. Indeed, it has many 
strange properties. It is, contrary to the fust impression of the shape, 
a horizontally polarized antenna. The basic design of the HENTENNA 
is shown in Figure 2. Unusual is that the dimensions are not critical. 
One does not need to cut and try the lengths. One may simply move 
the feed points up and down for the minimum SWR. Although the 
design is simple and its size is relatively small, its gain is said to be 
comparable to a fourelement Yagi-Uda antenna. This is the strangest 
point. The HENTENNA was developed in the 1970's by members of 
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the Sagami Club, which was not necessarily a QRP related club. The 
leading member of the developers was again JHIFCZ, then and now a 8. QRP, why? 
very active QRP expimenter. This antenna is widely used by 6-meter 
enthusiasts in this country. I hope this antenna will become known to Now I should come to the conclusion of t h ~ s  article. I have 
hams of the other hemisphere of the world, too. summarized the answers to a question I asked a number of Japanese 
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7. QRP Rigs 

Some QRPers here use, of course, 
Yaesu, K e n d  and ICOM rigs. Some 
of them are modified for operation with 
reduced power for QRP. However, 
some QRPdedicated rigs such as the 
MX-7S and P7DX sold by M i o  are 
also commonly used. I hear the name 
Mizuho is also know to U.S. QRPers. 
We also have some QRP kit makers like 
FCZ Lab., AITEC and Circuit House. 
They sell mainly 6 meter transceivers 
because of their popularity. 

The FCZ Lab. also sells a series 
of square-can coil units called FCZ 
Coils for every ham band, from 160 
meters through 2 meters. The FCZ 
Coils are vey useful for homehrewers, 
especially for those who are not good at 
winding tomidal coils. 

Recently, QRP kits from US.  
companies become in fashion among 
some QRPers here. They enjoy 
importing such kits and building them. 
These include the SW30140180, OHR- 
1001400, GM20, GM40 and NorCal 
kits. 

I l i e  homebrew rigs. I have only 
homehrew rigs, no wmmercial ones. 
There are many other active QRP homebrewers who operate only IEZCDC, JL2ADF. JNZFSE, JSZGMY, JH7JAM, JA9CZJ, JA9MAT 
homebrew rigs. A kind of "standard" homehrew rig exists among and JA9T?T. 
Japanese QRP homebrewers although it is a rather old one. A 40-meter 
CW transceiver originally designed by T. Masuzawa, JHIHTK, has Footaote (*) 
been reproduced by many QRPers and used actively. This rig is called JARL: Japan Amateur Radio League 
the JHIHTK model. 

1 : 1 B A L U N 

figure 2, HENTENNA 

QRPers, "QRP w h y  
"Because QRP power is enough 
for experiments", "To get rid of 
T W ,  "Homebrew or lat 
building is easier for QRP than 
Q R O  and 'Because I am fed up 
with QRO operations with 
commercial rigs" are major 
answers to the question. Some 
people even added, "Because 
QRP is cheaper." However, the 
answer: "Because of the 
surprise I get with every QRP 
contact. I cannot believe it 
every time that I contact a 
&stant station with such a tiny 
power" was more or less 
common to most of them, 
maybe -on to you QRPers 
in the US, too. 
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INTRODUCTION 

There seems to be ongoing confusion regarding the purpose of 
transmitter output networks. Some writers, hoth in print and on the 
Internet, state that their purpose is to "match the output impedance 
of the final amplifier transistor (or tube) to 50 ohms". This is 
exactly wong! ' h i s  article will show you why, and help you in the 
design of your own rigs. Nothing new will be covered, hut all basics 
deserve to he reviewed from time to time. 

CIRCUIT FUNDAMENTALS 

We all know (don't we?) that the power dissipated in a resistor can 
be found by measuring the voltage across it, the current through it, 
and then multiplying the two: 

If you know the value of the resistor, it only takes a voltage 
measurment, since by Ohm's Law: 

Not too hard so far. Now, if we substitute Equation (2) into 
Equation (I), we get 

or, P =  v21R (4) 

This is true for DC or AC, but since we are going to work with RF 
(AC), V in the equations above must be an "rms" voltage. It is going 
to be more convenient to use "peak" voltage. For a sine wave, peak 
voltage is found to he 1.414 times the rms value. (Remember that 
1.414 is the square root of two.) Solving for Vrms: 

Vrms = Vpeak 1 1.414 (5) 

Substituting Equation (5) into Equation (4) gives 

and rearranging, 

Since the peak AC voltage will be near the dc supply voltage 
Equation (7) tells us what the load resistance must be to develop 
"P" watts. 

OUTPUT NETWORKS 

What are output networks for? Usually two things. Most important, 
they are designed to transform the load resistance (usually 50 ohms) 
to the value any final amplifier device musf see to deliver the 
desired power according to Equation (7). 

Second, they are usually used to filter the output to bring harmonics 
within legal limits. There are many difierent types of networks that 
can be used. Most commonly in modem QRP rigs you will find what 
is called a "ladder" ~~ehvork (Figure 1). This refers to its 
appearance; parts are either in series or shunt with the signal path. 

Figure (I)  A ladder network 

This schemnatic, with slightly different component values, could be a 
Butterworth filter (no ripples), Chebyshev filter (equal ripples) or 
one of several other filter types. Figure (3) shows values for a half 
wave tiller for 40 meters, taken from "Solid State Design for the 
Radio Amateur". This type is often used in QRP rigs because it is 
less critical of exact component values. Information on designing 
these filters can he found in the "ARRL Handbook", and "Solid 
State Design for the Radio Amateur" (by Hayward and DeMaw). 
Surely you own hoth of these books. 

NETWORK DESIGN 

O.K., Here's the good part! Let's say we want a four watt 
transmitter. We have a 12 volt battery to power it with, and an 
antenna that looks like 50 ohms at the frequency we want to use. 
The junk box contains a 2SC799 transistor that was intended for a 
CB rig, so it is probably a good choice. We plan to use the usual 
grounded emitter circuit. When hlly driven, the transistor collector 
can't swing to more than 12 volts (peak). Using Equation (6),  we 
find that 

P = (12v*12v)l(2*50 ohms) = 1.44 watts 

Well, that's nowhere new enough, so what now7 Use 
Equation (7): 

R = (12v*12v)l (2*4 watts) = 18 ohms. 

That's a nice round n u m k  What do we do with it? We have to 
transform the 50 ohm antenna to 18 ohms (or less) if we want four 
watts output. 

The filters in the ARRL IIandbook are intended for equal impedance 
at the input and output, typically 50 ohms. It is possible to design 
filters which, by themselves, transform 50 ohms to a different value, 
hut it's a bit trickier, and not frequently done (correctly) in amateur 
practice. (If you have the capability to do this, go for it!) It's 
probably easier just to use the 50 ohm filter with a transformer. The 

The QRP Quarterly 



transformer takes care of the impedance, the filter lakes care of the 
harmonics. 
Remember that impedance is transformed by the square of the hlrns 
ratio. For example, a turns ratio of 3: 1 transforms impedance by 9:l 
In our case, we want to transform by 50:18. Taking the square root 
of 5011 8 gives 1.67, or a ratio of 167:l. Ohviouslv we can't easily 
wind a transformer with that ratio, hut we can scale it up to get 
something more practical. Multiplying by three gives us 5:). a nice 
ratio of whole numbers. 

Figure (2): 18 ohm to 50 ohm transformer 

3t 5t LOW-pass 
co l l ec to r  

"CC 

Figure (2) shows our transformer. For best results, this should be 
wound on a f ~ k i t e  core. To make our transformer, we need either a 
wav of measuring illductan%, or the data sheet for the core, to be 
able to tell how many turns are actually required. The rule of thumb 
is to have the winding reactance at least five times the load 
resistance. Let's say our transmitter is going to operate on 40 
meters. Then the 18 ohm side should have a reactance of at least 
5'18 ohms, about 100 ohms. Since XL= 2*pi9PL, 

so L = 100 1 (2*3.14'7,000,000), or about 2.27 microhenries. (For a 
single hand rig it can he twice this much or more, without any 
problems.) A test winding of three turns on an Amidon FT37-43 
core gives 4.4 microhenries, close enough. We wind the five turn 
winding, and we're done. What wire st/,e? What do you have? It's 
not critical, as long as it will cany the current and fit in the core. 
The finished amplifier will look something like Figure (3). 

SUMMARY AND CONFESSION 

Notice that afier selecting the output transistor, it never came up 
again dufing the design of the output network! The design depa~ded 
only on the supply voltage and the required output power. We didn't 
niatch the transistor to the antenna, we transformed the antenna 
resistance to the load needed for the transistor to make the power we 
wanted. 

Does this work? Of course it does! Have I told you everythmg? No. 
If we huilt this amplifier, it wonld not deliver four watts. Why? 
Because we neglected several things in our simplification. First, the 
transistor can7 swing the whole 12 volts. When it is hlly turned on, 
there is still a small drop from collector to emitter. This varies, but 
can be several tenths of a volt. Ideally then, the peak voltage in the 
calculations should be (Vsupply - Vsaturation. Another thing we 
didn't talk about is the fact that the transistor conducts for less than 
half the cycle, hut our calculation was based on a full sine wave. 
How can that work? Th8 output network is made of L's and C's, 
energy storage devices! l'his causes a "flywheel" action, and fills in 
the missing part of the cycle. Not perfectly, of course, because we 
have to filter the harmonics. 

Next, there are always losses in the filter and transformer. Be 
careful when you choose your low pass filter. Make sure you know 
how many dB loss it has at the cutoff frequency. Butteworth filters, 
for example, usually have the "cutofl" frequency specified as the - 
3dB point, so choose one a proper amount above the highest 
transmitting frequency. In practice, the amplifier wonld be designed 
for 1.5 to 2 times the output required, just to overcome these losses 
and hopefully have a small reserve. Why not design it for 20 watts, 
and just cut hack the drive? 'That would work, hrit the efficiency 
would drop. ARer you have huilt a few output stages, you will 
develop a feel for it. 

Don? he afraid to experiment, that's what ham radio is about! 

Figure (3) Complete amplifier 
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Introduction 
A few years ago, I built a milliwathneter designed by LA8AK. 

That design used a CA3140 as a logarithmic amplifier and had an input 
range of 30dBm to +6dBm and a frequency range well over 400 MHz. 
1 used that instrument a lot, hut kept looking for something more sensi- 
tive having a frequency range more fitting for HF work, mainly to use 
for measuring filter characteristics and the output of oscillators. Last 
year I saw the specifications for the Analog Devices AD606 and this 
chip seemed to offer everything I wanted: Sensitivity, frequency range 
and even an output for measuring frequency. 

I offer the following description more as a buildinglprogramming 
experience rather then as a hied and proven recipe for duplication. If 
you want to build this instrument, you will probably want to modify the 
schematic and the microcontroller program to suit your particular needs 
and availability of parts. 

Figure 1 Basic circuit for the AD606. 

The AD606 
If you want to build a simple microwameter, all you need is the 

AD606 and its data sheet (1).1 The AD606 is a logarithmic ampli- 
fierldetector that has an input range of -75 to +5 dBm. The input is 
converted into a logarithmic output voltage of approximately 0.5 to 3.5 
VDC. The specs say the chip can he used to over 50 MHz. The chip has 
a 200mV limiter output for determining input frequency. The Analog 
Devices data sheet shows a basic application (Figure 1) that requires 
only nine other parts. Even this simple circuit will allow you to use the 
AD606 as a logarithmic detector in combination with a sweep oscillator 
to determine filter characteristics or to measure the output level of 
oscillators. 

1 built this basic circuit, but without the intercept and slope 
controls, and started testing. (You could add the intercept and slope 
potentiometers to bring Vlog-out into the range you want.) First results 
seemed very promising; see Figure 2. 1 used an MFJ-259 antenna- 
analyzer as a signal generator with a HP-255D 0-120dB attennuator to 
produce input in the range OdBm to -80dBm. 1 assumed that the MFJ- 
259 had OdBm output. Although Figure 2 shows only one curve, meas- 
ured at IOMHz, I noticed some frequency dependency in Vlog-out. 

Now, if you carefully calibrate this instrument and make calibra- 
tion charts for various frequencies, you are ready. All it takes to make a 

1 References we listed at the end of the article. 

measurement is to apply an input signal, measure Vlog-out with a 
DVM, consult your chart for the appropriate frequency and you can 
determine the input level in dBm. This was my plan, until I read about 
microcontrollers.. 

AD606 Vlog-out us. Input-level at 10 MHz 

4 ,  I 

0 I 
0 -10 -20 -30 -40 -50 -60 -70 -80 

Input (dam) 

Figure 2. AD606 input/Outpuf response at IOMHz. 

The PIC 16CS4 
Microcontrollers can perform a multitude of useful tasks and can 

make things possible that are not easy to realize in discrete hardware. 
Many ham-radio related designs use Microchip conhollers and in 
particular, the PIC 16C84. It made me wonder if I could use such a 
device in my microwathneter, so I started gathering information about 
microconhollers. It appeared that the 16C84 was particularly easy to 
program, was relatlvel) cheap, 2nd almost all neccscary software could 
be found on Mlcroch~o's Internet slte I21 The 16C84 has 1024 nronram . . . 
words in EEPROM and is thus re-programmable. It also has 64 bytes of 
EEPROM that can be read and written from within the program. 

I started building a simple programmer. This is a device that takes 
assembled code and writes it in the 16C84-program code space. I used 
David Tait's design and associated DOS program, "PP.EXE" (3). This 
worked well so after writing a few programs that could switch LED'S 
on and off I began to think of how I could use the 16C84 to: 

Measure the level of Vlog-out using an ADC. 
Convert this level to dBm. 
Display this level on a liquid crystal display (LCD). 

Use the limiter output of the AD606 to determine frequency 
and possibly use that information to correct for the frequency 
dependency of Vlog-out. 

Development of the microwattmeter 
I had already tested the AD606 in a basic circuit on a breadboard. As 
the gain of the AD606 is very high and an input sensitivity of -75dBm 
means approximately 40pV across a 50-Ohm resistor, I decided to build 
the microwattmeter in a small tin box. In the tin box I soldered a 
double-sided piece of copper hoard. 1 used one side of the board for 
mounting all power supply lines and filter capacitors. On the other side, 
I mounted all other components in a son of dead-bug style, although I 
used sockets for all IC's except the ADC which was an SMD. The input 
of the AD606 is directly connected to the input BNC connector with a 
IOOpF capacitor keeping the input lead as short as possible. The AD606 
is in its own screened compartment to keep interference from the 
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microcontroller to a minimum. An inside view of the completed 
instrument is shown in Figure 3. 

I started with attaching a two line, 16 characters per line LCD to 
the 16C84. 1 used Peer Ouwehand's (4) routines to control the LCD. 
These LCDs usually use the Hitachi HD44780 controller and thus a lot 
of routines for controlling these displays are available for most types of 
microcontrollers. These displays are I10 "hungry"; they need eight lines 
for sending data and three lines for controlling the display. The 16C84 
has 13 110 pins, so this leaves only two pins for a counter. As I wanted 
to control an ADC as well, 1 converted the LCD routines to use four 
data lines. A data transfer then involves sending the four upper bits, 
followed by the four lower bits. It takes twice the amount of time to 
transfer a byte to the LCD but as LCDs and the humans reading them 
are slow devices anyway, it does not matter. 

The extra four I10 lines made it possible to control an ADC. I used 
a MAXIM MAXIBh, slmply hecause \IAXIM sent me one as 3. sample. 
The MAX186 8s a 8 channel 12-b11 ADC w~lh  an Inout ranee of 0.4 (Wh - 
V or 0.0OIVlstep. This was excellent for the AD606 Vlog-out range of 
0.5-3.5V or 80dBm. The effective resolution would then be 0.03dBm 
per step. You do not really need a 12 bit ADC; for a I0 bit ADC with a 
range of 5V the effective resolution would be 0.13dBm which is more 
than adequate. Even an eight bit ADC with SV range would do with an 
effective resolution of 0.52dBm per step. 

Interfacing the MAX186 to the 16C84 was easy, thanks to the 
clear instructions in the data sheet. I only used one of the eight channels 
available, so I did not need to send commands from the 16C84 to the 
MAX186 to select a channel. I only needed to control the chip-select, 
data and clock line. This left me with one spare I10 line, which I 
planned to connect to a switch to enable me to select either ADC 
voltage read-out for calibration purposes, or to display the calculated 
level in dBm. 

The counter proved to be the more difficult part of the instrument. 
The 16C84 has an asynchronous eight-bit timerlcounter connected to 
the TOCkl input pin. The input pulses need to have a minimum 'high' 
width of 30ns and 'low' width of 20ns. Therefore, the width of the 
'high' pulse limits the usable input frequency range to about 30 MHz. 
As I wanted a range of over 50 MHz, I was forced to use an external 
prescaler. I selected the Motorola MC3393P, configured to divide by 
16. The eight-bit counter cannot count to more than 256. Fortunately, 
the 16C84 has a built-in eight-bit prescaler with a software selectable 
range of 1:2 to 1:2S6. The eight-bit counter and the eight-bit prescaler 
together form a 16-bit counter. Counting in a one millisecond period 
would mean a one kHz frequency resolution and a maximum frequency 
of 2"16 or 65535 kHz. I selected a counting period of 1.6 ms, which, 
together with the external MC3393P prescaler, gives a frequency 

resolution of 10 kHz. Range is not a problem, with the external 
prescaler frequencies of 30x16=480 MHz could be counted, were it not 
for the MC3393P's maximum input frequency of 140 MHz. There was 
one problem left: The internal prescaler of the 16C84 cannot be read by 
the microcontroller software. The usual and well-documented solution 
is to use one I10 line directly connected to the TOCkl pin. This extra pin 
is used for two purposes: First, it serves as a count gate. This pin is 
normally configured as an output and made low, preventing any input 
pulses from reaching the counter input. It is configured as an input 
during the 1.6 ms count period. Input pulses can then reach the counter 
input. After the count period has ended, the pin is configured as an 
output and made low again. Subsequently, the content of the prescaler 
register is determined by first reading the contents of the counter 
register and then repeatedly 'pulsing' the extra pin higMow and 
checking if the content of the counter register has incmnented. Once 
this happens, we know that the count result is (256.0 in the 'low' eight 
bits and (C-I) in the 'high' eight bits of the 16-bit count result. C i s  the 
contents of the counter register and E is the number of extra pulses 
needed to have C incremented once. 

This all sounds terribly complicated, but programming examples 
can be found on the Internet (2). The arrangement I finally settled on 
could determine the AD606 limiter frequency reliably up to 110 MHz. 
I wrote a program version to measure the AD606 Vlog-out in Volts and 
display this together with the frequency on the LCD. The limiter output 
of the AD606 needed some amplification, especially at low input levels. 
After much experimentation, I settled on using a 5310 as buffer and a 
Philips NES200 as amplifier. Any type of amplifier will do as long as it 
can trigger the MC3393P over the needed input-level and frequency 
range. Figure 4 shows the final version of the schematic. 

The next step was calibration. Every spring, the VERON (the 
Dutch 'ARRL') organizes a three-day camp where homebrewers are 
offered the use of a vast range of professional test equipment. I brought 
my half-finished instrument, and measured Vlog-out of the AD606 at 
several freauencies and i n ~ u t  levels usine a Rohde & Schwan. SMG - 
signal generator. I also measured the output level of my MFI-259 at 
several frequencies with a HP435 Power Meter, so that I could use the 
MFJ-259 later to perform this calibration again. I used a spreadsheet 
program to plot the AD606 response. 

Frequency response deteriorates rapidly above 40 MHz. I then 
decided that I would use the 16C84 program to correct for this decrease 
in response. I again measured Vlog-out at several frequencies and input 
levels using the MFJ-259 and a HP255D attenuator. I again entered all 
data in a spreadsheet and calculated for each frequency the regression 
factors a and 6 for the function L=a x Vlog-out + b,  where L is the 
level in dBm. 

I needed four bytes for each frequency's a and b factors. I had 
selected 13 frequencies or 12 frequency ranges, needing in total 13x4 + 
12 = 64 bytes to store all factors in the 16C84 EEPROM. The program 
was modified to select the a and b factors used in the calculation of 
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Figure 5. Insfmrnenf frequency response. 
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Figure 4 Schematic of the microwattmeter. Note: "E" designates "Ohms ". "Nu means "nano- ". 

Level in dBm for the appropriate frequency range. The resulting and displayed on the first line of the LCD. If the switch is set to 'ADC 
frequency response error curve is shown in Figure 5. The response is Volts', the voltage is displayed on the first line. Frequency is displayed 
now good up to 50 MHz, although the curve has noticeable 'bumps' on the second line of the LCD. 
where the program switches from one set of I used Microchip's MPLAB to write and simulate the various 
parameters to another. Of course, the error 'Owe' On pieces of sofhvare. This was my first assembler program and it shows in 
increases with frequencies above 50 MHz the code. I ended up with only a few program words to spare. With 
because there the last set of parameters remain more experience, 1 would probably have been able to optimize a lot of 
in use. Also, the response is approximately 0.5 the code and perhaps squeeze in a few more features. 
dBm 'high'. This may have been caused by an Conclusion 
error in the previously determined output level 
of the MFJ-259. For ultimate accuracy, I use a The Analog Devices AD606 is a good choice for the accurate 

switch to have ADC readout in Volts. I then measurement of RF input levels in the range -75 to +5 dBm at frequen- 

use the calibration charts developed earlier to cies up to 50 MHz. It is not a cheap part, but it has good linearity and a 

determine input level. usable limiter output. Using a microconh.oller in combination with an 
Select regressio ADC and an alphanumeric LCD makes a reasonable correction for 

The microcontroller program factors frequency dependency possible. If you need a higher frequency range, 
Program flow is quite simple; see figure the Plessey (5) SL3522 (500 MHz), SL2524 (I.3GHz) or the Analog 

6. The program begins by initializing variables Devices AD641 (250 MHz) seem to be good choices although they may 
and setting up the ADC and LCD. It then be difficult to obtain in small quantities. 
enters a continuous loop. First, the Volt- The source code of the 16C84 program is available at: 
agenevel switch is read. Then, the frequency http://www.geocities.com/CapeCanaveral/Lablpa3ckr. 
is determined. The ADC is read 16 times, Calculate level References 
results are summed and divided by 16 to filter in dBm 
out some degree of noise. If the switch is set to The items referenced in the text can be obtained from the 

'Level', the a and b factors for the appropriate 
frequency range are read from EEPROM and ( I )  http://www.analog.com 
the level is calculated with two significant (2) http://www.microchip.com 
digits after the decimal point. As a display (3) http:llwww.man.ac.ukl-mbhstdj 
resolution of O.OldBm is too much precision 
for this type of instrument, the result is Figure 6 Program 

(4) http://www.iaehv.nl/users/pouweha~lcd.htm 

rounded to one digit after the decimal point logic. (5) http:/lwww.gpsemi.com 
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Jon Iza, 
What Cu7 Tone do vou  refer? 

EA2ST 

. 
Daniel, 9VIVX (mailto.&~niel~andora.lugs.org.sg) stalted a 

thread on the QRP-I. with the above ment~oned st~bject. After several 
posts on the same subject I jumped into the discussion with some 
information I've gathered over the years. Ifere it goes. 

rve read with interest the thread on CW tone and have been 
following threads like that for several years, so here I go with my two 
pesetas. 

Most of the rigs have pitches around 750-800 Hz heing the 
filter/BFO/LO system adjusted in such way that when transmitting, the 
carrier is shifted "exactly" the same amount and in the right direction. 
If you try to listen at a lower pitch, your canier will get shfted and 
ma" get out of the receiver passhand of the other station. 

The problem is that, aAer the rig, there is a couple of ears and a 
brain doing a nice hybrid mechanical and electrical (analog and 
digital) signal processing to change those funny noises into a 
(hopefully) meaningful, wise sentence. 

It seems that 800 Hz, or even higher values, like the one used on 
the Heathkit "Green Boxes", 1000 Hz (posted on the list by George, 
W5YR) was picked hecause that's close to the highest "sensitivity" of 
the human ear, following the well known Fletcher-Munson curves. Rut 
that doesn't mean the highest "selectivity". 

In 1989, G3XJS. GWODY? and G8PG did some research on the 
subject and published a report entitled "Project Frequency Band, 
evaluating the use of LC passive filters on DC receivers, instigated by 
no other than Ed Wetherhold, W3NQN, ARRL's technical advisor on 
passive filters. They used filters with several center frequencies and 
bandwidths, fmding that the the filter centered at 450 Hz was more 
useful than the one centered at 750 H7.. but having both added 
flexibility (Hawker, 1989a) 

If you have k e n  lucky enough to built any filter using the nice 
kits Ed makes (also pmvided by the GQRPClub for European hams), 
you prohahly remember in his leaflet there were details for filters 
centered at different frequencies, many of them at low pitches (one of 
the consequences of the above mentioned report). 

Later on, G3VA reported on a different experiment done by 
Tony Tuite, an ex-RAF operator, carried out with ten well seasoned 
operators (over 50 years old). They were set up to listen to CW at 
18-20 WPM and to note the prefemd pitch. Six of them said 750 Hz, 
but the real pitch was close to 500 H7.. Three said 600-700 Hz, and 
they were 475 klz. And one had perfect pitch and was 50 Hz close to 
the frequency he noted of 500 H7.. When the transmission speeded-up 
to 25 WPM, they tended to increase the pitch to 600 Hz (100 higher 
than at "normal" speed) (Hawker, 1990) 

Another source of information for me was Magin, EA3LL, one of 
ow best EME operators in Spain, who bed my W9GR DSP (version 
I) on his station. He was disappointed with the unit, not for having a 30 
Hz filter centered at 750 Hz, but for not having a CW filter centered at 
400-500 H7. He told me EME operators use very low pitches, around 
400 Ilz, bemuse it is way less tiring to listen to for hours than with 
higher tones. 

That reminds me of another note made by G3VA on a paper by 
E. Zwicker and R. Feldtkeller "Das Ohr als Nachrichten empfaenger" 
(The ear as a receiver of information) dated 1967, where they stated 
the ear has 24 sub-bands between 300 i-lz and 20 kHz, heing the 
subbands narrower (I00 Hz) at the low end of the hand, and wider (2 
IcH7) at the top. It looks like a CW desired signal can he masked if 
there is an interfering signal "within the same sub-band" even though 
the ears can differentiate and filter tones 50 Hz apart, or even less. ' f ie  

linal recommendation of the authors was to use low pitch signals 
(300-500 Hz) (I  lawker, 19R9b). 

On the same subject, Ken, K6HCP noted that weak-signal 
operators preferred low pitches and, most interesting, the use of low 
pass filters!! (Holladay, 1975) He wale that the brain copies signals 
by comparing signal against signal, or signal against noise. Narrow 
filters exclude some signals AND noise which can make detection 
more difficult. Ade Weiss, WORSP, made a very good post about 
several sub.jects. One included a quick note about a OT from 160 who 
used to decode signals by listening to the "different noises". More 
recently, John, K3PGP has posted on the CW list that he uses, for 
weak signals, a wide 2.1 kHz filter and an in-between-thews, 
'organic' filter, getting solid copy down to -17 to -20 dB below his noise 
floor, stating narrow filters me tiring. Previous work was done by 
W2IMI.J. who teed out several experiments using a 3 kHz wide 
receiver and a CW signal of varying level. The signal was "detected" 
with a -20 dB S/N ratio (signal 20 dB below the noise), callsigns were 
copied at -91-12 dB SM and at 0 dB SM (signal equal to noise) the 
copy was 100%. It looks l ~ k e  the copy of the callsigns was possible 
hecause the hraim was using a receiving bandwidth of 50 Hz or so, 
increasing the SM ratio (less bandwidth, less noise). From a graph in 
the article, it looks like the critical bandwidth goes through a 
minimum of around 20 Hz at a frequency close to 400 Hz (which now 
may he wong, after the new research done on the field). 

Based on a German magazine article from 1979, DJ4SB and 
DJlZB published in Sprat No 58 (1989) the maximum selectivity of 
the human ear peaks at 300400 Hz... 

If it were not enough with all these ramblings, another thread 
started recently on the Ten-Tec list. Most of you know very well that 
Ten-Tec rigs have a fame of being excellent for CW work, and are 
used by top CW operators (including one who sent a bitter letter 
complaining the CW keyr  installed on the Omni was only going to 69 
WPM ... :-) Well, it looks like many of them really like lower pitch for 
CW receiving, and they have lobbied the Ten-Tec filter maker to 
prepare a special order of CW filters specified for lower pitch. 
(Remember what I've said at the heginning of the posl?) That way, they 
will be using a low pitch on receiving, and the CW canier when 
transmitting will he just on the right spot for the other station to go 
easily through its filter bandpass. (This is a problem with multifilter 
rigs, since one cannot change the shift hetween the RFO and the 
bandpass center frequency of one filter without altering the response 
curve of the other filters. In ow QRP rigs with just one filter we can do 
whatever we want, and set the shift as low as needed) 

While preparing the special order, they asked the list the same 
question as here: What CW tone do you prefer7, and the replies were 
interesting. Most of the operators settled for a frequency very close to 
550 Hz +I- 50 Hz, with some outliers. After reading my notes, I 
wonder how many of those measurements where well done .... maybe 
they me all close to 400 I b .  It looks like 25+ ops are going to spend 
125-150 bucks on a specialader filter to enjoy their rigs mo re... 

So it looks like the CW and weak-signal operators prefer low 
pitch tones for reception of signals. R may he food for thought for the 
designers, to "tweak" their designs and allow for lower tones. 
Enough for now, Be well, jon, ea2m A phone operator! 

P.S. 
Scott, NF31, posted a long detailed study on how many "waves" per dit 
will he sent at 40 WPM for different pitches. I have exchanged several 
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emails with Gary Bold, ZLIAN, who writes on the NZART Break-In 
bulletin about CW, on the very subject. My hypothesis was that at high 
speed CW, the ear must have inertia problems, "starting" and 
"stopping the eardrum with each dit or dah. Elaborating on that, I 
would say the eardrum has to pick up several "waves" to identify the 
signal amongst other signals and noi se... But when you know that there 
are folks around able to do 100+ WPM, the hypothesis goes down the 
sink. 

As quoted by G3VA from a paper in Nature, it seems that the 
haiu cells from the ear can detect motions of atomic dimensions and 
respond more than 100,000 times a second. (Hudspeth, 1989) one 
wonders: How the heck can we do it? Leon, GIHSM, made a 
comment that if the auditory system was twice as sensitive as it is, it 
would be possible to listen to the random movement of air molecules!! 
It seems that the brain is doing a lot of signal processing, and some of 
the hairs have embedded crystals which resonate at different 
frequencies, filtering the others. It seems they are still many things to 
discover. 
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by Auam 6. Kanrs, NZBK I ,  adam-kanrs(~uiowa.edu 
http://genorne33.ped-gen.uiowa.edu/hamradio 

ps: 
How to . . - publish - - -  * 

output from d progra: ms. 

Many times there 1s more than one tool that can handle a 
particular job, but more frequently there is one best tml. Using CAD 
programs, such as schematic and PC board design software, the goal is 
usually not to view yow design only on your computer screen. We 
usually wimt to output it to paper, export to another program, or share 
ow creations with others on the world-wide-web. AAer watching a 
thread on the QRP-L mailing list, I realized that many people are not 
using the right tools to publish their work. 

With so many different CAD programs out there, on so many 
platforms (DOS, Windows, Mac, Unix), and so many drawing 
programs, it would be impossible to give stepby-step cookbook 
instructions for how to publish output that more than a handful would 
be able to use. Instead, I hope to present the factors that should help 
you figure out what needs to be done with a particular situation facing 
you. 

A few basics fust. CAD programs, and some drawing programs, 
use vector drawing methods. That is where the data for the object 
drawn is in the form of instructions such as "draw a line 3 cm long, at 
a 45 degree angle, then draw a circle with a I cm radius centered 
where the other line ended." If you were to try to follow these 
instructions using pebbles 0.5 cm in diameter, you could do it, but the 
results wouldn't look as good as when you got to use tiny sand particles 
to "draw" the image with. The resolution of the sand dram image is 
much higher, and gives much more detail - BUT THE 
INSTRUCTIONS ARE THE SAME - a very flexible system. Of 
course, the same instructions sent to a printer that can draw with 1200 
dots per inch (dpi) resolution, would give even better results. 

Of course, something, you (the sand artist) or the video card and 
computer system, must be able to convert the vector instructions 
("make a 3 cm line"), and figure out how many (and which) pebbles, 
sand particles, or printer dots need to be used to make the line or circle 
of the correct size. These various ways of expressing the instructions 
with discrete "pixels" is making a bit-map of the vector instructions. 

When we want to take a graphic image, like a schematic 
drawing, and touch it up in another drawing program, or publish it to 

the weh, wc need to make the output go to a tile in a t k n  that cirn be 
understood by the other drawing program, or by the common w e b  
browsers in use. Without optional (and non-standardized) add-ins, 
web browsers don't know what to do with a vector based drawing 
instructions. They do have the ability to work with two common 
bit-map formats - the Graphics Interchange Format (GIF) and the Joint 
Photographc Experts Group (JPEG or JPG) format. Besides web- 
browsers commonly recognizing these formats, other graphics 
programs on different computer platforms (ie, Widows, DOS, Unix- 
vanants, and Mac) can work with images stored in these formats. 
There are other formats as well that you should at least be able to 
recognize the names of - TIFF, PNG, BMP, PICT, and others. Vector 
based file formats are less standardized, but include at least two 
c m o n  ones found on most platforms: PostScrip (usually for printing) 
and HPGL (usually used for plotting). Both of these formats are ready 
for exploitation for ow needs. 

Besides just storing information about the image, these bitmap 
file formats can do another very useful thing, they can compress the 
information into a smaller file size than is required to display the 
images. This is very handy for transmitting via the internet, and for 
moving around on relatively low-capacity floppy disks. Tney do this by 
storing information about patterns. For example. Instead of storing 
5000 data points each of the same value, the file could say "the next 
5000 data points are this value". This of procedure will result in 
no lost data, ie, when the image data is compressed into the file, and 
decompressed again, the result is identical to the starting data. This is 
the way a GIF file is stored. 

JPG files on the other hand use a very complicated method 
describing regions of the Image in a way that throws out some - - 

information for the sake of reducing file size: It hnns out that it works 
real well for ~hotopra~hic hve images with continuous tones where no . - .  -. 
2 pixels next to each other are likely to be the same, making it 
unsuitable for the GIF compression (the GIF image would store an 
exact replica of the data, but there would be no compression). 
However, when you try to wmpress a "line-art" type image, such as a 
schematic or PC board etching pattern, the JPG compression will 
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distort things, mainly around the thin lines present. People talk about 
a "halo" being present. 

Take home message: for line art such as schematics or circuit 
boards use GIF (or TIFF if it won? be going to a web-browser) file 
formats. For full-color or gray-scale photographs use JPG, but only at 
the last step of the process, since you lose image information the f ist  
time you put the file into a JPG format. 

OK, so a k  all this intro, how do you get a schematic you've just 
drawn with your CAD program onto your web page7 Here's the 
summary f&, and I'll give suggestions on how to accomplish each step 
aftenuards: 

Save your file in the default format for your program. 
Save or export the file to a vector hased file format. 
Open or import the file in a program that can work with vector 
based images, and export or save to bit-mapped images. 
Do whatever touching up your image needs. 
Save it to the appropriate bit-map file format. 
Check your work by opening the file with different programs. 
AAer fmishing your artwork in the CAD program, save it. Do it 

now. Don't take chances. Next, you'll want to save another copy in a 
vector format that can be utilized in a graphics program that can export 
to a bitmap. The way to do this may be sneaky if there is not a 
featured way, you print it to a file in a vector format. For example, in 
ISIS, my PC schematic drawing program, there is no export facility. I 
just tell the program that I want to print to either a Postscript printer, 
or to an HP plotter, and that the output should go to a file, not to a 
serial or parallel port. 

Next, open the file in your graphics program that knows how to 
open or import vector images. I use CorelDraw 6 under Win95, and it 
can import either the Postscript or the HPGL files written by the CAD 
program. 1 do what ever touchmg up is needed, including scaling the 
vector image to the right size - remember, vector images can be resized 
without losing quality. SAVE your work in the drawing programs 
native format, for me, that would be Corel's .CDR format. You'll want 
to do this because later you can call up the file in the drawing program 
without having to go through all the export/import steps. 

At this point you have the artwork in a drawing program, in a 
vector format, ready to be exported to a bit-map for the web. Since we 

are talking about schematics, youll want to use .GIF if it will be going 
to the web (for the sake of the limited wehhowsers). If you have 
other uses for the image, feel free to use another format, such as TIFF. 
You're drawing pmgram will hopefully have the ability to export 
directly to a GIF file (there are ways around that as well - later). There 
are some choices to be made that will impact size and quality of the 
outcome. Do you need black and white only, gray-scale, or color? 
Signing your name in color will make the whole image much larger, 
because everything will have to contain information for color. 
Generally, schematics should be in black and white only. 

Now for the less scientific portions of the conversion. 
Resolution and the size of the image will depend on how much detail 
you'll need to preserve (hack to the sand -vs- the pebbles). The more 
resolution and larger image sue  you pick, the bigger the file becomes, 
and sometimes more difficult for web-browsers to deal with. You'll 
need to play with converting to different sizes and resolutions, 
exporting the file, and looking at it in another program (you can use a 
wehbmwser, or a graphics file utility llke ACDSee or Minosoft 
Imager). After you've done a few schematics of differing complexities, 
you'll get a feel for how many pixels you need to make the file image 
to give the best compromise between sharpness and file sue. 

Those graphics file utilities, too many to list, can help you out if 
your drawing program can not export to GIF. If your drawing program 
will export a TIFF format file, then you should be able to find a utility 
that can interconvert a TIFF and a GIF, and your problem is solved, 
albeit with yet another step. 

I h o w  somehody wll  flame me 11'1 d o n h m e ~ o n  that there have 
been ud\ legal battles over the use of the GIF h n a t  I'm ammed the 
wehbrbwsgs got away with using it (JPEG has no such legal 
baggage), instead of using PNG, a format developed in response to the 
legal questions of GEs. Sure, I'd rather use PNG IF: web browsers 
supported it directly, and more graphcs programs and utilities could 
use it. 

Let me know if you have any questions. The whole thing sounds 
much more complicated than it really is, and after you do one or two, 
you'll get the hang of it. If you have an image that you just can not get 
right, email me and l'll see if I can make any suggestions. 

Adam B. Kanis, NZBRT 

It's back!!! Over ten years ago, Adnan Weiss, WOKSI' put out a 
book called The Joy of QRP. It quickly achieved cult status, sold out 
within a few years, and for years after that copies were quickly 
snatched up by QRPas whenever anyone was foolish enough to part 
with them. Long time QRPers who know of The Joy of QRP need no 
explanation, and for newcomers who haven? heard about it, all I can 
say is don't ask questions, don? thmk about it, just write out the check 
today and mail it out right away! You'll be glad you did. As KI6DS 
pointed out in a posting to QRP-L shortly afier the announcement was 
made, there are only 1000 copies being printed up this time. However, 
between QRP-L, NorCaUQRPp subscribers and QRF' Quarterly 
readers there are several times as many people as there are copies, so 
he and I don't expect them to last too terribly long. 

Send a check or money order made out to Ade Weiss to: 

The QRP Quarterlv 

Adrian Weiss WORSP 
526 N. Dakota St. 

Vermillion, SD 57069 

Prices are as follows: $23.00 First Class Mail (U.S), $26.00 
Foreign, Seniors (65+): $15.00, Two copies: $40.00 (shipped to same 
US address). Package Deal: JOY of QRP and HISTORY of QRP 
(usually $15) = $33.00. US Funds only, make checks to Ade Weiss. 

Disclaimer-I have no f m c i a l  interest in the book, and will not 
benefit in any way from its sales. (I can't say that I have no 
association with WORSP himself though; but youll have to buy either 
this book or lus other, A Histay of QRP in the US, to fmd out what it 
is!) Also, the QRP ARC1 is not associated with this offer in any way. 
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A journal without feedback from its readers is a ship without wind in its sails. Bad metaphors aside, we really do value your 
input, so  to that end we'd like you to fill out this questionnaire and send it back to us. Please note that this is a survey, not a 
vote. We want to hear what's on your mind! So if you can, please fill this out and send it to Ron (KU7Y) at the address listed on 
the hack of your QRP Quarterly. You can make a copy if you don't want to tear up your QRP Quarterly, of course, or send us 
email. Thanks much, and see you on the air! 

NAME CALL ARCI# 

I) Would you be willing to pay more (a dollar or so) for your QRP ARCI membership in order to have QRP 
Quarterly sent in protective packaging? - YES - NO 

2) Would you be willing to pay more (a few dollars) for your QRP ARCI membership in order to have QRP 
Quarterly sent via first class mail? - YES - NO 

3) What kind of articles would you like to see MORE of in QRP Quarterly? 

4) What kind of articles would you like to see LESS of?  

5) In your opinion, what is QRP ARC1 doing right? 

6 )  In your opinion, what is QRP ARC1 doing wrong? 

7) What could QRP ARC1 do to be a better club for you? 

8) General CommentsiFeedback 
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Introduction 

pitts ( 

Amateur radio has traditionally shied away from surface mount 
technology. There is a perception that SMT is impossible to work with 
for anybody with normal-size hands or normal eyesight, and that is 
impractical without expensive professional tools. On further investi- 
gation, many prove to be curious, but just don't know where to Start, 
or what to start with.This article is a little push in that direction-an 
introductory SMT project. 

I've been experimenting with SMT for some time, and decided 
long ago that any PC board I etch will use SMT (1 use ugly construc- 
tion, pertboard and wire wrap for the leaded stuff). One idea I find 
intriguing is building classic, well-proven circuits with new compo- 
nents and techniques, to see how they respond to up-to-date construc- 
tion. 

Here is an example: a classic Colpitts oscillator, followed by a 
shunt-feedback buffer. If the circuity looks familiar, it should-these 
circuits were analyzed in Solid Srare Design for rhe Radio Amareur. 
and are reproduced by permission of the ARRL. 

The parts in this project may not be familiar, so let's first discuss 
where to get them, what they look like, and how to handle them. 

Getting parts 

The electronics industry has adopted surface mount technology 
in a big way-look inside almost any piece of electronics equipment 
today! Distributors supply these parts, which means that most distrib- 
utors stock SMT components. The only catch is that since these dis- 
tributors are equipped for OEM orders, they may insist that you buy, 
for example. 50 chip resistors, when you only wanted one. This isn't 
as bad as it sounds: they're cheap, you can easily justify a group pro- 
ject, and you may fry some of them when you first try installing them. 
In fact, I suggest that you do fry some, to see haw hard it is to do. 
These components are tough! 

Some electronics stores carry lines like SURFPAK and miniReel. 
If you are lucky, one will be near you. 

Hams have stripped junk equipment for parts for decades. With 
the rapid pace of change in the electronics industry, equipment 
becomes obsolete faster than ever before. We hams remain the bene- 
ficiaries of this. 

My favourite source of components is junk cellular telephones, 
which are routinely available to haul away (or rescue from a dump- 
ster). They are loaded with resistors and capacitors, useful ICs and R F  
components, and may even come in a useful case. While they have 
many transistors in them too, this is not as good as i t  sounds. Read 
on ... 

Parts identification and markings 

Surface mount components are small, so there is very little room 
available for markings. Manufacturers use codes, some of which are 
industry standard. Some of them aren't. Some components aren't 
marked at all. 

Many components-especially resistors and capacitors-are 
made in standard sizes. Sizes useful for home construction include 
0805, where a component is 0.08 inches long, by 0.05 inches wide. In 
metric terms, the numbers are 2.0 by 1.2 millimeters, hence 2012. The 
next larger standard size is 1206 (3216). which actually feels large and 
cumbersome once you are accustomed to working with the smaller 
sizes.You can buy components from most distributors down to 0402 
size. If you can use these components for home construction, I envy 
you. 

Surface mount chip resistors are almost always labelled, and the 
labels are a numeric version of the usual resistor values. A 10k resis- 
tor, for example. will be labelled 103. 

Surface mount capacitors may or may not be labelled. If they are, 
they will may carry a code like resistors, or they will use a condensed 
code that is explained in the Componenr Daro section of recent edtions 
of the ARRL Handbook. In this code, a letter specifies the significant 
digits, while a number provides the multiplier. For example, W2 is the 
marking for a 680 pF capacitor. 

Physically large capacitors, especially electrolytics, are labelled 
with the standard numeric codes (e.g. 105 is 1 uF). 

Active devices are a problem! A transistor in an SOT-23 package 
has no room for more than a couple of numbers or letters. Worse, the 
codes are not standardized. A device in an SOT-23 package labelled 
IA may be a surface mount 2N3904 (Motorola's part number is 
MMBT3904LTl). But it may be something else. If you can identify 
the manufacturer, their data sheets will give the codes. 

Sadly, this means that junk equipment is not a good source for 
transistors. If you can test and identify them, great! Otherwise, you 
will need to buy them like everybody else. 

Integrated circuits in small packages like SOT-223 are labelled 
(or not) just like transistors. In larger packages, they may be labelled 
with a complete part number. Or an abbreviated part number, like 
M2401 for a Motorola MRFlC2401. 

Installing parts 

Professional SMT assembly and rework uses fancy professional 
tools with fancy professional price tags. We hams usually end up hand 
soldering pans, which isn't actually all that hard. 

You need a soldering iron with a tiny tip. If the tip is too big, 
attack it with a file. If in doubt, make it smaller. 
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You need good light. 

You need to be able to see what you're doing. If it helps, borrow 
or invest in a magnifier of some son. 

To solder a component, begin by tinning one pad on the circuit 
board. A little blob of solder will do. 

Position the component. 

Holding the component down, melt the solder blob you have just 
made. You will feel the component settle into place. Some use a tooth- 
pick to hold components down. I use a long fingernail. 

Solder the other connection(s) to the component. 

You're done! 

Professional assembly uses reflow and wave soldering. These are 
relevant to us because they affect how you remove pans from junk 
boards. 

Wave soldered boards are immediately identifiable by the little 
blobs of glue under the components. When the board was made, the 
parts were held down by that glue, then the board was immersed in a 
bath of molten solder. To remove the pans, be prepared to give them 
a firm push-the glue isn't very strong. 

Reflow soldered boards are made by treating the boards with a 
sticky mixture of solder flux and ground solder. This is sticky enough 
to hold the pans in place while the board is run through a hot air 
machine that activates the flux and melts the solder. Surface tension 
pulls the parts into perfect alignment. These boards are much easier to 
strip: use a hot air gun, wait until the solder melts, bang the board on 
the bench, and collect the pans that fly off. A gentler approach is to 
use a solder sucker. or solder wick, or even use two soldering irons 
like tongs to melt the solder at all the connections and lift the pan off. 

Experiment! 

Hams who are serious about SMT can use a variation of reflow 
soldering, with solder paste from a syringe (sold for SMT rework) and 
a source of hot air, like a small torch with a hot air attachment. 

A sample project 

Here is a sample SMT project I'd like you to try. 

When selecting the VFO I present here, I bore several things in 
mind. 

The project must be small. This is a project to get a taste of SMT 
construction, and see what all the fuss is about. It is not a multi-year 
research project. 

It must be cheap. If it fails, you haven't lost much. 

It must do something useful. Why bother otherwise? 

It must work well enough to show why surface mount is impor- 
tant. This project succeeds; all the SMT VFOs I have built have been 
exceptionally stable. They are also small enough that 1 routinely mum- 

mify them in bubble packing for that last extra bit of thermal stabili- 
ty. 

This project shows a peculiarity I have observed with other SMT 
oscillators. The stray lead inductance is far smaller than a leaded ver- 
sion, so they tune somewhat higher in frequency than you would oth- 
erwise expect. Not much. But enough that you may need to do a bit of 
cut and try to get the tuning range you want. 

I chose a bipolar oscillator because SMT FETs are not always 
easy to find. The transistor I use is  a Zetex FMMT5179, in effect, an 
SMT 2N5179. The buffer transistors are MMBT4401s. but any decent 
NPN transistor with a high enough Ft should do. Try it! 

Using a Colpitts oscillator eliminates the need for tapped coils. 
You can buy SMT inductors in the right inductance range, like the 
Toko 5CCD series. But they are expensive, and do not have as high Q 
as a good toroid. Try one if you like. There is room on the board. 

Similarly, air-variable capacitors are not always easy to find. If 
you would like to try varactor tuning, please do  so, and consider 
reporting the results. 

1 claim no originality for the electronics. They are a combination 
of the Colpitts VFO and shunt-feedback buffer amplifier analyzed in 
Solid Slate Design for the Radio Amateur, and are reproduced with the 
kind permission of the ARRL. The component values in the tuned 
cicmit are for a 5.0 MHz oscillator. Please consult Solid Slate Design 
for other values. 

"E7LOH 

Figure I :  Colpills oscillalor schematic 

PCB layout 

T h ~ s  I \  the full.ci/e PCB 
la)ok.l.Thr r~nlshcd size of 
the h o ~ r d  I S  30 hv SO mil- 
Ilmclcrs. In caw you're cun- 
ous. I 131d my proto1)pe out 
ullh dratt~np 13pC, from a 
penull 5kctcl1. 

l i g r w  2: PCB ioy,,irr 
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This is the parts overlay, at a somewhat larger scale. I usually Ground connections 
mount L1 and C1 off the board. 

These areas of the PCB need to be grounded. I favour double- 
sided PC board material for this, since it's easy to drill a hole and sol- 
der in a wire. 

w 
B E 

Y T L r  out g m n d  n 
Parts list 

Ffgure 3:Parrs overlay, wirh base diagrams 

PCB connections 

The external connections to the PCB are as follows: bers: 

SMT resistors and capacitors are widely available through dis- 
tributors like Digi-Key and Mouser. - ~ 

The semiconductors I used are, with their Digi-Key part num- 

FMMT5179 FMMT5179CT-ND 
FMMT4401 FMMT4401 CT-ND 
78L06 NJM78L06UA-ND 

Suggestion 

Many ofthe parts I've used only come in packages of 10 or more. 
Why not consider a group or club project? 

Summary 

See? It wasn't that bad. Once you're used to it, you may even find 
you prefer SMT over those big clunky leaded components. Every time 
I have applied SMT to a project, the results have been positive. What 
other discoveries await us? 

Back Issues of The QRP Quarterly Available 
George "Danny" Gingell, K3TKS, is now handling sales of back issues of the QRP Quarterly for 
the club. He currently has copies of all issues back to the beginning of 1995 and a few assorted 
issues for earlier years. Back issues are $2.50 to $7.00 each (depending on the issue) plus 
shipping. Four issues can be shipped Priority Mail in the US for $3.00. Contact Danny before 
ordering to make sure he has the issues that you need. (Please include your call, QRP ARC1 
number and telephone number in all correspondence.) Danny can be contacted as follows: 

G. Danny Gingell, U T K S  
3052 Fairland Road 

Silver Spring, MD 20904 
phone: (301) 572-6789 
email: IOTKS@abs.net 
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I t  lltt u ture Projl 
oug DeM 

Doug DeMaw. W IFB, was oneofthe founding fathers orQRP build- 
ing and design. He authored several hundred articles for QST, and several 
books that are still used daily by QRPers throughout the world. NorCal 
has decided to honor Doug with a tribute that we think he would have en- 
joyed, the "Back to the Future" project. We will update a series of projects 
that were first presented over 20 years ago with modem available parts. 
and also will provide circuit boards to fit those parts for those who wish to 
build these designs. The first of these projects is the Tuna Tin 2, designed 
by Doug himself. The "Back to the Futurc" project is hereby dedicated to 
the memory of Doug DeMaw, WIFB, enjoy 

The Tuna Tin 2 was originally designed by Doug DeMaw, WIFB in 
1976. It appeared in QST, and was subsequently built by hundreds of 

The I1  tarns ore spaced I wire thickness apart. Final a~~rrstment of 
this coil (L2) is done wlth the transmitter operating into a 50 ohm 
load The coil ttrrns are moved closcr together o r  forther apart 
until maximum oritput is noted. [Again, this part is not available, so 
W6EMD subbeda toroid, T37-6 @ellow) with 21 turns of#26 wire.] 
The wire is then cemented into place by means of hobby glue or Q 
dope. Indications are that the core material is the Q1 variety (per- 
meabiliry of 1251, which makes i t  suitable for use tip to at least I 4  
MHz. 

T I  is built hy removing a l l  but 50 turns fmm aRadio ShackNa 
273-102 rfchoke (100 IIH). The ferrite rare in this choke seem.y to 
be on the order of950. in terms ofpermeabili&. This is ~aodmoie-  

QRPers, who were attracted to the project by the relatively easy parts avail- rialfor making bmadhand transf~rmers, as veryfew wire turns are 
ability In fact, at the time of oublication of the article. vou could stoo bv requiredfora s~ecifledamorint ofinductance. andthe Ool the wind- . - . , 
tile l&al Radio Shack and pickup everythiog needed except for tl& cqstal. 

When I looked at the article in the summer of 1996 and decided to 
build another Tuna T i  2,1 discovered that all of the parts were not avail- 
able From Radio Shack. I contacted Dave Meacharn, W6EMD, and he 
agreed to look at the article and update the parts to modem, available parts 
sources. Because we were changing the physical sim of some of the parts. 
it meant that a new board would have to be layed out. That was to be my 
wnhibulion to the project. The board was layed out and the new schematic 
drawn with Circad which is available free on the internet at http:ll 
uww.holophase.wm. The freeversion is demoversion that is not crippled 
and is very useful for the average ham. You have the ability to printout 
circuit board patterns to a laser or inkjet printer with the demo version. 
About the only way the demo version differs h m  the full version is in the 
ability to generate Gerber files and PCX output. Holophase even has a 
special price for hams, $295 vs. $995 for non-hams. Contact them for 
dctails. 
Circuit Details: 

WlFB did a great job describing the circuit, so I decided to use his 
desctiption from page 15 of QST, May 1976. 

"A lookat the schematic will indicate that there's nobody at home, 
so to speak, in  the two-stage cirndt. A Pierce type ofc~stalosci l lator is 
used at Q l .  Its outprrt tickles the base of Q2 (lightly) with afew mtlli- 
watts of drive power: causing Q2 to develop appmximately 450 milli- 
watts of dc input power as i t  is driven into the Class C mode. Power 
output was measured as 350 milltwatts (IN W), indicating an anrplrfiEr 
eflciency of 70 percent. 

The collector c i m i t  of Q l  is not tuned to resonance at 40 meters. 
LI acts as a rfchoke, and the 100pFcapacitor fmm the coNectar to 
ground is forfeedbackpurposes only. Resonance is actually just below 
the 80 meter band. The choke value is not criticalandcouldbe as high in 
inductance as I mH, although the lower values wil l  aid stability 

The collector impedance of Q2 is appmximately 250 ohms at the 
power level specified Therefore, T I  is used to step the value down to 
amund 60 ohms (4:l transformation) so that the p i  network wi l l  contain 
practicalvalues oJL and C. The p i  network is designedfor low Q (loaded 
Q of 1) ta assure ample bandwidth on 40 meters. This wi l l  eliminate the 
need for tuning contmls Since o p i  nerwork is a low-passplter: har- 
monic energy is low 01 the iransmitter output. The pi network is de- 
signed to transform 60 to 50 ohms. 

LI is made by unwindingo 10 ~HRadioShackchoke (No. 273-101) 
andfil l ing the form with No. 28 o r  30 enamel covered wire. Thispm- 
vides an inductor of 24 uH. [Note: this part is no longer available from 
Radio Shack, so W6EMD subbed a 22 uH inductor here.] I n  a like man- 
ner: unwind another 273-101 so that only 11 turns remain. (1.36 uH). 

-,  ~ ~ 

ink wil l  be low/de>rable) A .secondary winding is added to the 50- 
turn inductor by placing 25 turns over it, using #22 or #2J enam- 
eled wire. The secondary is worrndin the same mtotton sense as the 
primary, then glued into position on the form. Teyts with an RX 
meter show this to be a very good transformer at 7MHz. There was 
no capacitive or md~ct ive reactance evident 7heprimary winding 
has an inductance of 80 u H  afier modification. [Although the RS 
273-102 is still available, W6EMD also replaced it with a toroidal 
transformer, as it just looked better and as long as you have to wind a 
toroid, you might as well wind hvo.) 

lncreasedpower can be had by making the emitter resistor of 
Q2 smaller in value. Howew,: the callector current wi l l  rise if the 
resistor is decreased in value, and the transistorjust might '20 out 
for lunch, "permanently, iftoo much collector current is allowed to 
flow. The current can be increased to 50 mA without need to worry. 
and this wi l l  elevate the power outpat to mughly 400 m W 

One of the goals of this project was to provide readily available 
part- plus an easy source for circuit boards. I layed out the board and 
sentthe artwork to FredReimers at FARCircuits, 18N640 Field Court, 
Dundee, IL 601 18, who is making boards available for $5 plus $1.50 
shipping and handling for up to 4 boards. 

I suggest that you do the metal work on your chassis before you 
start stuffing and soldering the parts on the board. You will first have 
to drill a hole to accommodate the connector that you have chosen for 
your key jack. You may use l/8", 1 / 4  or phono here. The choice has 
been left to the builder. But whatever connector you choose, make 
sure that it is mounted in the center of the rectangle show for JI, as 
J I must be insulated from ground; as it is the means for applying 12V 
to the circuit. 12V is connected to one side of the jack, and when the 
key is closed, the resulting short circuit connects the 12V to the cir- 
cuit. 

W 1 FB wired his Tuna Ti  2 on a chassis made from a Tuna can, 
and I suggest that you do the same. He mounted his on the bottom, 
using a set of nibbling tools to cut all but about 114" of the bottom 
out, leaving the 114" rim to solder to. I decided to mount my board on 
standoffs that are connected to the bottom of the can and bold the 
board up to the edge of the rim. I then was able to put rubber feet on 
the bottom of the can. If you chose my method of mounting, you will 
need to drill 3 mounting holes in the board and then matching holes 
using the board as a template. 

ARer you drill the mounting holes in the base, you will need to 
drill the holes for the 3 phono connectors and the SPDT toggle switch 
m the sides of the can. I mounted the Switch directly opposite the 
middle connector, and mo~mted the three connectors on the same side 
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of the can about 1 114" apart. See Fig. 1 for a diagram that showss the 
placement of the connectors and the switch. W IFB chose to put his switch 
between the antenna and the receiver connectors, but I thought that I would 
like to hare the power and antenna connectors on the back of my rig and the 
antenna switch on the front. 

Next wire the chassis as shown in the diagram. I used pieces of wire 
about 4" long to make the connections between the connectors and the 
board. See Fig. 1 for the wiring diagram. 

You are now ready to install and solder the parts. Refer to the parts 
list and the layout in Fig. 2. Besure to check the schematic too. When you 
have finished, you are ready for the smoke test. Apply 12V power to the 
power connector, hook up a dmmy load or 40 meter antenna to the rig, 
connect a key to the key jack, switch to transmit, and hit the key. You 
should hear a tone in a nearby receiver that is tuned to the frequency of your 

somewhat, depending on the exact characteristics of the transistor.7 cho- 
sen. The ooinr.~ marked 1 and 2 (in circles) can be ooened ro oermit 
insertion ;fa dc milliammeter: 71rh will be usefulin determininithe dc 
inputpower level for each stage. Power output can be checked by means 
ofan rfpmbe fmm J2 to ground Measuremenb should be made with a 
51 or a 56 ohm resistor as a dummy load. For 350 mWofoutput, there 
would be 4.4rms volts acmss the 56 ohm resistor 

Operating voltage for the transmitter can be obtainedfmm nine 
Penlite (AA) cells connected in series (13.5 volts). For greater power 
reserw one can use size C or D cells wired in series. A small AC oper- 
ated 12 or 13 voh regulated dc supply is suitable also. especially for 
home station work. 

I would like to thank all of the NorCal members who helped with the 
updating of the Tuna Tin 2 transminer, Dave Meacham, W6EMD for do- 

crystal ing thc cngtncering. Dat c Adams and Gan maria for prov~d~ng prorohpe 
If\ouha\~etrouble eentnc\ournetouoA. DeMan even Matrouble vork. Brad Mttchcll. Jem Parher andCieoree Heron for Web oaee ~roduc- - -, - . a - . - .  

shooting section to his original article that is repeated here from page 16, tion.. It is the first in a series of old time rigs that will be updated by 
QST, May 1976. NorCal. We will also do the Herring Aid 5 Receiver, the Chopped Beef 

The voltage shown in the schematic will be helpful in tmubleshoot- VFO, and the Coddlla Amp, all updated with modern available parts and 
ing this rrg All dc measurements were mode with a b 7 7 4 4  71re rfvolt- circuit boards, but still keeping the flavor of the original design. I hope 
ages were measured wmirh an rfpmbe and a VTlM The valtres may vary that you build and operate these rigs. 72, Doug, K16DS 

Tuna Tin 2 Transmitter 
Designed by Doug Demaw, WlFB 

Updated P a r t s  by Dave Meacham, W6EMD 

' DC Volt* L l  - ZZUH Choke. muse? WSHPn 

0 r RIlS RF Volts 
L2 - ZIT W8 on T37-6 IYcllorl T d  11.36uH) 

11 - I'll Prhary 128 on FT37-93 with 71 Sccond&*y W d  OD R h r y  

Parts List for Tuna Tin 2 Transmitter 
CI .OluF 
C2 100pF 
C3 OluF 
C4 220pF 
C5 OluF 
C6 270pF Silver Mica or Disc (100V) 
C7 220pF Silver Mica or Disc (100V) 
C8 .luF 
CY 22uF125V Elect. radial or axial (mounted off board) 
C10 .luF 
L1 22uH (Mouser 43HH225 or 7 turns #26 on FT37-43 Toroid) 
L2 ZIT #26 on T37-6 Tomid hellow) 
QI 2N2222A (Metal Case) 

5 0 h  
ANT. 

TO R r n .  

Q2 2N2222A (Metal Case) 
R1 4.7K 
R2 47K 
R3 2200hm 
R4 lO0ohm 
R5 1K 
R6 8.2K 
R7 56ohm 
TI 14T Pri. 7T See, on FT37-43 Toroid 
XI 40 meter crystal in HC49U style case. 

All resistors are 114 watt, all capacitors on the board have .25" hole spac- 
ing. You will also need sl~anded hook up wire, 118" or 114" key jack, 3 
RCA Phono jacks, I SPDT Switch, 1 empty Tuna can. Note that CY is 
mounted off board between 34 and ground. 
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u 
SW1 

Fig. 1 

Fig. 2 

Tunes 8 to 600 Ohms. 5131COWas 
12VG2190 mA. Board Size: 4.3 x 4.4 12VG2500 mA. Board Size: 6 x 8 

Case Size: 6.3 x 5.2 x 1.3 Case Size: 6.5 x 8.5 x 2.5 

KrWEnclaure rs rhipplng 

LDG Electronics Phone: 410-586-2177 MO R-MS ud 5 ~ ~ u  (6~) I445 Parran Road 
Fax: 410-586-8475 

e-mall: Idg@radlx.net 
ELL?C~??ON~CS Leonard' MD 20685 http://www.radlx.net/-ldg 
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There is more to QRP than just CW or SSB. If you haven't tried interface are available from your local Radio Shack store and the whole 
RlTY (Radio E e l e m )  with your QRP rig, you're missing out on an thing can be built f a  around ten dollars. While the basic homebrew 
awful lot of fun. Watching a string of letters and numbers march across HamComm interface won't match the performance of its commercial 
a computer screen in lock-step with the warblimg tones fran your equivalent, it will provide many solid contacts under good conditions. 
headphones is almost magical. A much better HamComm style interface is available in kit f m  

I put QRP-RllY to the test during the ARRL RlTY Roundup Gom Teny Mayhan, K7SZL. Teny m s  a website on the Internet that 
contest in January. I used my Icom IC-728 transceiver throttled back to deals with HamComm exclusively. You can learn everythmg you ever 
four watts along with a roof-mounted vertical antenna. When the wanted to know about the program Gom Teny's site as well as 
contest was over my station log showed I had worked 36 states, half the download the latest version. The URL to K7SZL's website is: http:// 
Canadian provinces and numerous DX stations during four hours of www.accessone.com/-tmayhan/index.htm. 
casual operation. The "fun factor" was off the scale at the high end. If your computer has a sound card, there is an even easier (and 

better) way to get on RlTY. Rob Glassey, ZLZAKM has just released 
WHAT DO YOU NEED TO GET STARTED IN RTTY? an upgraded version of his program called BTL (Blaster Tern). 
Getting on the air with RlTY is unbelievably simple and wuld BTL uses your computer's sound card as a data controller. 

end up costing less than a set of iambic paddles. In fact, it could even be Performance rivals many commercial multi-mode wntrollers in every 
Eree depending upon what equipment you already have in your shack. respect except price. The DSP filtering provided by BTL and the 

The basic eauimnent vou need for receivine and transmittine radio accom~anvina sound card is nothine short of amazing. I have minted . . 
teletype signals 
consist of ( I )  a 
transceiver capable 
of single sideband 
operation, (2) a 
personal wmputer, 
(3) an interface 
between the 
computer and 
transceiver, and (4) 
soklware. Most of 
us already have the 
transceiver and 
computer so it's 
usually just a matter 
of finding a 
hardware interface 
and a program. 

Probably the 
quickest way to join 
the fun is to buy a 
commercial multi- 
mode controller and 
its matching 
s o f t w a r e .  
Controllers are 
available from 
companies such as 
MFJ. Kautronics. 

(tiletype trjk for 
copied) signals I 
wuld barely hear in 
the headphones. 
QRM Gom adjacent 
signals rarely 
disrupts copy from 
the desired signal. 
So, howmuch does 

BTL cost? F a  a 
limited time Rob is 
offering the latest 
version to hams 
for.. .. . .nothing.  
That's right, it's 
free. He does go on 
to say that this will 
probably be the last 
free version, 
however. Anyone 
wishing to send a 
thirty dollar 
r e g i s t r a t i o n  
payment may do so 
with the 
understanding that 
it will go toward 
supporting his 
wntinuina work on - 

Hal, plus others. While these full featured, high performance devices this already outstanding program. Like HamComm, BTL is s o k e  
are readily available, the prices start at around $400 and go up from worth paying for. 
there. Fortunately, there are less expensive ways to get on RTTY BTL is available on the Internet at the Blaster TeLetype Home 

One very inexpensive way to explore RTTY is with HamComm. Page. The URL is: 
HamComm is a wmputer program designed to send and receive R l l Y ,  
AMTOR and CW using your SSB transceiver. Although the program is http://w.geocities.wm/SiliwnVal1q/Heights/4477Iinde~.hhnl#btl. 
shareware, it is very sophisticated, stable and bug-Gee. The best part is 
that registration is only tlurty dollars. The registered version also allows If you're looking for a change of pace, join the growing number of 
you to copy (but not transmit) PACTOR. QRF'ers who have discovered the joy of R l l Y .  You will not only meet 

The HamComm documentation includes a schematic diagram for some very inmesting people but it's just possible you may add 
an extremely simple homebrew interface that connects your transceiver new countries to your QRP logbook as well. 
to a computer. A commercial controller jsR't%ed. Parts f a  the 73, Bill, KD7S 
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Here is a quick overview of the new Oak Hills Research OHR- 
IOOA transceiver kit for 30M. The basic facts: 

MFR: Oak Hills Research 
20879 Madison Street 
Big Rapids, MI 49307 
Phone: (616) 796-0920 
(See WEB page at h t t p : l l w . o h r . c o ~  

Designer: Dick Witzke, KEBKL 

Model: OHRIOOA 

Size: 14.8cm x 13.5cm PC-hoard 
6.2511 x 6.25in x 2.7in case size 
(Sony for the change in units; couldn't find a ruler.) 

Weight: 23.6 ounces for assembled kit with case 

PC board: Double sided plated-through, solder-masked 
and silk-screened PC board 

Manual: 19 pages 8.5x11" double sided manual plus 12 
pages parts listings, schematics and illustrations 

Power : 12 to I4VDC 

RX Drain: 70111.4 

TX Drain: 850mA on transmit for 5W output at 13.6V 

Ant Connection: SO-239 connector 

Pwr Connection: Coaxial DC Power Jack 

Key Connection: 

Ear Phones: 

Speaker: 

Modes: 

Kit: 

Band: 

LONFO: 

Drift: 

Dial Range: 

RX: 
XMTR: 

IF Filter: 

Selectivity: 

RIT: 

RCA Phono Jack 

118in Stereo Phone Jack (internal jumper for mono) 

118in Phone Jack for external speaker (speaker not 
supplied) 

CW only 

Yes. Complete with case and internal parts. 

30M reviewed; 40M, 20M, and ISM available. 

Oscillator with 19.100-19.170MHz out (10.100- 
10.170MHz tuning range) 

Less than 300Hz in 20 minutes from a cold start 
with cover removed at 65 OF. Zero drifi thereafter. 
Measured with WWV receiver and Heath IM-2410 
counter. 

Marked 0 to 70 

SuperHet 

Rated 5W. Measured 2W into dummy and 2W into 
antenna at 12.3V. 

Four crystal filter at 9.000MHz 

About 1500Hz-350Hz variable from front panel. 

Yes. Up and down about 1 KHz each way. 

Gain controls: Audio and RF controls on frant panel. 

AGC: No 

RF preamp: No 

RF aitenuator: No 

Builtin SPKR: No 

Meter(s): No 

Sidetone: Sine wave generated at audio levels. Adjustable 
level and adjustable frequency. 

VFO: Yes. Covers 70KHz or a little more of the bands. 

Output: 5.OW adjustable (with internal pot adjustable 
through hole in rear of case) to lower levels down 
to 0 output. 

lntemal Keyer: No 

QSK: Yes 

Front Panel: Tuning 10.1 to 10.170MHz, Audio Gain, RF Gain, 
Variable Bandwidth for IF, and RIT. 

Rear Panel: ANT (SO-239), power, OSC out (RCA phono), 
Key (RCA), Speaker out (118in jack), and Phones 
out (118in jack), and hole for power adjustment (pot 
can be reached with a small straight bladed 
screwdriver) 

The Power, 2 RCA Phono Jack, 2 118" (3.5mm) stereo jacks 
and trim power for power adjustment are all PC board 
mounted. The front controls are all chassis mounted and con- 
nected with to the pc board through the use of molex connec- 
tors (like in the previous OHRIOO series). 

Price: $99.00 plus $5.50 S&H for the US; call for pricing 
for DX shipping 

Availability: Direct from Oak Hills Research at above address. 
May also be available from some dealers. 

Options: None at this time. DD-I for extern digital display 
additional. 

Date of Review: November 29,1997 

Additional technical information for the more technically inclined: 

1. Vackar VFO running from 5.100 to 5.170MHz mixed with 
I4MHz to get the I9MHz range. 

2. 9MHz IF with four-crystal Cohn filter variable from 1500-350Hz. 

3. NE602 first mixer in receiver with MC1350 followed by another 
NE602 and a 14-pin LM380N-8 for audio for headphones and a 
14-pin LM380N for speaker. Phones disengage the speaker 
output. 

4. Transmitter chain uses NE602 followed by couple of NPN amp 
stages and ZSC2078 for the final PA. 

5. Reception is on lower sideband, i.e. you tune down in frequency 
and the received tone goes up. Dial tunes left to right for increas- 
ing frequency. 

The PC board shop that Oak Hills Research uses has got to be one 
of the top ten in the world. The quality is outstanding. Green solder 
masked and with the white silkscreen is a joy to york with and doesn't 
cause a great deal of strain on the eyes. The registration and alignment 
of the silkscreen along with the crisp fine print makes the assembly 
process a joy. 

This kit, as the other OHR kits over the years, has step by step 
check 'em-off-as-you-go instructions. For the inexperienced builder 
there is a pictorial on winding toroids (there are 11 in this kit) and there 
are two pages of "parts pictorials" showing drawings of each part. This 
is like the old Heathkit manuals, and in fact Dick Witzke uses an 
illustrator that used to do the Heath manuals. 

I went through the assembly process without a single hitch. The 
instruction manual is complete and fairly detailed so there shouldn't be 
any trouble for the builder. Use a good 25W soldering iron with 63/37 
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or 60140 0.031in. diameter solder suitable for electronic assembly. 
Don't use any larger iron and use the best small tip you can find. 

The parts are first class. The tuning pot is a sealed l00K part made 
by Precision in Canada. A real nice pot and I like the feel. It is 
wirewound and will last longer than the carbon deposit type pots that I 
have used on other rigs. If you buy the digital display, then you may 
want to get a ten turn pot (there is plenty of room) and have additional 
fine increment tuning. 

I fired the OHR-100A up and aligned it in short order; nothing was 
installed incorrectly and no problems were encountered. Having a 
frequency counter or the OHR DD-I display will help in the frequency 
alignment. A general coverage receiver or another 30M rig can also be 
used. Dick has two built-in RF probes in the IOOA, i.e. IN34A diodes 

in place on the board with test points that allow you to peak the 
transmit and receive chain signals without a scope. A neat idea. Works 
great just using a DVM for the alignment. So you don't need a 'scope to 
set it up. 

As I don't have a 13.6V supply, so I used a 12.3V gel-cell and was 
able to get a little more than 2W output. A little more voltage is needed 
to get the 5W output, but I don't use that much power anyway. 

This puppy keys QSK smooth. I had the GM-30 listening to it key 
at 50+ wpm; smooth and clean. 

The receiver is great and can hear anything the Corsair I or the 
GM-30 can hear on 30M. So this is a rig that is definitely not short on 
performance. 

The Northem California QRP Club (NorCal) has come up with a 
unique kit: All the hardware required to assemble a high quality iambic 
paddle key! The key was designed by Wayne Smith, KBFF, and was the 
winner of the 1997 NorCal Design Contest. When Doug Hendricks, 
KI6DS, of NorCal first saw the key, he just knew that it had to be 
NorCal's next kit project. Doug contracted with a local machine shop to 
provide the machined parts, wrote a three page construction manual, 
and talked Paul Harden, NA5N, into producing an excellent full page 
exploded drawing of the paddle. 

All machined parts and mis- -_ 
cellaneous hardware (machine 
screws, nuts, washers, etc.) are 
supplied in the kit. The paddle 
base is a 3 in. x 2-318 in. x 112 in. 

orCal Paddle 

thick steel plate. The paddle parts 
are made of brass, with clear 
plastic handles. The machined 
parts are not "finished" and a fair 
amount of elbow grease is required 
to polish them if you want a 
professional looking end result. 
Although the work can be done 
with simple hand tools (including 
a good tile and a supply of fine 
emery cloth or paper), a small 
bench vice, a grinding wheel and a 
polishing wheel can be used to good advantage. Mechanical assembly 
is simple and progresses fairly quickly, but some "fine tuning" has to be 
performed along the way to shorten some of the machine screws (this is 
where a grinding wheel comes in handy) and file the length of a couple 
of bearings for proper clearance. The time consuming part involves 
filing and sanding the base to remove the rough edges and polishing the 
brass pieces. This is where some Jeweler's Rouge and a buffing wheel 
come in handy. The plastic handles also have to be cut to shape using a 
hack saw and the edges sanded and polished. (Careful; the plastic chips 
easily!) 

Contact spacing is adjusted with a series of set screws held in 
place with brass nuts. No springs are used in the key; tension is 
adjusted by varying the space between set screws in each lever arm and 
a bar magnet embedded in the center post between the arms. The end 
result is a paddle with a very nice feel to it. 

The accompanying photo shows the final product of my efforts 
along with my CMOS Super Keyer Ill (I). My only complaint is that 
the paddle handles are too far apart for my liking. However, I under- 
stand that the design has now been modified slightly to provide closer 
spacing for the handles. Unfottunately, the "original" kits (like mine) 
cannot be retrofitted to accommodate the new paddle arms that provide 
the closer spacing. Oh well - I guess 1'11 get used to it! 

A few words of caution to would-be builders of this kit: First of 
all, be very careful not to file the bearings too much! If you do, the 

lever arms will bind. But all is not lost if 
this happens; a new set of bearings can be 
ordered directly from the machine shop 

- .- , that supplies the parts to NorCal. The 
(i e. other caution is in lubricating the 

* < 
bearings: If too much oil is used, it is 

' ' possible that electrical contact to the 
paddle arms will be intermittent resulting 
is lost "dits" or "dahs". In an attempt to 
circumvent this problem, I coated the 

9% i 
bearings with a thin layer of conducting 

F 9 % !  grease (2) followed by a single drop of 
..., , sewing machine oil. I haven't experienced 

-.-.. ...--. ! 
.. ,. 

any intermittent contact problems, and the 
arms work very smoothly. Graphite or a 
thin oil containing graphite could also be 
used, but that stuff can be a bit messy. 

The kit can be obtained from Jim Cates, WA6GER, for $30 plus 
$5 shipping in the US. Like all NorCal kits, this one will be available 
only for a limited time so you should contact Jim (or check the NorCal 
WEB page at http:llwww.fix.net~norcal.hml) before sending any 
money. Jim's address is 3241 Eastwood Rd., Sacramento, CA 95821 
and his email address is wager@juno.com. 
Notes: 

(1) The keyer is available as a board-level kit (no enclosure or off- 
board parts are provided) from Idiom Press; see their ads in QST 
for current price and ordering information. 

(2) 1 used some conductive grease that came with a vertical antenna 
that I purchased several years ago. Similar grease can be 
obtained from electrical supply houses; be sure to use a type that 
is compatible with copper. 

CMOS SI rper Keyer Ill 
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This aflicledescrihes changes made tothe "Herring-Aid Five" receiver 
presented by Jay Rusgove, then WA ILNQ, in the July 1976 issueof QST 
to allow the design to he duplicated with readily available components. 
The original circuit was designed so that the constructor wuld obtain all 
the parts from Radio Shack and many of these parts are no longer avail- 
able. 

In keeping with the themeof using food containers aschassis for these 
designs Uus receiver was built onto an oval shaped Scottish Herring can 
hence the name. Construction was similar in general layout to the Tuna Tin 
2. 

The first change necessary was to get a PCB which suited the new 
component fmt prints and allowed for changes to the circuit whereneeded, 
to Uus end Doug Hendricks, KI6DS, laid out a new PCB using CirCad. 
Prototypes of this board were generated by Gary Diana, N2JGU. The new 
board is rectangular which will allow the constructor more flexibility in the 
choice of chassis or enclosure. 

The parts substitutions were made in such a way as to have as little 
impact on the original design as possible. The main changes have involved 
the substitution of toroids for the original solenoid style inductors. This 
then lead to the addition of trimmer capacitors, as inductance adjustment 
was no longer practical by squeezing up or stretching out turns. Audio 
transformers TI and T2 were replaced with readily available equivalents 
as were the semiconductors. 
The Receiver 

This receiver is a "minimal" direct conversion design in which the 
designer has haded a little performance for ease of construction with the 
then widely available components. I think the most unusual part of this 
receiver is the use of a single unbalanced BJT as the mixer in a 40 meter 
receiver, I imagine this unusual choice would cause severe problems where 
broadcast station interference was present. As the designer ofthe original 
receiver noted audio handuidth was left wide enough to allow for the re- 
ception of SSB and AM signals. The up side ofthis is that it allows for the 
use of the receiver for these modes, the downside is that it compromises the 
receiver's CW performance. 
The Circuit 

The incoming 40-meter signal is wupled to the source of Q1 via a 
tunedcircuit consistingofL1, L2, TC1 andC1. Q1 is a grounded gate RF 
amplifier and has its source tapped down L2 topreserve the Q ofthat tuned 
circuit. The output of the RF amplifier is coupled to the Mixer by another 
tuned circuit consisting of C2, TC2, L3 and L4. These tuned circuits pro- 
vide all of the 7 MHz selectivity. Q2 then mixes the VFO with the incom- 
ing RF and the resultant Audio signal is amplified by Q2 and coupled by 
TI to the audio gain control. Q3 and Q4 are conventional common emitter 
audio amplifier stages; the d o  output is caupled to low impdame phones 
by T2. The VFO wnsists of Q5. which operates as an un-buffered voltage 
hmed VFO. Ordinary silicon diodes such as IN4148 are used as varactor 
diodes in this circuit. The tuning pot provides a voltage variable from 0 to 
approximately 800 mV, which allows the oscillator to tune approximately 
100 kHz at 7 MHz. 
Construction 

Note: The description by Doug, KI6DS and Dave, AD6AY of their 
debugging of an early protome which appears on the NorCal page is in- 
valuable companion reading to this section. I commenced by building and 
adjusting the VFO. The VFO was designed to cover a range of any 100 
kHz of 40 Meters for 180 degrees of rotation of the tuning potentiometer, 
which suits the vernier drive originally, used. I first wound L7 which wn- 
sists of 45 turns occupying about five-sixths of the T-50-2 toroid. L6 con- 
sists of 5 turns imndatelv adiacent to the too of L7 and notine the ohas- , * - .  
ing in the circuit. L5 consists of 4 turns over the ground end of L7. VFO 
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output with the pot at the low frequency position (ground) is fairly Imv so 
as only 180 degrees ofpot travel is used I set the pot to about 20 degrees up 
from ground and then adjusted the frequency to be 7.000 MHz with TC3 
(across C4) Ifnecessm a turn or hvo can be added to or deleted from L7 
to achieve the desired range, it may be easier to replace the relevant capaci- 
tor, C19, with a slightly different value. This gave my receiver a range of 
7.000 to 7.100 MHz. If the oscillator does not oscillate try reversing the 
terminations of L6. 

The 180 degree requirement can be addressed either by using a ver- 
nier drive similar to the origtnal or constructing a frequency scale with 
7.000 MHz at 9 o'clock, 7.050 MHz at 12 o'clock and 7.100 MHz at 3 
o'clock and simply ignoring the unused portion ofthe tuning pots travel. 

The rest of the receiver can now be wnstructed. L2 consists of 45T on 
a T-50-2 tmid, tapped up 5 turns from ground; L1 consists of 4 huns over 
the ground end of L2. L3 wnsists of 45T on a T-50-2 toroid with L4 
wnsisting of 20 turns across L3. When completed C2A and C4A can be 
adjusted for best signal strength using live signals or an appropriate signal 
source such as a 40-meter QRP transmitter into a dummy load. CZA and 
C4A should each allow 2 peaks in incoming signal level per 360degree 
rotation of the himmer. If only one peak is obtained it may be necessary to 
add a turn or two (if the peak corresponds the plates fully meshed) or re- 
move a turn or two if the peak corresponds to the capacitor plates fully 
unmeshed. Alternatively it may be easier to increase or reduce (respec- 
tively) C2 and C4. 
Performance 

The performance of the Herring-Aid Five is better than I expected 
hmra n 11 has some lun~taocmc due to thewllerment~oned d e s g  tradeoNs 
Addluonall! the rael\er 1s able to coo\, SSB slenals. thls 1s a useful fen- . , - ,  

ture forthe beginner but is a limitation when using CW. I have been unable 
to find Scottish Herrings inVK and in any case 1 prefer to build this type of 
equipment on a wooden base with a front panel for the conhols so that I 
can see and play with the circuit at any time 
Conclusion 

This receiver offers a number of attractions. It allows you to experi- 
ence the performance of the humble single BJT mixer. N o h 3  is hidden 
in IC's; all voltages are available for observation. It provides a platform to 
experiment with one circuit block wtule leaving the others constant. The 
effect of a modification is more clearly seen e.g. a high gain IC audio am- 
plifier could be constructed outboard and audio fedtoit from the audio 
gain pot to observe the benefit or otherwise of lugher audio gain on overall 
performance. 

I have made numerous decisions and assumptions in converting this 
design to modern parts and have not explained these decisions in any de- 
tail Please feel free to contact me with any suggestions, quertions or ob- 
servations. 1 am not an expert but rather a keen learner and I make no claim 
that modifications I have made are the ultimate. I have enjoyed "playing" 
with this circuit and believe there is a lot of fun to be had "Back in the 
Future." 

1 would l i e  to thank Jay Rusgrove for the fine original design and 
article, Doug Hadrick$ KI6DS, for his tireless work in laying out the PCB 
and w-ordinating the project, Gary Diana, NZJGU, for prototyping the 
PCB, Dave Fifield, AD6AY for his work with Doug on one of the proto- 
types and his suggestedimprovement to L4 and fmally Doug DeMaw, WIFE 
(SK) for giving us so much. 72, Glen Tom VKlFB 

Herring Aid 5 Parts List 

3 C2A,4A,19A 4-20pF Trimcap 
2 C18,C20 20pF 
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2 C2,C4,CI9 39pF SM 
1 C1 47pF Disc 
2 C3.5 .005 uF 
1 C6 .01 uF 
4 C8,9,21,22 1 uF 
I C I I  47uF125V Elec. 
3 C12,13,14 10uF/16V Elec. 
I C7 47uF116V Elec. 
1 C10 47uF135V Elec. 
2 C15.17 470uFI35V Elm. 
1 C16 47uF 
1 D4 10VIIW Zener 
3 D1,2,3 lN914lIN4148 
3 L2,4,7 TSO-2 
1 L8 FT50-6 1 
2 Ql.5 MPFl02 
3 Q2,3,4 2N2222A 
1 R7 100 ohm 
I R14 180 ohm 
1 R1 220 ohm 

2 R3.17 
2 R5,RIO 
1 RII 
1 R2 
3 R4.8.12 
3 R63.13 
1 RIG 
I R15 
I T I  

I T2 

270 ohm 
470 ohm 
I K 
33K 
5.6K 
IRK 
47K 
68K 
IOK-2K Transfmr. 
Mouser 42TU002 or 
42TM002 
1 K-Rohm Transfmr. 
Mouser 42TUO 13 or 
42TM013 

2 VRI,2 5K Pot 
Misc. Connectors for headphones. power and antenna. b o b s ,  case. 
stranded hookup wire. Circuit boards for this project are available from 
FAR Circuits, I YN640 Field Court. Dundee, 1L 60 1 IS. The cost is $7.50 
per board plus $1.50 S&H for up to 4 boar&. Order the NorCal Hcrring 
Aid 5 Receiver Board. 

GNU ACME RADIO RECV. Co. 

P3 PY 

cz ceA 
L6 P5 

Pn. 

P2 

P t  

To VR1 Wrpe 
C5 Ald 5 

Feb.98 

Parts Layout for NorCal Herring Aid 5 Receiver 

Coil Winding Data for the Herring Aid 5 Receiver 
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PCB Layout of Herring Aid 5 Receiver (View from component side, Xrsy View) 

Troubleshooting the Herring Aid 5 Receiver 
by Doug Hendricks, KI6DS & Dave Fifield, AD6AY 

I fmished the Herring Aid 5 protoWe on the board that Gary Diana they were interchangeable, and as I was soon to fmd out, they are not al- 
made for me on a Thursday night. Plugged in the power, hooked up the ways.) Dave replaced the 1310 with an MFPlO2 and bimgo, 9.1 volts, just 
antenna, put the headphones on and evpccted to hear that wondefil hiss- as it should be. 
ingsound that you expect froma receiver. Nada, nothing!! Egads, it doesn't Next he said that we would see if the VFO was VFOing. He hooked 
work. I looked at the parts. check it twice, checked the toroid connections, up the scope. and nothing. not a sine wave in sight. He looked at the circuit, 
but alas, nothing helped. What to do?? I called Dave Fifield, trouble shooter checked all the parts and determined that the coil was wound out of phase, 
estroidinaire and a good friend. I asked him if he would have time to look so he reversed the leads for L6, and a g a i ~  like magic, bingo we had an 
at the rig if l were to drive over to San Jose. Dave is a good friend and can't oscillator. He measured the frequency, and it was at 6.8 MH7, which was a 
say no, so he said surc come on over, but it had to be about 4 PM or so on little low. It was easier to lower the capacitance in the circuit by changing 
Sunday as he had a huge list of honeydo's to fmish for the XYL. a cap than it was to change the tums on the toroid, so Dave replaced a 39 

With that in mind, I packed up the board, the schematic, the layout, pF with 5 pF and we measured the high end. Oops, now it was at 1 I .2 MHz 
the parts placement drawing and the original article and drove the 125 miles for the high end. He looked at me, and I h o w  that he hew, but he asked 
one way to Dave's house. (One advantage to having lived in western Kan- what value we should next. I suggested 22pF as it was inbetween the 
sas, distances don't mean a lot. Ask anyone who has lived in west Texas, two values that we tried. He soldered it in and voila, the top end was about 
Lhe Oklahoma Panhandle or an~where out west. We are used to driving.) 7.8 MHz and using trimcap C19A he was able to set the bottom of the 
When 1 amved Dave greeted me at the door and we sat out to debug the tuningrange at 6.998 MHz, which was close enough for us. One thing, the 
receiver (Dave doing the work, I was watching and listening as he very 5 pF that we tried first was a regular disc ceramic. it drifted several hertz 
patiently explained what he was doing and why). per minute, but when he replaced it with a 22 pF Silver Mica, the vfo was 

One problem we had was this was a new layout, done by me, and it much more stable. The point is use NPO's, Silver Micas or Polysiyene's 
was not tested. I watched as the old master himself went to work. He told in VFO's not 20% disc ceramics. 
mc that he was going to use the "Paul Harden, NASN" method. He would Ahhh, now we had a vfo, and Dave hooked up the signal generator at 
stan at one end of the schematic and check each section. 1 sat down and 7.040 MHz and he listened for it. It was there!! But weak, very weak. The 
watched as Dave did the following. mds of the receiver was only at -80dB. not very good. Lousy in fact. Dave 

First of all he checked for 12 volts at the supply and then for 9.1 volts said not to wony, that we had some hvealung to do. The circuit has two 
on Q5. (The schematic calls for a 10V zener in series with a 270 ohm tuned circuits that need to be peaked and are set by peaking a himcap in 
resistor. hut Dave had suggested using a 9.1V zener in series with a 390 each circuit (C2A and C4A). The first one came up very nice with two 
ohm resistorover the phone when I couldn't find a 10Vzenec) Had the I2 peaks, which is what you are looking for when you use a trimcap. Bruce 
volts at the supply, hut oops, there was only l volt or so at the drainofQ5, Florip w o k  a nice article on this in a past issue of QRPp But the other 
which is the FET in the VFO. Dave turned to me and said, this is not good. one only had one peak. Dave explained that k s  meant that the circuit was 
we must have 9 volts or so. Something is loading down the circuit. He then notreasonat at 7MHz. So he triedremovingcapacimce (again mucheasier 
checked the layout against the schematic, R16, D3, C22, R17 and D4 were than adding or removing turns) and it worked. S m  he had two peaks in 
all soldered in correctly and in the proper position. Dave had a bewildered the adjustment. He adjusted both of them back and forth, as they were 
look and askedwhere I had gottenthe transistor. I repliedthat it came from interactive. Finally he was satisfied. Now, lets see what it d m .  Only -100 
my stash, hut it wasnoltheMPFl02called for but rathera 1310. (1 thought dB of mds. Terrible. Dave read the original article and saw that Jay 
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Rusgmve got an mds of -130 dB!! Something was w n g .  
Dave looked at the circuit, and then he asked about the transformers. 

Were they the same? No one was a I OK to 2K and the other was a I K to 8 
ohm. He checkedthem out for proper placement of the primary and second- 
ary and they were correct. Then he asked if I was positive that I put the right 
transformer in the right place on the board. I wasn't so we checked the part 
numbers with a Mouser catalog, and sure enough, I had reversed them on 
the board. 

Dave had me repeat after h i  "Doug, I am a dummy. Doug, I am a 
dummy." That is supposed to exorcise the dummy demons or the badgers 
or something. Dave unsoldered the parts, exchanged them and tested the 
rig. Maybe -I I0 dB. But still something was wong. Then Dave looked at 

the bias resistors on the 3 2N2222 transistors and he said, "Ah Hah! I see 
the problem." One of the bias resistors was 560 ohms instead of 5.6Y it 
does make a difference. He switched i t  out, and tested the receiver. He still 
wasn't satisfied. Then he sat down and studied the schematic. He decided 
that we weren't getting enough coupling at L3 and L4. This was one of the 
coils that was changed from the original Radio Shack modified part to a 
toroid. He rewound it and changed it from L3 at 45 Turns and L4 at 5 turns 
to L3 at 45 [urns and W at 20 turns. He resoldered the toroid, and what a 
difference. Dave tested the mds, and it was at -123 or so. Very good for 
such a simple receivcr The rig works!! Thanks to Dave for doing such a 
neat job, and helping me to learn some more about trouble shooting. I can't 
wait for the Elmering sessions to begin. 72_ Doug. KI6DS 

TIME TO CHECK THE ADDRESS LABEL 
Please remember to check the address label to see if you need to renew your membership in the QRP ARCI. 

DON'T MISS A SINGLE ISSUE OF THE QUARTERLY 

APPLICATIONS MUST BE RECEIVED AT LEAST 30 DAYS PRIOR TO THE COVER DATE TO RECEIVE THAT ISSUE! 

Don't wait for us to send you a reminder, we just might not! 

Kits - from the the small one evening "funTT kits 
to the high end multi-band, multi-mode transceiver. 

Kanga US canies a wide range of QRP kits from the simple easy to build SUDDEN Receiver and the ONER TX to 
the Hands Electronics RTX 210 - a multi band multi-mode microprocessor controlled transceiver. Kanga US imports 
!& from two of the major QRP kit manufacturers in the UK - Kanga Products and Hands Electronics. Kanga Products 
has for many years been producing kits like the ONER Transceiver and the SUDDEN Receiver. This year at Dayton two 
new kits were introduced in the ONER line -the ONER Stockton power meter, and a ONER Keyer. Also introduced 
were the FOXX Transceiver and the Spectrum Wavemeter. All four new kits sold out on Friday afternoon. All will be 
stocked by Kanga US 

The Hands Electronics line of kits includes the only all band ssblcw transceiver kit available with a DDSIMCU 
option. Also available are the GQ series of transceivers. These transceivers are extremely popular in Europe because of 
their excellent strong signal handling capability. 

Kanga US also produces kits here in the US. The high performance R1, R2, miniR2, T2, and LM-2 modules 
designed by KK7B are available. These modules can be the basis for a very high performance rig on any band between 1.8 
and 1296 MHz. That's right - 160 meters to 12% MHz - ssb, cw, am, or psk  

For more information on any of the kits available from Kanga US, check out the web page at http:l/ 
qrp.cc.nd.edu/kanga/ 
or send $1 for a catalog to: 

Kanga US, 3521 Spring Lake Dr. Findlay, OH 45840 419-423-4604 kanga@bright.net 
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Results: Fall QSO Party 
Results: Holiday Spirits Homebrew Sprint 

Announcing: Spring QSO Party, The Hootowl Sprint, 
MW Field Day, Summer Homebrew Sprint 

UPCOMING EVENTS 

ARCI Spring QSO Party 
QRP To The Field 
Hootowl Sprint 
Michigan Memorial Day Sprint 
PA TAC 
Field Day 
Michigan July 4 Sprint 
Summer Homebrew Sprint 
Flight of the Bumble Bees 

April 11-12 
April 2 
May 24 
May 25 

June 6 
June 27-28 

July 4 
July 12 
July 25 

1997 QRP ARCI FALL QSO PARTY 
The Fall QSO Party saw a resurgence of the higher AE41C; My best &at ya! - AD4ZE, Low power, low key, no s v s  and tdally 

enjoyable - KSTF, Gmd mditims,  much fun! - WNPWP, Worked G, DL, Pa, bands, especially 15 meters. Many of the entries contained EA and CT all QRP,QRP - W3KC; Fun rmtesZ with some uneveded DX: 
remarks about how 15 was open, but underpopulated. And many oM~AG, GW3PRL F ~ U I G  - KBWE, ~ l h e m v m t i m s  must be keeping TX NM 

of our European friends used 15 as a highway to stateside QSOs. and CA Satims offthe air - N2CV: It was really f m  to hold s fra~umey m I5 M 
speakng of E ~ ~ ~ ~ ~ ~ ,  we had more from and m Stltims with mly 4 W& - W A I Q W ,  Great fim, bands weren't ha4 Ids of 

manbers m - K4AT; Picked up a muplenw stat= towards WAS goal - KSHQV-, 
across the pond than in any recent QSO Party, tangible n i s  is the fiMtime 1 parti"pat4 and enjoyed it immensely! - WLA; cmdx  FB 

testimomy that the Spots are happening. on 15; nexi spring should be great - K4NK, Gmd to hear so many members on, 
If conventions in Texas, New Mexico and California sorry I muldnr have spa t  more time - VE3JC, Great band m d i t i m ~  40 and I5 

kept the overall number of contestants down, there's no telling ",~';","'~~","&~$:~~~,"~;,"~~~a",'~~~~~~ f"GyhyE 
from the results. It was, by all measures, one of the biggest we've ,, in , lag time. A ~ l l  bands in grest shape. KAITQM, since s p h g 9 7  

had in recent years. QRP Lives! uee wppming m e  md of the a m m a  b ~ w  d m ,  and lightning struck tree 
supporting h e r  a4  meking off 30' of the an tma  ... - WZQYA; Had a great time! 

SOAPBOX: Low bands n d  as adive this year fmm NE, no 160M adivity when I - AA3GM, I heard the ma*f e t i m s  in the lad five minutes of the oont* butthq. 
lismed - KCIDI: What can I say? It's fun, fm, f m  e v q  time - N4ROA; Worked muld not hear me llnda their noise - WB6FZHKHL Ernie, W 8 W ,  vaporized 
CTIETT, he was at 750 mW - K8ZAA(using MFJ Loap!), Highli&t was working my antma.  Well almosi. - KJSMG; Worked mou& n w  manbas to g d  a "500" 
WORSP, had never heard him on before in my meager QRP a m  - WJ7H; Great dicka  for Operating Acheivanent certificate - K4AHK; I was shading f a  50 Qs, 
to h a t  good sigs m 15m again - G3.WS: I got WY and ID andthafs not easy h m  got twice that, including Alaska and Panama - N40Y, Smut needed additional 
hae, even QRO! Surprisingly the Wls and W2s were nowhere to be heard - fihaing to handle all the QRM m 40 M - but I did not have any! - KDSKP; First 
PAIIASC; I think 10 M was probably apm more than we thought - M 7 W ,  attempt at milliwan rmtesZing - I lave it! - N31UT; Pmpagatim was much bdter 
Highli* was having WQSRP ~~R my CQ m 160 M and working JA m ISM, 2 than last year - V E C K ,  Busy weekend: VE exam JOTA sm- visaed had to go 
X QRP - NBUR, ' h e  usual big signals for small power plus gmd mnditims add up out to d h n e  when mndxgood, but had hm - W L N G ,  Had a blast! All workedwith 
to Fine Busins! - N 0 M ,  Great turnout. Elbows g d  a bit bruised, but e gal has to HW-9 and lmg wire. Oot 6 n w  rlater for 2xQRP WAS - N3XW. ?his was my 
hold ger frequency - N8U00; I started out thinking I would be a single band entry I fiM ARCI QSO Party. h was s great and relaxing mnte$ indeed! - W3MWY: 
wound up submining an all-bander; gum the bands are p&ig up! - KDZIX; Ovmll a fmtime until marauding RTTY Stltim movedmthe freq and d e l i M e l y  
B&w- SET and Hmey Do's managed 75 Qs m sevwl band3 - AE4EC; Great jammed 7040 for a lmg time - W0TID: Finally g d  the an tma  up higher but 
band mnditims, Ids of DX answered my CQs. W i d y  and mld m the hill in wasnl able to w& thetime I w d t o .  Had a ball anyhow - A C W .  Aspresident 
Wyoming but no slow this year - AEOO; #*?%%$#@ RTTY &a. H always of the QRP ARCI, I feel an obligatim to adually get m the air twice a year; the 
a m a m  what kind of m I can gd whm I put in the seat time - WZ7.T; Operated Michigan &a is the dher time - WA8MCQ, Wirh I muld have worked a little 
from the KSVT m t a  site. What a thrill using a m t a  a n t m a  system - Imger! - KB0WQT; I wmdahow manymilliwstt stations w R e m  80Mthis year? 
WA7LNW, Uhy would anyme bdher with QRO whm QRP is so much fun? - I logged AMPP, wito was m h g  250mW, with the h e i ~  ofthe Jmer filler in the 
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Argo ii - W E E ;  M a t  a matvelous night for a contesf under the mver of O a o b ~  was great to hear some activity fmm our QRP fiends in Europe - W7CNL; Tried 
skies - WBZKKX, ARa 6 ys experimenting funher a n t m a  refieman not QRPp level this time. Amazing what a little RF will do - VE4AKI; Sipals from 
mmanically feasible! - W8MW. Does anyme in Mantana o p d e  40M? - K9PS, West Coan wme n m g e r  than from East or Midwest! - OM2ZZ: See all Q R P m  in 
Cmditims didn't s e a n  as gmd as last year but I also al my paver from 4 wansto 2 the next mntest - LY2FE Had a ball in my four houn working the Ea* Coast and 
watts - WJ9B. Had fun as ahvays -need to hrar the West Coast batcr - W3ERU: England. ISM is back! - KF7MD: Worked my other threeteam m ~ n k  on at Iran 
This contest stunk. I had to Lhsse away a skunk to adjust the antma!  He was 2 bands eaLh Operated C o r n  N8PR's QTH - good m t m a r  and quid locatim. - 
599+20! - KZUD, Man, some of those other guys were loud! - WA1CHQ; N i ~ p  N4BP. 
antesf lots oraai* - WmIM, P m M e  ar Moraine State Park in West- PA: an 
experience and a halt? - N3DQU, Nice to hear W l  AW in the -test - W7BXZ; It 

1997 FALL QSO PARTY 
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AB4PP A84PP. AA4XX. WA4NID, WF4 

MULTI-OP. MULTI-TRANS, PORTABLE ""1 

TEAMS 
FOUR CORNERS N48P. AE4IC. VE7CQK 33455.865 

TEAM WISCONSIN NSAW, NKSG. AE9K 1'5663778 

NJQRPEANUTS NZTO. KB2JE. NZTNN, N2CQ 1'342'908 

MARYLAND MlLLlWATTS IQTKS. WA8MCQ. WGTOY. NF31. N3XRV 529,742 

MULTI-OP, MULTl TRANS. FIXED 
WQBRP K8DD. AC8W, NBCQA 637.980 

PORTABLE STATIONS. SINGLE-OP 
AE0Q 1.i32.185 

WlVT 87.080 

WA4CHQ 54,510 

N3DQUi3 5.775 

Adventure Radio Society announces new any four contiguous hour period of your choice. In either case, 

"TOP OF THE WORLD" Contest follow the rules of the ARRL event. 

Operations will comply with the definition of QRF' in the ARRL 
This event is linked to the June ARRL VHF QSO Party, which rules (CW, SSB or FM, 10 watts output or less). All participants 
is scheduled for June 13, 14 and 15, 1998. You may operate the in Top of The World will reach their sites by human power -that 
entire ARRL event and designate any period of four contiguous is, they will walk, bike or boat to their sites. The distance 
hours for Top of the World. Or you may limit your operation to traveled to the site is at the participant's discretion. 

MULTI-OP. SINGLE TRANS. PORTABLE 

TOP TEN 
N4BP 2,5C6,999 

AA7KF 1,896,048 

AEBQ 1,732,185 

K0FRP 1.481.676 

N C W  858.446 

N9AW 815,850 

N0UR 8 0 7 , m  

WZ2T 757,764 

WA7LN 754,845 

L &4c 731.136 
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SINGLE BAND 

80M WA3SRE 70,560 

40M WBMVN 434,728 

20M AB5UA 180.796 

15M K06W 43,750 

LO-BAND N4ROA 366.730 

HI-BAND K8ZAA 77.280 



Take a look at the Soapbox comments for the Holiday finding out is what many of you have known all along - that 
Spirits HB Sprint. and for the Fall QSO Party for that matter. QRP contests are an excellent way to step into the world of 
and you will see several excited people proclaiming this the be contesting, as well as k i n g  a wonderful proving ground for the 
their "first contest ever" or "first QRP contest". You'll also note nifty gadget you've just proudly completed. 
several "first milliwatt effort" comments. What these folk are What are HE contesters using these days? My curiosity 
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Overcame me, so I did a quick compilation of the gear used a"& topmve it was open, even though it wasnl - AB7TT, No b a a  way to - 
spend a Sunday a R m m  - WAIQVM My s a m d  &a. I heard a lot of statims the participants in this contest. Of 73 figs Illentioned in the 
but di&y getthmu&tomany. O f m u m m y  a n t m s  probably is likea leaky 

results, 42 qualify as homebrew. The bulk of these are kits ,  as durn, I O , ~ .  AWMZ. Hada blast! K D ~ S  r e a ~ ~ v s t ~ ~ e t h e s h n v  with his 40- 
follows: Norcal/Wilderness - 13: NNIGISWT. - 8: OHR - 6. simal; WEW. &'orkine W3TS m IOM was a &el atthevevstart. The C729 - . -~ ~ ~~. ~ ~- - - . . 
Hcathkil - 4, S&S - 3: Tenlec lat - 2: Ramsq - 2; Emtcch. \%a\ anr;ll addnlrn s l w -  \\6/H, Sr.$ual ctatmqcould l r  hard  hm ml\  Inr. 

u.rLed - .lRC)R.IQ: It was s rha l lm~doinpa  ~mtr-u \ s o h  f i d  t'iqum.~. ur\-l 
TCJ~S. Radlolul and K9AY all hadonc each. \'ere .mtroIIed 2.1, m,II,satt neil,,x,,,vtt, uidercrer\c h ~ n d \ \ ~ b h  - S41.V. Ircall\ - .  . 
listed as homebrew, which I surmise means built from scratch. miovedmv first arci && evevme was v w ~ a t i e n t  with mv small s i m s ~  - 

The final two Mini-Titans desewe special recognition: 
N 4 W  enterd the fray running a Pixie 11 and an MRX-40 
receiver, while W6SN jumped in with a Tuna Tin 11 and a 
Neophyte receiver. Talk about devotion to their craft. Bravo. 
gentlemen! 
Soaobon: MY fust milliwatt omtest - had a blad! N6GA was mv fust ever 
ml~ilwau amad' - SIFI  ( I  uarnmnlngYW also-maant Z W R I ' ~  Km ~ ' 1 -  

Cam). QSll made for some dttiicuh? hut nnu (i\l-20 XCYK a m r  ihrou& wnh 
11vm~col.m. \ E.I.%Kl. W#%h I Itad muretrnc - nlu.to hmr fam~ltdr a l l '  and 
med&menew m e  - evm had a mwle  ofraechews - WBOT: Did ARRL 160M - 
u rn l~q  Fn &Set nne. hut q!II had " rmtm enmn 'so v m t  4 msrc hour; spneang 
- \\+l'S. .\locus? to vmd s ;rx,l. @L> dH.mgrn - KJS\lC. Tom m t m  OKI'. 
h<n:to do n a w n  - VEYYlC:. (id hall'mb O'r Iq hour. thcn thundmlt-r - 
WSSB; From Alaska band was very thefirs! hour, a blistcingpace of 3 Qd 
Hr - AL7FS; Was a bit disappointed in 40Mtumout- where w- ID and NM? - 
N6WG: First Hmebrnu Sprint and I had a ball. I am alway sutprised what QRPp 
(240 mW) and a gwd a n t m a  will do - KU7Y; Great fun! Stayed m 15m long 

h_i i '~ ;  ~d l iday  spirits and .&RL 160M &$makes a very k l l  weekLd- 
KYPX, Llsed HB arsight key with button made from M&M. Didnt mek in my 
hand this time - W7BSZ, Great big QRM on 40.80 mu& b a a .  Wish I had 
switched over much s m e r  - N2SMH: Wow! 1 ran 28 slations in I hour at 900 
m W  Now that is my idea offun. That SW-40 with the OllR Scafreally work well 
- N2WK; 'hihis sprint was really Ikn - even 15m was open - WJKC, This wns my 
first attenmt at an HF ma. QRPm s lway impress me with how patienf 
courteous and proficial they are - KB2HSH, Goaa gd more band modules forthr 
Sima (80. 15) - N1ROA: Wish I muld have operated longer. Was just g a b g  
used to my Norcal paddle! - N7GS; 

TOP THREE 
W3TS 237,360 
KU7Y 124,950 
W6ZH 116,450 

SPRING OSO PARTY Team Competition: Competition between teams msisting of 2 to 5 members 
will he a separate category apart from individual entries. Team m a n h  will he 

Ihtemime: listed as hdividuals and the team s m e  will be the total ofthe membns' scares. 
The team caplain must send a I& of team members to the a n t &  manager 

April 11,1998,1200Zthrou&April 12,24002. W a k a  marimumof24hoursof pma rkeda leastmedaypriortotheQSO Party. 
the36 hour peod .  CW only. 
Exehmy: 
M ~ n b e r  - RST, StateiRovhcPICountly. ARC1 N u m k  

E n w  may be an All-Band, Single Band, Hi-Band (ZOM, ISM, IOM and 6M) or 
h B a n d  (160M, 80M and 40M). Cntificates to the tap 10 scores. to the top 

Nm-Member - RST. StateiRovinaiCounlty, Paver Out smre in earh Singlehand, Lo-hand and Hi-band dass. and tothetap m e  in earh 
QSO Points: claw in each SPC. The mte s t  manager r-es the ri&t to recognize spsial 
Member = 5 Point5 significant entries with a Mificateawad. 
Non-Member, DiffRBn Caninad = 4 Points Entry includes a mpy of the 1 0 ~  and a separate summary shed. 
Non-Member, Same Cmtinmt = 2 Poims Include duplicate check sh&r with a l r i s  of 100 QSOs or more. Indicate total 
Multiplier: t imeon-t l~~air ,  and include a legiblcname, call, QRP ARC1 Number (if any) and 
SPC (Slate/Province/Country) total for all bands. address. 
SIPICs may he worked m morethan m e  band for &it. All entries must he received whhin 30 days of the omtest date. Late 
Power Multiplier: m l r i s  will be munted as check logs. M m b m  and non-mmbm indicate their 
O-250MW=XIS ;  250MW-lWat l=X10  output powa for each band. The high& paver used will detRmine the power 
1 W - 5 W = X 7 :  o v e r 5 w = x 1 .  mukiilia. pmva is mnsidered as 112 of input power. 
Suggested Fmqoencles: include a desaiplion ofhomebrew equipment, commercial equipmenf 

GENERAL NOVICE and antmas used with each entry. 
160Melml810 KHz Send an SASE for a summary and sample log lncludean SASE 
80 Meters 3560 KHz 3710 KHz with your adry for a ocpy of the results. Results will be published in the nea 
40 Me(sn 7040 KHz 71 10 KHz available issue ofthe QRP ARC1 Quarterly. 
20 Meter 14060 KHz The fmal dension m all mat- m o a n i n g  the m t &  rests with the 
IS M d a s  21060 KHz 21110KHz m t &  manager. 
10 Metm 28060 KHz 28110 KHz 
6 Metm 50060 KHz Entries are welmme via E-mail to CamQRP@qbergSt- or by mail to: 
Seor.3 Cam Hanford, N6GA 
Points (total for all bands) X SPCs (total for all bands) X Power Mukiplia. 1959 Bridgqml Ave. 

Claremont, CA 9171 1 

MILLIWATT FIELD DAY Five watts m e  operator 
Five w m ,  two operators, me trans mill^. 

Datemime: June 27,1998,1800 UTC to 2100 UTC June 28. 
Club class. 

Exchange: C l a d  ARRL Sedim, per ARRL Field Day rules Awards: Plaqueslo the w h a  of earh class. 
Points: Same as ARRL r u l q  ie: Phone mbds count one point each, CW &ads 
munt 2 points. Entry m s i a  of a duplicate ofthe ARRL Field Day d r y ,  msistingof Summary 
Rnnus MuUipUer: X 1.5 for fully potiablesetup. sheet and alpha-numeric listing of cmt lds  by band (dupe s h e ) .  All ARRL Field 
*oring: ~u l t l p ly  total of &acts by ARRLpower multiplier, which would be X5 D,Y ruleto be f ~ ~ ~ ~ w e d .  AII entries must -in cnnplde name, call. ad&ess and 
for an output pow^ of 5 watts or less. Muniply this score by Bmus multiplier, if hepoamaked no lamthan 30 days mnteg. hclude ds,.+tims of 
applicable. an tmas  and quipmmt used, hclude an SASE for -ten results. Entrim may be 
Entry classes: One wat& m e  apnator submitted via email to camqrpfacyberg81.com or by mail to Cam Hartford, N6GA. 

One w 4  two opea toq  atetmnsmhte 1959 Bridgepan Ave., Claremom CA 9171 1 
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HOOTOWL SPRINT I5 Xldm 21060 KHz 21110KHz 
10 M~LTS 28060 KHz 28110KHz 

Date,Time: \ b y  24. 1998: 8:00 PM to 12:00 Phl Lord  Time 6 M.3- 50060 KHz 
Exchange: 
M m h a  - RST. State!Provine!Country, ARC1 N u m k  Score: 
Non-hlcmha - RST. S t a t e P r o v i n e t C o ~ .  Power Out Points (total for all bands) S SPCs (total for all bands) X Paver Mukiplia + 
QSO Poinb: hlemba - 5 Polnts Bonus Points. 
Nun-\ lank.  Different Continent = 4 Points Entry may be .MI-Band Single-. Hi&-Band or Low-Band. Entry 
kon-hlmha. SamcContlnat = 2 Pod includes mpy of l o g  and summary shm. Indicate total time m the air. 
Multiplier: L~clude lrgihle name a l l .  address and ARC1 N u m k .  if any. Entry mud be 
SPC (State ProvincuCountry)tdal for all bands. The satno *ation may beworked rnx,vpd 30 davs of -t& date. ~ i g , s t  power used will ddmnine the 
mi mmorcthan one hand ibr QSO points and SPC 'redit. power muhiplier. S a d  an SASE for sample log and summary shcds. Indudc as 
Power Multiplier: SASE wid, your miry far a copy ofthersuits 
0 -250 .\IW - S 15; 250 hIW - 1 \\'an = S I0 The final decision on all manas m m i n g t h r  b e s t s  r a t s  with the 
1 W - 5 W = S 7 .  O \ , e r 5 U ' = S I .  a n d m  m a ~ a g a .  Entriw arewelmme via E-Mail to C a m Q R P i ~ ~ q h a g 8 t . m .  or by 
Suggested Fmquenrier: mail to: 

G E % W  WOVICE Cam Hartford. N6G.4 
160 h l R m  1810 KHz 1959 Bridsgepat Ave. 
80 hleers 3560 KHz 3710 KHz Clarmont. CA 9171 1 
40 h l d m  7040 KII7 7110 KHz 
20 kldm 14060 KHz 

1997 SUMMER HOMEBREW SPRINT Score: 
Points (total for all hnnds)X SPCs (total for all bands) S Power Mt~hiplia + 

DntrfTiie: Bontns Points. 
July 12, 1998. 2000 - 2400 Z. CW only. Entry may be an All-Band. Single Band Hi-Band or 1.0-Band. 
Exchange: h l m b a  - RST. State~ProvincelCountry, ARC1 Number Cditicates to the top three smra.  to the top r a r e  in eaih Single-band Lo-hand 
Non-.Llcmher - RST. StutelWovincelCottntry. Powa Out and Hi-band class, and tothetop smre in each SPC. Entry includw a mpy of 
QSO Points: M e m k  = 5 Paints. Nor-hlemk. Differat Continent = 4 Points: the logs and a qarate h a .  lndiwte total timwm-theair. and include a 
Nm-hl&. Same Cmtina~t  = 2 Points lqiblename. all. QRP ARC1 Number (if any) and addrex.3. 
~ u l t i p l i e r :  SPC (StateiProvineiCountrv) total fbr all hands. All entries mu* be rarived wiihin 30 days of the m t e S  date. Late 
S!P'Cr [may be worked on morethan one hand for credit. rntries will be munted as check logs. Membas and non-mmbm indicate Ulkr 
Bonus Points: Points awarded for using Homebrw et~uipmmt.apply fix eaLh band output for ea J, hand. me hi&& p w a  used will deermine the paver 
on whiih Homebrew equipment was used: t2.000 HB Transmitter used. +3.000 m,,kiplier, Output is -$idaed as 112 
HB R-ver used, +5.000 HB Tmnsceiver used Include a ds~miptim of banebrew eqaipment. mmmercial equipman, 
Homebrew Deliition: If you huih it. R is considered flomehrew. and antennas used witb each entry. Homebrm bonus points may not be claimed if a 
Power MulUplier: (Power Output) dsaiption is not included with the m e .  
0 - 2 5 0 M U ' = S I 5 :  2 5 0 h l W - l U ' ~ n = X l f I :  smd an SASE for a summary nnd ramnlelag rhsnr lndudenn SASE vlVl your enw fur s 

I W - 5 W  =x7: O\.er5Ur = X I .  m y  afUle rnullr. Ra~iltsunll he pubhhed m Ulenatsv&blelrrueofUleQRP ARC1 W m l y .  
nke &vd d-s,,~n on ail msna\ron&,g t h e m n t ~ h  r n t ~ 4 1 h  ~lemntatrnmaaa Sugeested Frequenrles: 

GE%R.&L 
1810 KHz Fntris  arewelmme via E-Mail to CamQRP@qkrg8tmm or hy mail to: 

160 M d m  
3560 KHz 3710 KHz Cam Hartford N6GA 

80 M d m  
40 h le tm 7040 KHz 7110 KHz 1959 Bridgepori h. 

I4060 KHz Clrranmt. CA 9171 1 
20 hlRer 
IS Me- 21060 KHZ 21110 KHz 
I0 h l d m  28060 KHz 28110 KHz 
6 M d m  50128 KHz 

at the Oner's discretion. 

Adventure Radio Society announces new 
The power for all participants is one wan. We operate CW on 

"POWER OF ONE" Contest 40,20. 15 and 10 meters. on the standard Q W  frequencies. We 
want this to be a national contest, so we encourage long-range 

This is a four hour event during the second Sunday of contacts giving double points for 20. 15 aud 10 meters. 40 
September, running from 10:00 PDT111:OO MDTl12:00 CDTI meter contacts will receive one point. The same station can be 
190  EDT to 2:00 PDT13:OO MDTl4:OO CDTR:OO EDT. Thus. worked on different bands for additional QSO points and 
the hours of operation accommodate all four time zones. multipliers. The exchange is RST, state/province/countly. and 

your status ("HB" for home-based and "PQ" for portable. 
No matter where you live. there is time to for Oners who chose 
to reach their sites with human power to travel to their Sites. Set separate but equal prizes are awarded to the home-based and 
up their stations. operate the contest. and travel back to their portable winners. 
cars. 

Details of this and all other ARS events can be found on the 
Both home-based and portable operations are encouraged. ~ d ~ ~ ~ t ~ ~ ~  ~ ~ d i ~  society web page: 
Portable Oners must use human power to reach their sites http://www.natworld.com/ars 
(walking. biking or boating). The distance traveled to the site is 

The Q W  Quarterly April-98 79 



In the last issue of the Quarterly, I started this series on 
SPICE and it's use for some amateur radio applications. Sorry, 
I had not been forewarned of the format change and thus was 
using the larger font that I had used in earlier columns. This 
I have now corrected and it puts more pressure on me and any 
author to fill in the space between the margins. But the good 
news is that in the same space we can put more goodies to work 
on and absorb. 

Let me add some information on the last installment 
whereby I listed a sample SPICE data file to analyze a five- 
element Chebyshev low pass filter. This type of filter is used 
as the final output filter for the PA of a rig. I went through 
some QRP books and took the capacitor and inductor values 
of filters shown in the books and ran them through SPICE3F4 
and plotted five of them. That graph is shown as Figure 1 in 
this section of this isaue of the Quarterly. I also used the values 
that I had just gotten from a kit and also plotted the a t tenue 
tiou curve on the same graph. That curve is showu as a solid 
line. The only curve better than i t  is for a filter that can not be 
built with off the shelf standard component values due to the 
odd values of the caps and inductors. If it was worth the time 
and effort of combining values for the caps and inductors that 
you can buy and find you could get close. I have not shown the 
capacitor and inductor values in order not to bias you one way 
or another. You should, if you have a running version of SPICE, 
start with the listing from last time and start using values that 
you can find or think up and test them. There are many com- 
binations that will work in whatever rig you are bnilding. Also 
remember that these are showu for forty meters and you are 
probably working on something for another band and anything 
that I printed here wouldn't be what you needed anyway. 

So what do you see? Well, first of all you see that some 
filters are better than others and some of them are dangerous 
in that the suppression of the second harmonic of forty meters 
and above is not as much as is posaible or desired. But also 
remember that this graph assumes that the twenty meter com- 
ponent has the same magnitude on the input of the filter for all 
the frequencies plotted from 1 Megahertz to 21 Megahertz that 
were computed. You should also note that the filters are fairly 
flat up to 8 Megahertz, but for constructed filters this will not 
be true due to more complex factors too tedious to discuss here. 

Let me take a few lines here and illustrate some basic fun- 
damental principles for just a simple RLC network. Here is the 
diagram and lets pick values for L and C that make the circuit 
resonant at 7.040MHz, a very nice frequency by the way and a 

very popular one if you happen to visit on forty meters during 
the winter months during the early evening hours. What we 

will start out with is an inductor with no internal resistance 
and plot the response curve for the circuit using SPICE. 

We get for this simple circuit a response curve by sweeping 
frequencies for 7.000MHz to 7.100MHz as shown in this figure. 

But by adding some resistance in series with the inductor 
L we can simulate the internal losses due to wire resistance for 
the inductor. First by starting with a value of only 0.1 ohms, 
we get: 

And then by increasing the internal resistance to 0.5 ohms, 
we get: 

Although the value was small, we get a significant change 
in the Q of the L-C combination and the net voltage response 
across the L-C network in the overall circuit. This is of real 
concern in modeling real circuits and those experienced in doing 
this can tell you of a number of significant hours spent in fine 
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tuning the models to match the actual circuits. parameters as shown below. Just modify the above program 

The point here is that with some computer tools like 
SPICE, using the version you have, yon can check some values 
out before you commit to building something on the workbench. 
And one should be careful of published values to some extent 
and check them out. Some values aren't that bad but were done 
possibly in the early stages of development of rigs and then p u b  
lished. Later the author probably found better values through 
experimentation and the new value and improved values did not 
make i t  into print anywhere. It's not that the author made a 
serious error a t  the original time of publication, but he or she 
just went with what was known a t  the time. 

While I'm a t  this point in the article, let me warn you of 
one difficulty that will occur with SPICE. The program is easy 
to get and a number of evaluation versions exist and public 
domain versions abound almost everywhere for any computer 
system both big and small. The biggest difficulty and to me 
the one that has taken some time is getting valid models for 
real world parts. The software vendors for SPICE go to a lot of 
trouble (and it is justified) to protect their model libraries. This 
is where the real value is. I am in the process of collecting all 
the models that I can off the Internet from the manufacturers, 
since they provide them free of charge in hopes that someone 
will use their part in something that will require millions of 
them to be used and bought. So be aware that not everything 
that you want to use in modeling will be available. Evaluation 
copies may generate the wrong model also so do be careful. 

So with that in mind let us continue to use SPICE to model 
some interesting circuitry. The next thing that I want to look 
a t  is the diode and its characteristics. There are two classses of 
diodes that we usually use in most of our QRP work and those 
are germanium and silicon diodes. Germaninm is used to de- 
tect low level RF  signals in a RF  probe. I have found 1N34As, 
1N2708, and 1N1499s model numbers for germanium diodes in 
Dallas where I buy miscellaneous parts. I went searching every- 
where for a Ge model for a diode and was not successful until 
Roy Lewallen, W'IEL, sent me one via email. Here is a simple 
program to generate the characteristic curve for a germanium 
diode using these model parameters for the 1N34A.. 

* T e s t  of Germanium Diode Model 

VIA I 0 DC I 
VTST I 2 DC 0 
Dl 2 0 1U34A 

I a h  used the model for the IN4148 silicon diode and it's 

by substituting the IN4148 values and reference for the 1N34A. 
I plotted the results of both calculations in Figure 2 but more 
than that I added some measurements taken with asimple setup 
a t  home. I have more work to do in this area to check the results 
and modify the values. I show them here in hopes that some of 
you can setup an accurate measurement facility to measure the 
same parameters. If you do so, please drop me a note or email 
to me what you find out. The parts that I used were from the 
spare parts bin and I'm not sure of their history, manufacturer, 
manufacturing dates, or if they were rejects. The issue here is 
to illustrate what the simulation will yield and that there may 
be a slight difference in the results versus real life and parts 
variations, but they are in the ballpark so to speak. 

Here is the device model for the IN4148 silicon diode for 
use in SPICE. 

Something else to consider about device modeling and cal- 
culations using any software. The software does not know at  
what point a real world device will self destruct. You can put a 

ten thousand volt battery across a five ohm resistor and get the 
mathematically correct results for Ohm's Law, but the power 
levels would be difficult to generate in the laboratory or on a 
workbench a t  home. So do be careful and read the manufac- 
turers power limitation data for the device and be sure not to 
exceed those values. I can show with SPICE or other software 
a one ampere current through a 1N34A with a certain applied 
voltage but we all know that a 1N34A will not be capable of 
handling that much current foi any length of time without being 
destroyed. 

Going back to the measurement of the voltage vs current 
curve for the diode, let me show you my simple circuit. 

I think the circuit is fairly obvious. But there is something 
that you must do in taking measurements. Measure both the 
battery or supply voltage and the voltage drop between points 1 
and 2 in the diagram. By subtracting the two voltages you have 
the voltage drop m o s s  the diode provided that yonr voltage 
meter has a very high resistance on the order of 10 Megohms 
or higher. Be very careful if you don't have a modern meter or 
you are using a meter with a low impendance on the order of 
20K ohms per volt. Your measurements will effect the cnrrent 
flow through the diode and the voltage drop across the diode 
will be in error. Do not measure the voltage drop across the 
diode by placing a voltmeter a c r w  it, as this too will give you 
significant errors in the measurements. Work out the details 
using Ohm's Law if you don't immediately see why this is true. 
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The purpose of the 470 ohm resistor is to insure that you 
and I don't allow the current to too large and destroy the diode. 
You can reduce the value to 300 or so ohms but this is up to 
you. Make sure that you don't exceed say 50 mA through the 
diode just to be on the safe side. 

Something that you may want to test now that you have 
two models for diodes is an RE probe. Look a t  its behaviour 
over a wide frequency range and amplitude for the input. There 
are two types of RE probe configurations, one being shown in 
the ARRL Handbook and a peak reading type RE probe. What 
is even more fun is to build each type of probe and then compare 
measurements (carefully controlled and made) with predicted 
values from the software simulation. 

So far we have seen how to use resistors, capacitors, iuduc- 
tors, and diodes in circuits. The next logical step is to model 
the transistor. I'll start out this session with just the bipolar 
junction transistor. A number of model parameters are used 
and exist for the 2N2222, 2N2222A, 2N2907, 2N3904, 2N3906, 
and many many more. But we will use these listed here most 
often. 

Here is a small SPICE program to generate the character- 
istic curves for the 2N2222A and Figure 3 shows the result of 
plotting the output from this program. Again note that there 
are some portions of the curve that if the voltage levels and 
current levels were physically applied the transistor would be 
permanently destroyed. 

* 
* 212222A characteristics 
* 
IB 0 I DC IMA 
VCE 2 0 DC 12V 
Ql 2 I 4 2N2222A 
VT 4 0 DC 0 

.DC VCE 0 10V O.2V IB 0 1MA 200UA 

Let me start you out with just a basic RF amplifier circuit 
typically found in many places such as IF amplifiers. This is 
one similar to ones found in many ham publications including 
the one found in Wes Hayward, W'IZOI, and Doug DeMaw's, 
WIFB, book Solid Stale Design for the Radio Amateurpub  
lished by the American Radio Relay League. This one from L.H. 
Fenical's book has been modified to reduce the power consump 
tiou level and still provide a good gain and bandwidth. You can 
make many tradeoffs in playing with resistor values and capaci- 
tor values. These tradeoffs being in overall gain and bandwidth 
and total power consumption by the amplifier itself. SPICE 
makes an excellent tool for both determining desired frequency 
response of a circuit and at the same time determine the power 
level required for the operation of the circuit. I have shown the 
values here and also show a value for C2 that is difficult to come 
by for a real circuit, but the resulting response curve shown as  
a solid curve in Figure 4 would be nice, but not very realistic. 

VIN 

The SPICE data file for the above circuit would look like 
the following. 

* Single Stage IF Amplifier using 2N2222A 

VCC I 0 12 
VAC 6 0 AC I 

* model parameters for a 2N2222A transistor R1 1 3 120K 
R2 3 0 22K 

.AC DEC 26 1 lE9 
After getting the models for the transistors that one t y p  .PLOT VAC V(6) 

ically finds in QRP literature you can now start modeling the 
fundamental circuits that yon find in the literature and in com- .model 212222A 1PN(Is=14.34f Xti=3 Eg=l. 11 
mercial rigs, both assembled and in kit form. + Vaf=74.03 Bf=266.9 Be=1.307 Ise=14.341 
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Sometimes I may forget and you will see some data files in 
SPICE with parts in lower case and some in upper case. Due to 
the history of SPICE and the fact that i t  started out in being 
written in FORTRAN, the data may be in either case and is 
not case sensitive and the data also follows the old card format 
style. 

One ofthe things that you may enjoy doing and what makes 
programs like SPICE so valuable is the ability to modify val- 
ues and almost immediately see the results. You may evaluate 
the design and the parameters of a circuit rather rapidly and 
without the tedious work of soldering and unsoldering parts to 
experiment. But you still must do some of this later in building 
the circuit that you think you are happy with and determining 
just how well you have modeled the final product. 

For the circuit above, you will note that C2 is not a prac- 
tical value for a bypass capacitor, so you can rerun the circnit 
through SPICE with a value of say 0.1pF. I have done just that, 
with all other values fixed, and the resulting curve is shown in 
Figure 4 and is the curve shown with the plus sign symbol. 
You may also want to examine factors such as inpnt and out- 
put coupling capacitors and load dependencies. Another thing 
that may be of interest is to examine the gain of the arcnit as 
a function of the resistor value for R4. Try values in the range 
of 900 ohms to 2K ohms and note the change in the gain and 
the bandwidth. All this not shown here to save space and leave 
some fun for you. 

In a number of the versions of SPICE that output graphi- 
cal information using either the X-interface on workstations or 
using the PC display and the mouse have the capability to have 
yon point and click on a point on the cnrve and the program 
will output the x- and y-values of the point. This is useful to 
find the 6-dB points and within a short period of time find the 
bandwidth of a circuit or filter. This sure beats the old fash- 
ioned method of plotting a large amount of data and then using 
the graph to determine the points. Computers have definitely 
spoiled us, but let us not remember that there still exists the 
other methods when a computer is not available. 

There are a number of other functions in SPICE that I 
would like to point out, show the results of a couple, but uu- 
fortunately due to limitations in space and time I will not be 
able to go into all the details. I t  is for this reason a t  the end 
of this article I have listed some reference books. The average 
page count per book is around 250 or more. If I am allowed 
8 pages per issue of the Quarterly, it would take 30 issues or 
seven years to cover all the material. So you can see than in two 
articles I'm obviously not going to cover enough material. But 
hopefully I have gotten your interest in investigating the possi- 

bility of using SPICE for some calculations and saving yourself 
some time and energy in experimenting with values in common 
circuits that you may be using. 

For voltage sources in SPICE there are additional options 
to specify in detail phase relationships, pulse function for tran- 
sient analysis, sine function, an exponential function for rise and 
fall times of a transient voltage, the ability to define a piece- 
wise linear function, and a single frequency FM function for 
transient analysis. I think that covers just abont anything you 
could or want to do in analysis. 

The pulse function is needed if you want to study d a t o r  
design. If you just input an d a t o r  circuit design into SPICE 
and do an analysis you will find i t  will not d a t e  without 
inducing a transient voltage into the circuit. After a transient 
pulse gets a pertubation going the circnit will begin to oscillate. 
I took a simple Colpitts oscillator circuit and using a voltage 
pulse to induce d a t i o n  and the transient statement to set 
time limits I was able to get the response shown in the figure 

With the transient pulse you can use SPICE to look a t  time 
delays in a transmission line. With the AC analysis yon may 
examine the power bandwidth of a transmiasion line balun for 
analysis a t  frequencies where the line is one-half wavelength long 
and frequencies above and below where the balun was designed 
to be used. 

SPICE allows you t o  do noise analysis with a noise control 
statement. This allows the program to simulate noise from re- 
sistors and semiconductors in the ch i t  and examine the effect 
a t  each frequency of AC analysis. This is useful in determining 
just how much noise may be expected in the design circuit just 
from the internal characteristics of the devices being used. 

With the noise analysis, distortion analysis, an additional 
Fourier analysis may be done in conjunction with the transient 
analysis to determine the first nine frequency components of a 

waveform. These means that you can look a t  the power spectra 
distribution of the fundamental fregueucy of analysis and the 
first eight harmonics and plot the results to determine what the 
harmonic content of the circuit. This is obviously useful in de- 
signing and checking cirnits to reduce as much as possible high 
order harmonics and produce the best circnit poasible for RF  
generation and amplification. We all want the cleanest signal 
poasible in all our equipment. 

One can do temperature analysis using the temperature 
control line. By default all circnit analysis done in SPICE is 
done a t  27 C unless the program has set another value. This 
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is useful to investigate the effects of resistance variation when 
temperature-dependent resistor parameters are specified. 

Although SPICE was originally designed to be used mainly 
for the design and fabrication of analog and digital integrated 
circuits it is indeed a useful tool for everyday type study of ama- 
teur circuits. Most radio amateurs rarely design an entire piece 
of equipment from scratch but borrow and modify and research 
existing circuits and designs in hopes of improving upon them 
and coming up with something that has additional features and 
performance parameters. I t  is our quest for the next level of 
performance from both receivers and transmitters that keeps 
ns plugging away at  new designs and circuits. SPICE allows in 
many ways to cut and paste circuits together in the computer 
before we take out the parts bin, the parts catalogs, and finally 
the soldering iron to physically construct what was previously 
only ideas on paper and ideas in the computer. 

Let me just list a small summary of the capabilities of 
SPICE and its derivative programs for your study. Maybe some- 
thing in this list will be of interest to you and cause you to start 
using SPICE just a little and see if it can help you find the cir- 
cuit that yon have been looking for. 

Resistors 

Capacitors 

Diodes 

Zener Diodes 

Independent Voltage Sources 

Independent Current Sources 

Voltage-Controlled Voltage Sources 

Current-Controlled Current Sources 

Voltage-Controlled Current Sources 

Current-Controlled Voltage Sources 

Bipolar Junction Transistors (BJTs) 

Junction Field-Effect 'Ikansistors (JFETs) 

Metal-Oxide Semiconductor Field-Effect Transistors 
(MOSFETs) 

Inductors 

Mutual Indnctance and Transformers 

Tkansmission Lines 

And with these capabilities yon may use SPICE to analyze 
any number of the following topics and circuits. 

Simple Ohms Law configurations too difficult or time con- 
suming to do by hand. 

RF probe analysis 

IF and RF amplifiers 

AF amplifiers 

Operational Amplifier Circuits 

Oscillators 

Crystal Filter Designs 

Mixer Circuits 

Bandpaas Filters, both low and high 

Power Amplifier Designs 

Multi-stage Amplifier Circuits 

Active Filter Circuits 

I know that most people are using PCs and without a math 
coprocessor these simnlation rons may take some time, but do 
be patient. Consider the amount of work the program is doing 
for you and you can appreciate the time i t  does take. 

I would like to list some books that are available for ad- 
ditional reading on SPICE, PSPICE, and other versions of the 
same basic program that started out as public domain software 
and has become a commercial product for many companies over 
the years. It is too difficult a task to compare the different books 
as they each have something that is new and unique and not 
found in other books and there is some overlap. They are listed 
in alphabetical order by author and hopefully you can find a 
copy at  your local public library. 

Walter Banehaf, Computer-Aided Circuit Analysis Using 
SPICE, (New Jersey: Prentic-Hall, Inc., 1989) 

J. Alvin Connelly and Pynng Choi, Macromodeling with 
SPICE, (New Jersey: Prentice-Hall, Inc., 1992) 

L.H. Fenical, PSpice - A 'i%torial, (New Jersey: Prentice-Hall, 
Inc., 1992) 

Ron Kielkowski, SPICE Practical Device Modeling, (New 
York: McGraw-Hill, Inc., 1995) 

Robert Lamey, The Illustrated Guide to  PSpice, (New York: 
Delmar Publishers Inc., 1995) Indudes Version 6 of PSpice on 
floppy disk. 

Franz Monssen, MicroSim PSpice with Circuit Analysis, 
(New Jersey: Prentice-Hall, Inc., 1998) 

Muhammad A. Rashid, SPICE For Circuits and Electronics 
Using PSPICE, (New Jersey: PrenticeHaU, Inc., 1995) 

Gordon W. Roberts and Adel S. Sedra, SPICE, Second Edi- 
tion, (New York: Oxford University Press, 1997) Thomas W. 
Thorpe, Computerized Circuit Analysis with SPICE, (New 
York: John Wiley k Sons, Inc., 1991) 

Paul W. Tuinenga, SPICE. A Guide to  Circuit Simulation 
€4 Analysis Using PSpice, (New Jersey: Prentice-Hall, Inc., 
1995) 
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