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EDITORIAL 

4 Winter 1 995 

The Armchair Homebrewer 

Forty years ago, the homebrewer's art to the technological advances waiting to be dis- 
involved a blend of skills and tools: chassis and covered using today's newest homebrew toys. 
metal working, some machinist work, a dose of But, open-minded amateurs-those who read 
electronics theory, and the latest QST or ARRL this magazine and are comfortable in the world 
Radio Amateurs' Handbook to guide one of computers-will probably be the standard- 
through the latest innovations in the amateur bearers promoting the techniques of current and 
arts. Borrow a circuit here, add one from there, future RF technology. 
and then cut and tweak away until it worked. We now have access to powerful CAD pro- 
And, don't forget a strong back; you needed grams that help us do everything from design- 
one to lift those bulky rack-mounted monsters ing panel layouts, to drawing schematics, to 
into place! creating pc board layouts. RF design programs 

Add a pinch of black magic. Radio was still have taken the pain out of circuit and filter 
an "art." Even the biggest manufacturers had design. With a few simple keystrokes, we can 
scores of technicians debugging circuits and alter what we see on the screen. and view how 
fine-tuning component values to reach the engi- the actual circuit will perform. If we are happy 
neered specifications. When electrical engi- with the results, all we need to do is enter a few 
neers confronted their mechanical counterparts, more keystrokes and our bubble jet printer will 
panel ergonomics usually conflicted with the produce the schematic and pc board transparen- 
practical layout. This often resulted in compli- cy. Drafting tape and donuts will become a 
cated (and costly!) arrays of gears, switches, thing of the past. (As a matter of fact, such 
and levels behind the front panel to mechani- things are becoming harder and harder to find 
cally interface the human element with the as electronics designers move to CAD.) Other 
electronics. software lets you own, on paper anyway, the 

Ah, nostalgia! Those of us who are old finest antenna farm conceived by man. No 
enough, fondly remember our first coveted antenna range or tedious trimming needed, 
Greenlee chassis punch. Now, we could knock these antennas do work as designed! 
out those octal tube socket mounting holes with Have I piqued your curiosity? Well, then, 
ease. No more tedious drilling and fine filing to tune in as Brad Thompson, AAl IP, author of 
make things fit. The ultimate goal was to have our new "Quarterly Computing" column takes 
a complete set of Greenlees, which would let us you on a tour of the American Radio Relay 
mount the smallest 7-pin socket or the largest League's new ARRL Radio Designer program. 
panel meter. Only those with the deepest pock- This reasonably priced software will provide 
ets could afford the costly square punches- those amateurs interested in learning computer- 
incredibly handy tools that would let you knock aided design a stepping-off place. But I'll let 
out clean rectangular holes for IF transformers Brad give you the details. 
and cable sockets with ease! So, stoke the fireplace, settle down in your 

I am a product of the "baby-boom" genera- favorite and to your 'Omput- 
tion. I'm old enough to remember with fond- er with a cup of hot cocoa and Communications 
ness the good old days of homebrewing (how Quarterly in hand-and enter the world of arm- 
time clouds the mind!) and young enough to chair homebrewing! 
appreciate the current level of technology. Peter Bertini, KlZ JH 
Given a choice-would YOU prefer the finest Senior Technical Editor 
Collins receiver made in 1955, or would YOU 

opt for the new Watkins Johnson HF- 1000? 
Honestly?" *If the truth be known, our Senior Technical 

What I'm leading up to-and the message Editor not only lusts after the newest, most 
I'm trying to convey is simple-as radio ama- technologically up-to-date equipment, he's also 
teurs, we have a choice. Some of US will bury an avid collector of antique radios. I think he 
our heads in the sand and live for the past. just might be faced with a bit of a dilemma 
Some will hold on to the old methods of build- here! 
ing and homebrewing, without giving a thought K A ~ S T C  
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from excessive current 8 continuous shorted output 
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VS-35M 25 15 7 35 5 X 11 X 11 29 
VS-5OM 37 22 10 50 6 X 13% X 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5% X 19 X 12'h 38 
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Colon C#nllnmmma ICS. SIz8 [IN) Sblpplal 
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LETTERS 
Automatic packet revisited 
As I was reading your editorial in the Summer 
1994 issue of Communications Quarterly I kept 
waiting for you to mention the alternative to 
having the first-forwarding station check the 
contents of each message. It never came. Just 
moaning about how hard it is and how the rules 
should be changed. The alternative, of course, 
is "verifying the originator's identity-authen- 
tication. This is a technical magazine, so let's 
get technical. 

You did get warm when you mentioned 
keeping lists of callsigns to delay. The problem 
with having a list of callsigns that you don't 
automatically forward from (or even a list of 
people that you know well enough to always 
forward automatically) is that someone can 
always sign on using somebody else's callsign 
and do whatever they please. 

An authentication mechanism could ensure 
that messages actually originated from a particu- 
lar station, rather than from an imposter. This 
would relieve the first-forwarding station from 
all responsibility for the content of messages 
sent through his or her BBS. It would also 
ensure that mail messages waiting to be read 
could not be read and/or deleted by a third party. 

I won't go into all the details of how an 
authentication mechanism could be put in 
place, but there are already some in commercial 
use to protect dial-in modem lines for unautho- 
rized use. Two schemes immediately come to 
mind; I'm sure there are others. 

1. Challenge-Response-When a packet user 
connects to a BBS the BBS offers a challenge, 
usually some rather large random number. The 
user takes the challenge and computes a 
response using a unique cryptographic algo- 
rithm and sends it back to the BBS. If the BBS 
verifies that it is the correct response for that 
particular challenge, the user's identity is 
authenticated and he or she is logged into the 
BBS. The algorithm (or more precisely the 
unique parameters of the algorithm) are decid- 
ed upon between the SYSOP and the user when 
a new user joins the BBS. This could be done 
in person to verify the person's identity (eg. 
show his or her license). 
2. One-Time Pad-This scheme is similar to 
the challenge-response method, except that 
when a new packet user joins a BBS he or she is 
given a printout of code words. These would 
generally be large randomly generated numbers. 
Whenever the user logs onto the BBS he or she 
would enter the first unused code word from the 
sheet and then scratch it off the list. The BBS 

would ensure that the code words for each user 
were used in sequence. If an invalid code word 
were given the user would not be authenticated 
and would not be allowed to log in. 

Either of these two schemes would be rela- 
tively easy to implement in BBS software. It 
could even be totally automated by using spe- 
cial software on the packet user's side. It would 
require some up-front time by the SYSOP to 
set up a new user of a BBS, but this is much 
easier than filtering every message by hand. 
And, it doesn't require a judgement call by the 
SYSOP as to whether or not a message com- 
plies with the rules! 

These schemes are not 100 percent perfect, 
however. Someone could break into a ham's 
home and run his or her software, although 
simple password protection on the computer 
itself could take care of that. 

It is possible that a user could log into a BBS 
and then someone with a higher-powered trans- 
mitter could take over the link and forge a mes- 
sage while the user is still logged in. To counter 
this attack, protocols could be developed that 
would authenticate every packet-but this 
would require that packet radio change 
significantly. 

I believe that implementing an authentication 
scheme when establishing a connection to a 
BBS would virtually eliminate the problems 
you were concerned with in your editorial. 
SYSOPs would be off the hook for the content 
of messages and would not need to review 
every single one. And, packet users would 
sleep better knowing that someone wasn't read- 
ing and sending messages while logged in 
using their callsign. 

You mentioned that BBS operators' interests 
are primarily technical. Well, let's solve this 
problem with a technical solution, rather than a 
political one. It can be done, and it's not that 
hard to do. 

Ross Wille, N6SJD 
Orem, Utah 

"Online" applause 
I picked up Communications Quarterly at 
Barnes and Noble a few weeks ago. Now that 
local bookstores are carrying a big variety of 
magazines, I get a chance to see what some of 
them are like. (I prefer the non-chains. It's too 
bad the local Swartz Bookstore doesn't carry it.) 

All the articles were good. 1 even ordered 
two back issues that an article had referenced. I 
think that I can use some material for a univer- 
sity course that I am teaching. 

The library at my full-time work could not 



When we talked to technicians about 
servicing radios, they told us they were 
too busy to talk 

Now the new HP 8920A RF Communi- 
cations Test Set solves test problems in 
less time, so you have more. 

Easy-to-use front panel 

Optional full-feature spectrum 
analyzer 

Rugged portable package 

Built-in computer with optional 
software for FM, cellular mobile 
and base station testing. 

Price $13,800 

Keeping you ahead in coxnmunications. 

For more information call: 1-02 and 
ask for Charlie or Ken. 
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find any library nearby that subscribed. Too 
bad. The closest one was in New Jersey. I bet, 
though, that some technical college depart- 
ments subscribe, and they aren't listed in the 
online catalogs. 

I will definitely buy the Quarterly again. 
Based on seeingjust one issue, I like the level 
of detail, and the tutorial character of the arti- 
cles. There seems to be some depth in basic 
theory so that I can really understand thc physi- 
cal principles. (That's the reason some of the 
articles may help my students.) 

AA9DA via America Online 

Communications Quarterly Goes "Online" 
Comrnrrtiiccrtio~r.r Qrrtirter!\' readers now have a 
direct electronic link to our magazine's authors 
and editors. A new "reader feedback" area has 
been set up on "America Online," (AOL) in 
which readers may ask questions and send let- 
ters to the editor. A Conrrnurrictrtions Qrrorterly 
representative will regularly read the mail, 
respond promptly to questions, and refer com- 
ments. suggestions, etc.. to the appropriate edi- 
tors, columnists, or authors. Reports of suh- 
scription problems will he forwarded to our 
Circulation Department. 

AOL members may find the Comttirrriictition.r 

Qrrarterly feedback area in the Ham Radio Club 
(keyword: Ham Radio) message center, under 
the heading "Manuf:icturers, Dealers. and 
Vendors." Look for the Cornrnrrriicotions 
Qrrorterly folder (along with those for our sister 
publications, CQ and I'oprrlrr Cor?rnrrtt~ic~atiotis. 
and for CQ Books and Videos). Readers who are 
nor AOL members may send e-mail to us via the 
Internet to N2WL@aol.com. 

This reader feedhack area is the first step in 
ongoing efforts by CQ Communications, Inc., 
to better serve its customers through an easily 
accessible online presence for Cotnnirmiccrtion.s 
Qucirterly and all of its other publications and 
products. We will keep you informed as we 
develop more online services for you, either on 
AOL, on other commercial services. or directly 
on the Internet. 

(A free trial membership in America Online, 
including software and I0 free hours, is avail- 
able by calling 1-800-827-6364.) 

Rich Moseson, NW2L 
Online Services Coordinator 

CQ Communications, Inc. 

Yorr cori now cilso coritocr rrs ~ * i o  GGrie. Orrr 
rncril address i s  CQ. Look.fir /lie CornrnQrrnrt 
area otr the rodio ro~t~idttihle. Ed. 
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Building and Using Baluns and Ununs 
Practical Designs for the Experimenter by Jerry Sevick, W2FMI 

Without question, Jerry Sevick, W2FMI, is the authority on transmission line 
transformertheory. Building and Using Baluns and Ununs is the definitive source 
for the latest practical information and designs. 

This book provides a unique opportunity to learn about the uses of baluns and 
ununs with dipoles, yagis, log periodics, beverages, antenna tuners, and countless 
other applications. 

Much has been published about the theory of transmission line matching circuits. 
Jerry Sevick has unraveled the technological mysteries with designs that are 
simple and work. Be sure to order your copy of Building and Using Baluns and 
Ununs right away! 

Lew McCoy on Antennas 
by Lew McCoy, WllCP 

It's not every day you get to meet a living legend, but CQ brings you one of the 
greatest! CQ magazine author and renowned authority on antenna theory and 
design, Lew McCoy, W1 ICP, has written a truly unique antenna book that's a 
must for every amateur. Unlike many technical publications, Lew presents his 
invaluable information in a casual, non-intimidating way. 

Antenna Matching & Transmatches & 
Standing Wave Ratio Antenna Tuning 
Understanding Decibels Rotary Dipoles 
Feedline Radiation Problems Multiband Rotary Beams & Quads 
VHF Antennas Multiband Mobile Antennas 

You'll also get countless examples and illustrations. Lew McCoy on Antennas- 
it's not just an antenna handbook, but a wealth of practical antenna advice. 

Order Toll Free 

800-853-9 79 7 
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CONNECTING 
COMPUTERS TO 
RADIOS 
Adding DDS frequency control 

N ew components are available that let 
you build a frequency generator based 
on direct digital synthesis (DDS) tech- 

niqucs with ease. The DDS circuit that I'll 
dcscribe here, together with a personal comput- 
er to control it, can add features such as high 
resolution digital displays, precise tuning, fre- 
quency storage memories, incremental offset 
tuning. and split frequency operation. to many 
radios that lack them. 

Direct digital synthesis was explained in an 
excellent article by Bryan Bergeron in 
Co~iit~~ut~ic.crtioti.s Qlrartrr!\.. As Rergeron stat- 
ed, the advantages of DDS frequency genera- 
tion include: high stability, low phase noise, 
fast frequency shifting, and a low component 
count implementation. Rccause the frequency 
and other properties of the output of a DDS cir- 
cuit are set using control words in digital form. 
i t  can be readily interfaced to i) computer. The 
computer can be equipped with software that 
provides a "virtual radio" user interface that 
replicates the familiar appearance of a radio on 
the computer screen, but has additional func- 
tionality obtainable only with computer control. 

This article will provide a brief summary of 
how DDS works, present a simple DDS circuit, 
and discuss a Microsoft Windows"' graphical 
user interface (GUI) for the circuit. A previous 
article2 described the hardware and software 
for a computer interface to a PLL-based VHF 
transceiver. the Ramsey FX-146. Here, 1'11 
build upon the techniques described in my ear- 
lier article, and in the Bergeron piece, to cover 
these topics. 

The circuit is a sine-wave frequency gcnera- 
tor that uses the Analog Devices AD7008 DDS 
modulator chip. I t  can produce any frequency 
up to approximately 15 MHz and is capable of 
sourcing several milliwatts into a 50-ohm load. 
Frequcncy resolution is about 0.0 I Hz 

i1 S acc11- although. in practice. the output sign I '  
racy. as well as its stability and phase noise. are 
limited by the characteristics of an on-board, 
crystal-hascd oscillator. You can use the DDS 
board as a gcncral-purpose signal source, or 
add i t  to a new or existing receiver and/or trans- 
mitter. Frequency control of a target radio is 
achieved by driving its transmit and receivc 
rnixcrs with the DDS output instead of the 
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Figure 1.  Sample DDS control panel. 

radio's existing local oscillator. This will be 
illustrated on a simple single-conversion, low- 
power HF CW transceiver, the "40-40," ably 
designed by Dave Benson, NNI G.3 The 40-40 
is representative of similar radios currently 
popular in the ham QRP community with 
which the DDS circuit can also be used.* The 
40-40 transceiver board and the DDS board fit 
into a 5 by 7 by 2-inch enclosure with room to 
spare, as seen in Photo A. 

The DDS board will generate some spurious 
signals. The strongest will be about 50 to 60 dB 
below the desired output signal. This meets 
spectral purity requirements for amateur radio 
transmissions. When used with a receiver, a 
few undesired signals-"birdiesm-may be 
heard. While this may not be acceptable in 
high-performance receivers, the problem 
shouldn't be objectionable when used with the 
kind of eauivment mentioned above. "S~urs" 

. I  

are largely a function of the resolution of the 
digital-to-analog converter (DAC) that consti- 
tutes the output stage of a DDS system. As suf- 
ficiently fast DACs with increased bit widths 
become available, this limitation should largely 
disappear for HF applications. 

The computer link is made through the 
machine's parallel port. Using a combination of 
hardware and software methods, the features 
previously mentioned: receive incremental tun- 
ing (RIT), transmit incremental tuning (XIT), 
split transmitlreceive frequency operation, and 
labeled memories, are implemented in a way I 
*Fol.exernplr, the technique $hould al\o he dppllcahlc 10 [he radn  dr\cnhed in 
"A Deluxe QRP Transcc!vel-." Co,,~,,!unic~fionr C)uc!rrc,ri\, W w e r  10Y4. pdge 

25.  

believe is more powerful and useful than what 
is provided on commercial radio transceivers. 

The graphical user interface combines the 
look of a standard Windows application with a 
representation of an actual radio front panel. I 
tried to make most control functions operable 
both with a pointing device. such as a mouse, to 
make it easy to learn, and from the keyboard. 
for speed. Physical radio panels often appear 
cluttered and confusing because of the need to 
cram so many functions onto them. In contrast. 
a virtual panel is dynamically configurable; that 
is, only the controls you currently need are dis- 
played. Figure 1 shows one of the many ways 
the DDS GUI can be made to appear. 

Direct digital synthesis-an intu- 
itive introduction 

In a recent QS~artic1e.j  I tried to illustrate 
how DDS works using a non-theoretical, intu- 
itlve approach. Enough people have told me 
they found it useful that I will summarize the 
explanation here. 

Unlike most other frequency generation 
methods, DDS is a digital process. The desired 
waveform is computed on-the-fly by digital 
hardware instead of being the result of the 
physical resonance of components like quartz 
crystals, inductor5 and capacitors. or mechani- 
cal resonators. The mechanism used by a DDS 
circuit to compute the output waveform is anal- 
ogous to the way the human mind would per- 
form the same task. In fact, it corresponds to 
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wmething you've probably already experi- 
enced. In your high school trigonometry class 
you may have been given an assignment like, 
"Draw one cycle of a sine wave." Ler.4 review 
how it's done. First, vou must decide how 
many points to plot to establish the curve. Let's 
plot, say, 20 equally separated points, corre- 
sponding to one every 360°120 = 18". You look 
up and plot the slne of the angle of the first 
point; then you add 18" and lookup and plot the 
next one until the cycle is completed; 1.e.. sin 
0" (= 0.00). \in 18" (=0.309), \in 36" (=0.588). 
etc. The rewlting familiar s~nusoid i 4  shown in 
Figure 2. 

In a real system, each cycle takes a specific 
time: the cycle period. Thus, a point on the x- 
axis represents both the phase angle and the 
time. The waveform's frequency is deterrnined 
by the time interval between the plotted points. 
continuing the example, if you could plot the 
points at a rate of one every I0 seconds, the 
cycle period would be 20 x I0 sec = 200 sec, 
corresponding to a frequency of 0,005 Hz. The 
interval between two adjacent points can be 
considered as either an absolute time value, or 
as the specific portion of a full cycle. Whether 
i t  is expressed as a fraction of ;I cycle (l/20), or 
as an angle (1 go), this value is the phase d i f i r -  
encr or phase irzcrement between the two 
points. The rate at which we were able to plot 
the points can be considered the input frequen- 
cy to our system. It should be clcar that the 
ratio of the input frequency to the o u t p ~ ~ t  fre- 
quency is equal to the number of points plotted 
per cycle (0.110.005 = 20). and, the number of 
points per cycle is the reciprocal of the phase 
difference, A@. Therefore, for a desired output 
frecluency, f,,,, and a fixed clock rate, fin, the 
required phase difference between points is: 

A DDS system performs a similar process 
using digital logic. Figure 3 is a block diagram 
of a DDS circuit. The time between points is 
determined by an oscillalor used as a system 
clock. At each clock tick. the phase difference, 
provided on the phase difference input lines, is 
added to the current phase angle and the sine of 
this new angle is computed. The circuitry that 
does this is: 

A digital adder-digital logic that adds two 
values: in this case the current phase angle in 
the phase accumulator plus the phase differ- 
cnce. The adder's oirtput is fed into the phase 
accu~n~~laior .  

The phase accumulator: an rz-bit binary reg- 
ister, that stores the current valuo of the phase 
angle. The value in the phase accumulator after 
each clock tick represents the phase angle of 
the point in the wave being synthesized. 

Phase angle (degrees) 

Figure 2. Sine wave from 20 plotted points. 

,4 read-only memory (ROM) that contains a 
lookup table of sine values. The output of the 
ROM is a series of values corresponding to the 
sine of the phase angles at each of the points. 

,4 digital-to-analog converter (DAC) to con- 
vert the binary representation of the waveform 
into ;i current or voltage. 

A low-pass filter to remove high frequency 
components from the output. 

Traditionally, angles are specified in degrees, 
gradients, or radians. For example, one quarter 
of a cycle is 90" or I00 grads or n12 radians. In 
DDS or other digital systems there is another 
way to describe angles such as the phase or 
phase difference. An tl-bit phase accumulator 
can store one of 2" possible values. If we repre- 
sent a full cycle as 211, then a fractional part of a 
cycle can be written as a fraction with 2" as the 
denominator. For instance, with an 8-bit phase 
accumulator, 2" equals 256; therefore a 90" 
angle, 114 of the cycle, is expressed as 641256. 
If we multiply both sides of Equation 1 by 2" 
we get: A@, = (foul / fin) * 2", where A@, is the 
numerator of the phase difference fraction. To 
program the DDS to generate an output one 
cluarter of the input frequency with an 8-bit 
phasc accumulator, you use 64,,, as the phase 
increment value. Our example was limited to 
plotting one cycle of a wave, 360". Because the 
waveform is periodic, if we had continued fur- 
ther, the only information we would need to 
calculate subsequent points is the phase angle 
relative to the start of the current cycle. We can 
subtract out any multiple of 360" from the 
phase angle before computing or looking up the 
sine. Using a register whose rnaxirnum value 
represents a fi~ll cycle does the same thing for 
us automatically; upon overflow, i t  just starts 
again at 0. like a clock does. Also. don't worry 
that i t  may not be possible to specify the 
desired f,,,,/f,, ratio exactly with a fraction 
whose denominator is 2". In available DDS 
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Figure 3. DDS system block diagram. 

n  / n/  

devices the number of bits in the phase accu- 
mulator register is large enough that the result- 
ing error is generally ignorably small. 

How small? For any desired frequency within 
the range of a particular DDS system there are 
two consecutive values for the phase difference, 
n and n+l. such that the frequency resulting 
from a phase difference of n is too low and the 
frequency resulting from n+l is too high (unless 
the correct frequency is generated exactly by n 
or n+l.) Therefore, the phase difference value 
can always be set to within one-half bit of the 
frequency. In other words, the maximum fre- 
quency error is less than one half the effect of a 

/ 
Phase Difference 

one-bit phase difference change. The frequency 
change that results if the phase difference is 
changed by one bit, the resolution of the system, 
can be derived from Equation 1. Since the 
smallest possible change is 1/2", the value of the 
least significant bit in the register is: 

/ 

or. 

Thus, the frequency resolution is dependent 
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on the size, n. of the phase accumulator regis- 
ter. Available DDS devices lypically have 
phase accumulators between 24 and 32 bits 
wide. As an example, with a 30-MHz system 
clock used as the input frequency, this corre- 
sponds to output frequency resolutions of 1.8 
Hz down to 0.007 Hz for these accumulator 
sizes. The maximum output frequency is limit- 
ed (by the Sampling Theorem) to one half the 
system clock frequency, fin. In practice, a value 
of approximately 0.35 to 0.4 fin is obtainable. 

Inside the AD7008 * 
What has made DDS systems practical in 

recent years has been the development of inte- 
grated circuits that incorporate much of the 
functionality represented in Figure 3 in a single 
chip. For this project, I'm using the Analog 
Devices AD7008. The AD7008 contains a 32-bit 
phase accumulator, a 10-bit DAC, a flexible 
interface for programming, and several addition- 
al ~ ~ s e f u l  features. Some of these can be seen in 
Figure 4. In Figure 3, a basic DDS circuit, the 
phase difference was input into the system on n 
binary signal lines and added directly to the 
phase accumulator value. In the AD7008, these 
lines are routed to and stored i n  one of two 
buffer registers, FREQO REG or FREQl REG. 
The register value used for the current phase dif- 
ference is determined by a multiplexer con- 
trolled by the device pin FSLLECT. Thus, you 
can store two frequencies in the chip and can 
switch between them almost instantaneously, 
without doing any additional programming. This 
is how offset and split frequency tuning are done 
in the board and control program described here. 
You could also use this feature to perform fre- 
quency-shift keying (FSK). 

The AD7008 makes it easy to add many 
forms of modulation to the output signal. Much 
of the circuitry to accomplish this is contained 
on the chip. To phase modulate, you load a 
stream of data representing a digitized form of 
the desired modulating signal into the register 
labeled PHASE REG. This data is summed 
with the output of the phase accumulator to 
form a phase modulated output signal. To per- 
form simple amplitude modulation, you load 
half of the IQMOD register (bits 9 0 )  with data 
representing the modulating signal, and an 
internal multiplier generates AM. If you simul- 
taneously feed the other half of the IQMOD 
register (bits 19: 10) with a digitized form of the 
same audio modulating signal, phase shifted by 
90", you get SSB. This quadrature component 
can be generated by a DSP chip by using a 

Hilbert transform. Frequency modulation (FM) 
is achieved by externally adding the modulat- 
ing signal to the phase difference value. Thus, 
with the AD7008, a DSP chip, and only a few 
other ICs, i t  should be possible to construct an 
all-mode radio with a minimum number of 
components. It's not surprising that the 
AD7008 contains features that are useful for 
building amateur radio equipment. The co- 
designer of the chip, Dr. Neil Weste, is a ham, 
AAI KR. Neil took an early prototype of the 
part, added an op amp, an AID converter and 
some standard CMOS logic and built a low- 
power AM transmitter. 

Currently, the AD7008 is available in two 
versions; one supporting a 20-MHz clock fre- 
quency, the other 50 MHz. It comes in a 44-pin 
PLCC package. 

Programming the AD7008 

The AD7008 contains a group of registers 
that you program to set the frequency and mod- 
ulation of the output, and control other func- 
tions on the chip. These registers are loaded 
through either a serial, or a parallel. interface 
mechanism. Using the serial interface involves 
clocking in data one bit at a time using the 
device pins SDATA and SCLK. The parallel 
interface transfers data in either 8 or 16 bit 
units using the chip's data bus and the Chip 
Select (CS-) and Write (WR-) pins. In either 
case data is stored temporarily, in a serial 
assembly register or a parallel assembly regis- 
ter, until the necessary number of bits to pro- 
gram a register have been received. The follow- 
ing are the programmable registers and the 
functions they control: 

FREQO REG and FREQl REG (32 bits 
each). Allows the user to specify the phase dif- 
ference values that determine two output fre- 
quencies. The maximum frequency is limited 
by the Sampling Theorem (see discussion). 

PHASE REG (12 bits). Specifies an offset to 
the phase of the output waveform; used for 
phase modulation. 

IQMOD (HIGH and LOW; 10 bits each). 
Specifies values used to amplitude modulate 
the output with the in-phase (I) and quadrature 
(Q) components, respectively, of a modulating 
signal. 

COMMAND REG (4 bits). Used to set four 
internal functions. The four bits are: 
CRO: 8-bit (0) or 16-bit (1 )  parallel data bus 
transfers 
CR I : Normal operation (0) or Low power 
"Sleep" mode ( I )  
CR2: AM enable (ON = I)-required to use the 
IQMOD register 
CR3: Synchronizing Logic Enabled (ON = 1 ). 



TC1 TCO 
0 0 
0 1 
1 0 
1 I 

Action 
Transfer Parallel Assembly Register to Command Register 
Transfer Parallel Assembly Register to FREQ, PHASE, or IQMOD register as 

determined by pins TC 1 arid TCO below 
Transfer Serial Assembly Register to FREQ, PHASE, or IQMOD register as 

determined by pins IC I and TCO below 

Destination register 
FREQO REG 
FREQl REG 
PHASE REG 
IQMOD (both halves) 

Table 1. Register operations controlled by the transfer control (TC) pins. 

These registers are loaded using one of the 
following: 

SERIAL ASSEMBLY REG (32 bits). 
PARALLEL ASSEMBLY REG (32 bits). 

Programming the AD7008 is a two-step 
process. First, either the serial or parallel assem- 
bly register is loaded, and then the data is trans- 
ferred from there into one of the control regis- 
ters. As an example, let's program the frequency 
using the eight-bit parallel interface to load the 
register FREQO REG. This is a 32-bit register, 
so four bytes of data are required. The most sig- 
nificant byte of the Phase Difference data is pre- 
sented at pins 0 7  to DO of the data bus and 
loaded into the parallel assembly register by 
asserting pin CS- and then WR-. The data bus 
data is latched in on the rising edge of WR-. 
This process is repeated with the next three 
bytes of phase difference data. The second step 
is to transfer the contents of the assembly regis- 
ter into a control register-in this case FREQO 
REG. This destination register is selected by 
setting the Transfer Control pins, TC3:TCO, to 
1000, and effecting the transfer with the LOAD 
pin. Table 1 describes the necessary pin states to 
accomplish all the possible register transfers. 

Computing the phase increment 
value 

As discussed, the value used as the phase dif- 
ference is: 

For this circujt n is 32, the size of the 
AD7008 phase accumulator, and the system 
clock is 50.0 MHz. To program the chip to gen- 
erate, say, I1 MHz: 

Therefore, the bytes "38" "5 1 "  "EB" "85". in 
that order, are loaded into the parallel assembly 
register using the lower eight bits of the data 
bus. Alternatively, the bit sequence "001 1 1000 
0101 0001 I 1  10 101 1 I000 0101" can be 
loaded into the serial assembly register. 

Connecting to the chip 
We've discussed the information needed to 

configure the AD7008. However, we still have 
to get this data from a computer to the chip. In 
the Ramsey article, I described three possible 
mechanisms to do this: though a computer's 
serial port, a parallel port, or by taking the data 
directly from the computer bus. For this project 
the computer's parallel port is used, but data is 
loaded with the chip's serial interface. Here's 
why. Ideally, we'd like to access the AD7008 
data bus plus another nine device pins: TC3, 
TC2, TCI, TCO, LOAD, CS-, WR-, SCLK, and 
SDATA. This would give us full flexibility to 
choose either of the interface formats and allow 
us to use all the chip's functions. 

Unfortunately, the parallel port only provides 
four control output This forces us to com- 
promise and give up some of the functionality of 
the AD7008 because there aren't enough port 
pins to control all the device pins needed for all 
of the functions. Using the chip's serial interface 
requires fewer control line5 than the parallel 
interface. I use the chip with pins TC3, TC2, 
WK-, and CS- hard-wired to +5 volts. Connect- 
ed this way, transfers can only be made from the 
Serial Assembly Register to either FREQO 
REG, FREQl REG, or PHASE REG. The 
ability to write to the Command Register or to 
use the parallel interface is lost. The Command 
Register is initialized to all zeros on power-on 
reset. The inability to change these bit settings 
prevents us from using the chip's "sleep" mode, 
or the IQMOD register. If you wanted to use 
these features, your best option would probably 
be to redesign the interface to connect to the 
computer through a bus interface card instead of 
the PC parallel port. 
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Supply: +V in 
12v 

@O. norn. l 5 A  GND 17brp5v 

1. Capacitors not marked are .O1 uF ceramic 
2. 0.9 uH inductors are 17T on T37-6 
3. Pin TCi may optionally be connected to data 

line SEL- to allow control of PHASE REG 

DB-25 (F) 
(to computer) 

(to radio) 

U l  - AD1008 
Unused pins 
D l  Dl5 (8 15, 19-26) 
TEST (40) 

U2 - SO MW Oscltlalor. 
Epwn SG 51KT type 

u3 - 7805, 
5 V regulator, 500 mA 

U4 - 74LS240 
Unused plns (3.17) 

AD7008 DDS Board 
H. Cahn, wb2cpu 

Figure 5. DDS circuit 12 Nov 94 

Figure 5. DDS circuit. 

The DDS board-design notes, 
construction and testing 

Figure 5 is the schematic of the DDS board, 
along with a parts list. Most of the circuit has 
already been explained. The voltage developed 
by the RC network connected to U1 pin 38 

asserts the RESET pin for several milliseconds 
when the board is powered. The reset function 
sets all the COMMAND REG bits (and all 
modulation registers) to zero. Since we don't 
have direct control of the COMMAND REG 
this is necessary to initialize the chip correctly. 
The FSELECT pin is normally at ground so the 
frequency stored in the FREQO REG will be 
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Register Cable pin tlD7008 
Bit name bit no. number pin name pin no. 

STB- O(contro1) 1 TCO 32 
AUTO- I (control) 14 LOAD 36 
INIT 2(control) 16 SCLK 4 1 
SEL- 3(control) 17 TC I 33 
DO O(data) 2 SDATA 42 

Table 2. Relationship between the signals in the control and data registers of the parallel port, the DB-25 connector 
pins, and the AD7008 input pin numbers. 

used by default. The line may be driven HIGH 
to switch to the frequency in FREQl REG. 
When used with the 40-40 board, this line is tied 
to the transceiver keying signal to switch 
between the frequencies needed for transmit and 
receive (LOW = receive). Buffering of the input 
lines to the board from the computer isn't strict- 
ly necessary, but was included because it was 
felt that TTL inputs would provide a more 
rugged interface than connecting directly to 
the 7008. 

The on-chip DAC has a current source out- 
put that can be used for either single-ended or 
differential output. The full-scale output current 
can be adjusted up to a maximum of 20 mA 
with the resistor connected to the FSADJUST 
pin. The series-coupling capacitor between the 
DAC and the output filter network will attenu- 

The board is connected to the computer's 
parallel port with a cable with male DB-25 con- 
nectors on each end. There is a potential 
"gotcha" involving the cable (at least it got 
me). Many of the preassembled cables you're 
likely to find with these connectors are for use 
with an RS-232 PC serial port. Unfortunately, 
these are unsuitable for this interface because 
they don't contain all the conductors needed. 
So, either hunt for a cable with all 25 conduc- 
tors, or, wire one yourself with just the pins 
required. Noise is a potential problem, so 
shielded cable is recommended. 

A PC parallel port consists of eight data 
lines, four output control lines, and five input 
status lines. The five status lines aren't used in 
thls application. A more complete description 
of PC ports was given in the Ramsey interface 

ate low frequencies. If you need to generate arricle already mentioned. Briefly, each of 
output in the low kHz range you will want to these pin g r o u p s d a t a ,  status, and control- 
increase the capacitance. corresponds to a (one byte) location in the PC's 

The output low-pass filter is a 5-pole 110 address space. When you read or write 
Chebychev realization with components select- these locations you read or write the parallel- 
ed for 0.1 dB passband ripple. The filter's cor- port lines corresponding to that group. These 
ner frequency of approximately I 1 MHz result- three parallel-port registers are always located 
ed somewhat arbitrarily from using standard 
capacitor values. The frequency can be scaled 
up or down as desired. 

The initial implementations of this circuit 
were breadboarded using a combination of 
wirewrap and soldered construction. I used a 
high-quality prototyping board with power and 
ground planes. Leads should be kept short and 
supplies well bypassed. This is particularly true 
for pins in the analog output section: COMP, 
VREF, VAA, and AGND. I couldn't find a 44-pin 
LCC socket with wirewrap pins, so I used one 

at consecutive addresses, most commonly start- 
ing at 378H ( ~ 8 8 8 , ~ ) .  Table 2 gives the rela- 
tionship between the signals in the control and 
data registers of the parallel port, the DB-25 
connector pins, and the AD7008 input pin num- 
bers. One other complication is that three of the 
control signals, AUTO-, SEL-, and STB-, are 
actually the inverse of what is written to the 
port. For example, if you write a "1" to bit 0, 
the signal STB-, cable pin I .  will be " 0 .  The 
inverters on these input lines compensate for 
this situation. 

with standard pc solder leads and soldered The disadvantage of using highly integrated 
wirewrap wire to them. At this writing, plans are components like the AD7008 is that, with so 
underway to have a printed circuit board made much contained within the chip. diagnosing 
for the circuit. Please see the notes at the end of problems can be difficult. If the circuit doesn't 
the article for infc3rniation about the availability work there are few visible clues to indicate 
of a board and a parts kit. 1 chose the AD7008 what's wrong. Two suggestions: first, check 
because of its performance and ease of use that the computer interface is working correct- 
(other devices require an external DAC). ly. Make sure you can set each signal line to 
Unfort~~nately, the 7008 is somewhat pricey, both HIGH and LOW states by measuring volt- 
about $50 each in single quantity. The chip is ages at the AD7008 socket. Try to set each line 
available from several national distributors. independently to make sure it's not shorted to 

Communications Quarterly 1 7 



' AD7008 DDS test program - H. Cahn, wb2cpu, 6 Oct 1994 

' Generates signals on a PC parallel port to  program the frequency of an 
' AD7008-based DDS board (using the '7008 serial interface). 

' Program for use with Microsoft QBASIC - may require modification for other 
' environments 
'__________________--------------------------------------------------- 
' Program parameters -- CHANGE TO CORRECT VALUES FOR YOUR SYSTEM 

' System clock frequency (Hz) -- change to  actual measured value 
clk& = 49999984 

' Locations (decimal values) in PC I/O address space for parallel port 
DataAdr = 888 
ControlAdr = DataAdr + 2 

' Assumes 7008 pin TC1 is connected LOW 
'__________________--------------------------------------------------- 
' Get frequency (string) and convert to number (long integer) 
INPUT "Enter frequency (Hz): ", freqS 
freq& = VAL(freq$) 

' Bit assignments for parallel port signals 
' Bit 7008 pin Value Register 
' ........................................ 
' 0 TCO I Control 
' 1 LOAD 2 Control 
' 2 SCLK 4 Control 
' 0 SDATA 1 Data 

' Figure out which bits get set for this frequency: 
' Each bit has the value of 'clocW2 A (32-11)' , where 'n' is bit #. 
' If bit value is less than the amount remaining in temp ; set the bit 
' and subtract the value. 

remain& = freq& 

' Shift out the bits to SDATA ... 
temp& = (clk& / (2 * (32 - i))) 
IF (remain& - (temp&) > 0) THEN 

PRINT remain&, temp&, "'I' - bit "; i 
OUT DataAdr, 1 

remain& = remain& - (temp&) 
ELSE 

PRINT remain&, temp&, "'0' - bit "; i 
OUT DataAdr, 0 

END IF 

' clock it out (SCLK) 
OUT ControlAdr, 4 
OUT ControlAdr, 0 

NEXT 

' Output zeros for last eight bits 
OUT DataAdr, 0 
FOR i = 7TOOSTEP-1 

OUT ControlAdr, 4 
OUT ControlAdr, 0 

NEXT 

' Load it into FREQ REG with pin LOAD 
OUT ControlAdr, 2 
OUT ControlAdr, 0 

PRINT STR$(freq& / 1 OOO!) 

Figure 6. DDS board test program. 
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Figure 7. "40-40" mixers and local oscillator (courtesy of Dave Benson, NNlC). 

an adjacent pin. Then, verify gross chip opera- mode. When operating norrnally the device 
tion by confirming that the voltage at the VREF draws about 150 mA. 
pin is about 1.27 volt. This reference voltage is To send data to the chip from the computer 
internally generated and is only present when YOLI can use QBASIC. included with recent ver- 
the device is not in its powered-down "sleep" sions of MS-DOS. Go to the "Immediate Mode" 



Figure 8. Display at program startup. 

window at the bottom of the main QBASIC 
screen. Commands typed there will be executed 
immediately after you hit EN'TER. Use the 
BASIC " O U T  statement to send data to an 
address in the machine's 110 ,iddress space. 
Assuming the port is at location 88810, the state- 
ments "OUT(888, data)" and "OUT(890, data)" 
output one byte to the data and control registers. 
respectively. (YOLI should verify the udclress of 
the parallel port (called "LPT:") in  YOLII. 

machine. Usually this is given in the stiutup 
messages when the computer is booted.) Once 
you've confirmed the link between the machine 
and the AD7008, you can use the BASIC pro- 
gram in Figure 6 t o  load frequency information 
into the DDS board. To keep it simple, the pro- 
gram is neither elegant nor bulletproof. The 
PRINT statements are just there to help you fig- 
ure out what's going on. You can remove them 
when they're no longer needed. You could 
expand this program to use as your interface for 
operating thc DDS board. I hope, however. 
you'll consider the more powerful GUI-based 
approach that I ' l l  describe later. 

Connecting the DDS board to 
the "40-40" transce ver* 

Figure 7 shows a portion of the 40-40 circuit 
that includes the VFO, the receiver mixer, and 

the transmitter mixer. The receiver mixer uses 
the 3-MHz VFO outp~lt to generate a 4.0-MHz 
IF fro111 40-meter input signals. The VFO is fed 
into the local oscillator (LO) port of the NE602 
mixer (UI) at pin 6 through a voltage divider 
consisting of C3 and C4. The exact level of this 
signal isn't very critical. Inside the 602 pin 6 
connects to the base of a transistor that's biased 
so any input greater than 200 mVp_,, will pro- 
vide adequate LO injection. The e x ~ s t ~ n g  40-40 
VFO supplies about 4 VPTP to the voltage 
divider. The DDS output 1s about 1 volt. I 
changed the value of C3 to maintain the origi- 
nal LO drive level to the mixer, but this proba- 
bly isn't necessary. 

Driving the transmitter mixer is a little more 
critical. Here the VFO signal is fed to the RF 
input (pin 2) of U5, another NE602. If the sig- 
nal level applied to this pin is too high, exces- 
sive distortion products will result. If the signal 
is too low there won't be enough gain in the 
transmitter's amplifier stages to produce the 
desired o ~ ~ t p ~ ~ t  power. The input to the 602 RF 
port should be below 2 5  dBm, about 75 mV 
into the 2 k impedance at this input. Capacitor 
C I I should be changed so the DDS board pro- 
duces this voltage. 

In the 40-40, the receiver 4-MHz beat fre- 
quency oscillator (BFO) and the transmitter 
mixer offset oscillator have been tuned to be 
a b o ~ ~ t  700 to 800 HZ apart to produce the 
desired receive-to-transmit frequency offset. 
The frequency of the VFO, therefore, is the 
same for- both receive and transmit functions. 



When the DDS board is substituted for the 
VFO, this frequency should be programmed 
into both FREQO REG (for receive) and 
FREQl REG (for transmit) when no incre- 
mental or split tuning is being used. RIT, XlT, 
or split frequency tuning can be accommodated 
by changing the values in these registers. 

I've assumed that you are modifying an 
existing 40-40 or similar transceiver. If you're 
starting from scratch you can take advantage of 
the fast frequency shifting property of the DDS 
board to simplify and improve the transceiver 
circuit. The 40-40 transmit mixer stage gener- 
ates the transmit frequency as the sum of the 
VFO frequency plus an oscillator at the IF fre- 
quency. Since it's just as easy to shift the DDS 
several MHz as it is to shift several hundred 
Hertz, the transmit frequency can be produced 
by simply shifting the DDS between transmit 
and receive frequencies-eliminating the need 
for this mixer stage. You just program the two 
AD7008 frequency registers with frequencies 
that differ by the receiver IF. For operation at 
7 100.0 kHz, for example, FREQO REG would 
be programmed to 3 100.0 kHz and FREQl 
REG to 7 100.0 kHz. Not only would this 
scheme remove a whole stage and its possible 
distortion products, but it would also remove 
the need for the input voltage divider-reduc- 
ing the gain requirements in the transmitter 
amplifier chain. 

Communications engineers and hams have 
spent much of this century perfecting radio 
equipment to allow us to reliably exchange 
information with distant places around the 
globe. Today there is another challenge, one 
that has been mostly ignored in the amateur 
radio literature: how to communicate informa- 
tion between the operator and the radio; that is, 
how to build equipment that is easier and more 
efficient to use. The appearance of a typical 
home-built radio hasn't changed much in 
decades. despite the significant changes in the 
technologies available. The front panel of com- 
mercial equipment looks more modern, but is 
often cluttered, confusing, and intlexible. The 
problem isn't limited to radios. Most of us have 
consumer products-TVs, digital clocks, or 
VCRs-that are frustratingly difficult or unin- 
tuitive to use. (Maybe someone can explain 
why my car has a lever you push jbrward to 
spray the rear windshield, and backward to 
spray the front.) 

The arrival of personal computers has led to 
an examination of these issues. There's certain- 
ly no unanimity of opinion about which com- 
puter programs and operating systems are the 
easiest to use, but a bvdy of hnowledge about 

Figure 9. Frequency entry dialog box. 

what constitutes good user-interface design is 
developing in the cornputer science communi- 
ty. While a discussion of this lnaterial is 
beyond the scope of this article, I would like to 
address the topic in the future if there is suffi- 
cient interest. For now, I'll just describe the 
user interface program I've come up with to 
control the DDS board and provide some refer- 
ence material for anyone interested in exploring 
the larger question f ~ r t h e r . ~ . ~  This design is just 
the start of a hoped-for dialog about user inter- 
faces for radio equipment. 

The DDS GUI 
The primary components of a graphical user 

interface are menus, keyboard accelerators 
(shortcut keys). controls, and dialog boxes. 
Pull-down menus are pretty familiar by now 
and operate similarly in all the popular GUI- 
biised operating system environments: MS- 
Windows, Macintosh, X-Windows, and OSl2. 
Menus provide an easy-to-learn method for 
accessing commands and are a way to hide 
fi~nctions not currently needed. They're easy to 
use because the functionality of a menu choice 
is i~sually evident from its name. In MS- 
Windows, additional descriptive text about a 
menu command can appear in a "status bar" at 
the bottom of the window. Navigating through 
levels of menus can be time consuming so, for 
widely-used commands, alternative, keyboard- 
based, selection methods are often provided. 
An accelerator key is a key or key combination 
that provides a faster way to invoke a menu 
function.*: "Controls" are additional visual ele- 
ments in the GUl provided to exchange infor- 
mation with the user. Commonly used controls 
are various kinds of buttons. labels, edit boxes, 
and list boxes. Dialog boxes are small (usually) 
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Figure 10. RIT tuning mode. 

windows that pop up for a specific task. Dialog 
boxes are themselves controls that contain 
other controls. 

Software is easiest to learn and use when it is 
based on familiar models. I tried to combine 
two paradigms: the Windows desktop environ- 
ment and the operation of a real radio front 
panel. It's always desirable to follow existing 
conventions and standards when designing 
something new. Unfortunately, sometimes 
there are conflicts between applicable stan- 
dards. This program was created loosely fol- 
lowing the Microsoft guidelines for Windows 
programs,7 together with some elements from 
existing amateur radio software-including the 
widely used contest logging program CT, by 
K l EA (a DOS program), and the Windows log- 
ging program WriteLog by W5XD. 

Basic tuning 

Tuning is the most important function the 
GUI must provide; replacing the knob that is, 
after all, the orlly way of changing the frequen- 
cy of a non-digital radio. A physical tuning 
knob has several definite advantages. It pro- 
vides visual and tactile feedback, is well adapt- 
ed to the hand for precise control, and is a good 

mechanism for translating a large, linear fre- 
quency space into a localized, rotational space. 
I've incorporated into the GUI panel several 
mechanisms to try to replace the functionality 
of the knob. I think they produce a way to tune 
the radio that's quite usable. At this point it 
may not match the knob in applications where 
the highest performance and operating efficien- 
cy are required, such as in competitive amateur 
contesting. I'm hoping that as we explore com- 
puterized user interfaces further we can eventu- 
ally come up with tools that are demonstrably 
as good as or better than a tuning knob. 

Two primary tuning mechanisms are includ- 
ed in the GUI, with a third to be added later. 
The simple display, shown in Figure 8, is seen 
on program startup. It consists of the standard 
Windows menu bar, a "text" control to display 
the current frequency, and a series of "push 
buttons" to increment or decrement the fre- 
quency. The buttons work like auto-repeat keys 
c;n an electric typewriter. If you hold cke of the 
push buttons down, the frequency continues to 
increment or decrement (at a user-selectable 
rate) until the button is released. As with most 
Windows controls, it's not necessary to use a 
pointing device to operate the buttons. You can 
get to the desired button with the TAB key and 
activate it with ENTER-although this can be - 
slow. A better way of setting the frequency 

Accclcr,ll,,r key, t ~ r c  ,,tlsll c,,nfu\cd W I I ~  ";lccc\, key \ -  I( YI,LI look :,I :I comuletelv from the kevboard is orovided with . . 

Window\ rnicnu or dlalop box. oltco on lcl1i.l i \  underlined io edch funct~,rn 

nilme Thl\  I\ thc ,lcceu key. Typing "All" plu\ that kcy WII I  ~nboke the l u n c ~  
the b t r l + ~  key combinlition. ~his 'brings up the 

twn Accc\\ key\ ale \low and arc u\oally only uwd whcn no p o ~ n t ~ n g  debtcc dialog box in  Figure 9. It takes the IlLlm- 

cni\t\. whereas accclclatol- kt.?\ .II~ LI\CLI tr,r la'ter accc\\ ber of keystrokes to use as a pure "command- 
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line" approach would. To enter a particular fre- 
quency you type: "Ctrl+F" (invokes the dialog 
box), "7047.5" (the frequency appears in the 
dialog's "edit box"), and ENTER (the dialog 
box disappears and the new frequency is shown 
in the main display control). An additional ben- 
efit of this approach is that the edit box is part 
of a "list box" that stores the last several fre- 
quencies entered into it for later recall. The tun- 
ing method I plan to add uses only the cursor 
arrow keys. You can assign these key pairs to 
incrementldecrement the frequency. For 
instance, you might have the right and left 
arrows control the frequency in 0.1 kHz steps 
and the up and down arrows producing I .O kHz 
changes. Alternatively, you could use an arrow 
pair to switch between frequency ranges, 
bands, or to select from the memorized fre- 
quency lists described below. 

Advanced tuning-RIT,XIT, split 
frequencies 

The AD7008 can switch almost instanta- 
neously between the two frequencies that have 
been programmed into the FREQ REQ regis- 
ters. This is the basis for several forms of offset 
tuning: receiver incremental tuning (RIT), 
transmitter incremental tuning (XIT), and pure 
split frequency operation. The screens that 
allow you to control these modes are shown in 
Figure 10 for RIT and Figure 11 for split fre- 
quency operation (the similar screen for XIT 

can be seen in Figure 1). As with most other 
DDS GUI functions. you can select one of 
these modes either through a menu selection or 
with a Ctrl key + letter key accelerator. In the 
incremental tuning modes, you'll notice a slider 
control to adjust the offset. For split operation, 
the main frequency readout displays the receiv- 
er frequency and a smaller text box appears 
above it for the transmit frequency. You can 
bypass the mouse completely with some addi- 
tional accelerator keys. There are key assign- 
ments to bring up dialog boxes that change the 
RIT or XIT value, or, change one of the com- 
ponents of the split frequency pair. Two addi- 
tional buttons were added to aid incremental 
tuning. The "Zero" button provides a quick 
means of zeroing out the offset slider control. 
Sxmilarly, the "LIZ" button first loads the cur- 
rent frequency (the main display plus the off- 
set) into the main display, and then resets the 
offset slider and offset readout to zero. 

Memory 

I've never been able to figure out the value 
of radios that have, say, 100 memory locations 
that are accessed by number. It seems to me 
that it just complicates things to have to either 
remember that memory location "67" contains 
" 14.260 MHz," or have to scroll through the 
whole memory to find the frequency. A com- 
puter-controlled memory system, on the other 
hand, can add memory features that are truly 

File Settings Memory Options Yiew Help - 
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Figure 11. Split frequency mode. 
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Figure 12. "Tag" memory controls. 

useful. 1 provide two mechanisms for recalling 
previously stored frequency information; one, I 
call "tag" memory, and the other "scratch pad" 
memory. Both are primarily accessed using a 
pointing device, but keyboard access is provid- 
ed for some operations where speed is desirable 
or when no pointing device ih available. 

Tag memory is typically used for long-term 
storage of things like net frequencies (XYZ 
Traffic Net. 3.892 MHz), the station you talk to 
every Tuesday morning (K I EA. 14.002). or 
standard calling frequencies (QRP-40M. 7.040). 
To add to your list. invoke the screen shown in 
Figure 12 from the menu or use CtrI+T. You 
enter the text (the "tag") you want associated 
with the frequency in the edit box at the top of 
the dialog box. When you click on the "Add" 
button the name is added to the tag list and com- 
plete configuration information (frequency, off- 
set, program mode, etc.) is stored with it. Recall 
information either by selecting an item in the tag 
list box and clicking on the "Ciet" button, or, 
with the key sequence Ctrl+G, "tag name," 
ENTER. Only as much of the tag name to make 
it  distinguishable from the other list items need 
be entered. Tag memory information is saved 
between program sessions. 

The other form of memory provided is meant 
for short term storage-say, you're tuning 
around a band and want to make note of sta- 
tions or frequencies to come back to later. 
Scratch pad memory is mean1 to be used 
instead of writing the information on a slip of 

paper. The scratch pad dialog box is shown in 
Figure 13. There are four slots for stored fre- 
quencies. If you just want to record the fre- 
quency, click on the "Store" button of the 
desired slot. If you want to save additional 
information there is a line at the top of the box 
resembling a line from a log book where you 
can type in this data. When you click on one of 
the four "Recall" boxes, the corresponding 
stored frequency is loaded into the display and 
sent to the radio. Scratch pad information is not 
saved between program sessions. 

Prog ra rn configuration 

The program lets you supply information 
needed to work with your specific radio: the 
receiver IF freauencv. the exact DDS clock fre- . d 

quency, band definitions, etc. Also, you can 
specify other operating parameters like the 
repeat rate of the increment and decrement 
push buttons and the arrow cursor key assign- 
ments mentioned above. These are all set with 
menu choices in  the "Options" sub-menu. It 
would be tedious to have to reenter all this 
information every time you started the pro- 
gram. To avoid this the program stores the data 
in a file using a method called Lsrrializatiorz, the 
mechanism used by most Windows programs 
to store configuration data. In the Windows 
directory structure you may have noticed many 
".ini" files. These contain the serialized data 



from Windows programs you have installed on 
your system. Using this program will automati- 
cally create and maintain the file "vir-tun.inim. 

The programming environment 

I've described the functions provided by the 
user interface without saying anything so far 
about how to create it. There are several 
approaches to programming Windows GUls. 
The techniques can be grouped in a three-level 
hierarchy ranging from most powerful and dif- 
ficult to the easiest but most limited. In the first 
category is a method of programming that 
requires low-level function calls directly to the 
operating system to control all aspects of creat- 
ing and maintaining the displays. This is typi- 
cally done using the languages C or C++ with 
the Microsoft System Developer's Kit, so it's 
often referred to as SDK-style programming. 
At the next level up, the functionality needed to 
create the displays is encapsulated into C/LI.FSC~.S. 

the basic components of object-orierlrc~cl pro- 
gramming. Classes are supplied by compiler 
providers in class libraries such as Borland's 
Object Workbench Library (OWL) or 
Microsoft Foundation Classes (MFC). Classes 
are used within an object-oriented language 
such as C++. Finally, there are tools that auto- 
mate the process of building GUI-based appli- 
cations, simplifying programming even further. 
Microsoft's Visual Basic is probably the most 
popular example in this group. Someone who 
has done some programming might find it takes 
months to learn SDK programming, weeks to 
learn to use class libraries. and days, or even 
hours to use the higher-level tools. The level of 
program complexity that can be supported, as 
well as the degree of control you have over the 
environment. generally goes down as you move 
up the methodological hierarchy. In the 
Ramsey article, I described programming in 
Visual Basic. This interface was done in Visual 
C++ using MFC. Because the number of read- 
ers who are likely to want to recreate the pro- 
gram uting these exact tools i s  probably small. 
I won't provide listings here. My source code is 
available for anyone interested. 

Summary 

DDS is already a powerful technology that 
will become even more so as DAC clock 
speeds and resolutions increase and chip costs 
come down. Devices with sample rates greater 
than 50 MSPS and with 14-plus bits of output 
resolution probably already exist in some man- 
ufacturer's lab. When they become commer- 
cially available the remaining arguments 
against DDS as the method of choice for HF 
frequency generation should be eliminated. 

Call # P Ck Sac 
WSXD 784 B 71 STX ------------ ------- --- ----- ------ 

S T 0  FREQ REC 

Figure 13. "Scratch Pad" memory dialog box. 

This article tried to expand on ideas presented 
by previous writers in  Corn~nunicarions 
(2uartrr/v: Rick Littlefield on digitally adjusted 
components and Bryan Bergeron on computer- 
controlled "virtual instri1ments".8.~ I have talked 
about what I think are the advantages of these " 
npproache~.'~) The project was an attempt to lay 
the fooundation for building radios based on these 
techniques. The design of the DDS graphical 
user interface continues to evolve. As I use it, I 
realize how something could be done in a better 
way, or I think of a new feature that would be 
useful. The ultimate goal is a radio that offers - 
cost. ease-of-use, performance, and operating 
efficiency advantages over existing equipment. I 
have several projects in the works along these 
lines. One uses a commercial "SoundBlaster"lM- 
type board to provide DSP audio filtering and 
sideband generation: another replaces the "30- 
40" board with a radio core that achieves greater 
performance and simplicity by using more inte- 
grated components. This project has reinforced 
my belief that computer-controlled radios using 
these new devices make it feasible for hams to 
t~uild equipment comparable to or better than 
what is available commercially. 
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Conventions used 

Three different number systems, decimal, 
hexadecimal, and binary are used in this article. 



A hexadecimal number ends with an uppcr- 
case 'H' and a binary number consists of only 
Is and 0s. All other numbers, or numbers with 
the subscript ",{ are decimal. An "*" within 
formulae indicates multiplication. 

Digital signal or pin names are in irn1ic.s: a 
trailing underscore ("-") indicates that the 
named signal function is active when in the 
LOW state. For example, the TTL signal 
"RESET-" will perform the reset function when 
driven to zero volts. Names of variables are in 
hold type. Register names are BOLD CAPI- 
TALIZED. 

"PC" denotes an IRM-compatible computer 
and "pc" is a printed circuit board: although 
these abbreviations may not he "politically 
correct ." 

Addendum 

At press time. the author was working on a 
source for pc boards. Check with Howie about 

the possibility of a board and/or parts kit. A 
disk containing an executable version of the 
program described (requires MS-Windows) 
together with Visual C++ source code is avail- 
able for S5.-Ed. 
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BEYOND 
THE Z-MATCH 
The IBZ Coupler 

T he hunt continues for an ideal "antenna 
tuner" or, more accurately, an antenna 
system tuning unit (a.s.t.u.). Both Bill 

Orr, W6SA1, and I have recently reported on 
new versions of the Z-match coupler, which 
dates back to the 1950s and uses a multiband 
tank circuit to cover 80 through 10 
Here I offer another im~rovehent-one that 
draws on two classic designs to produce the 
improved balanced-Z match or "IBZ Coupler." 

The need to press on arises from a weakness 
that the Z-match shares with the more common 
approach of using an input or output balun in 
conjunction with a single-ended network (such 
as the popular T-match). These designs all pro- 
vide balanced output-but only within limits. 
When the feedpoint impedance seen at the 
tuner's "balanced" output terminals exceeds 
several hundred ohms, current imbalance on 
the feedline begins tc appear. When the imped- 
ance at the tuner reaches several thousand 
ohms, the imbalance may become serious, with 
significant results. Also, with highly efficient 
antenna systems using open-wire or ladder line 
(like the multiband "center-fed Zepp"), high 
impedances do occur at the tuner under some 
conditions. 

Although the extent of the current imbalance 
depends on the tuner's design and construction, 
along with the frequency of operation, imbal- 
ance Droves unavoidable with the Z-match cir- 
cuit and with single-ended networks using 
baluns. The current on one side of the feeder 
may be 50 percent higher than on the other 
side-approximately a 3.5 dB difference, 
assuming the load on each side is equal. 
Occasionally, the difference is greater. (For a 
fuller assessment, see the appendix on 
"A.S.T.U. Output Imbalance.") 

While the practical significance of such feed- 

CIA - C ID : 4 SECTION VARIABLE CAP 

Figure 1. Single-ended and balanced multiband tank cir- 
cuits. (A) Single-ended tank circuit, simultaneously tuned 
through two ranges (see Heferet1c.e 5) .  (B) Balanced tank cir- 
cuit, simultaneously tuned through two ranges. 
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Figure 2. The IBZ Coupler. 
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days,3.4 and eliminates the weaknesses of each. 
As every ham knows-or should know-the 
"old-fashioned" link-coupled tuner offers the 
best approach to feeding balanced line. Its 
drawback is inconvenience due to a need for 
coil changing, bandswitching, and/or tap 
changing. The remedy is to replace its tank cir- 
cuit with a balanced version of the multiband 
circuit that constitutes the heart of Z-match. 
The result is the IBZ Coupler, which provides 
convenience of operation and good feedline 
balance-even at high impedances. With mini- 
mal switching,.the IBZ Coupler also allows 
coaxial output and is as tlexible as the T-match 
and its cousins. 

For background on the IBZ design, refer to 
Figure 1A. It shows how a single inductor may 
be tuned simultaneously through two ranges, 
with a parallel resonant circuit appearing 
between terminals "a" and ''b.""n Figure lB,  
the single-ended circuit has been modified into 
a balanced version. Besides providing the basis 
for balanced output, this version has an impor- 
tant advantage from the standpoint of a.s.t.u. 
design. It has a lower C/L ratio than the single- 
ended version, and hence is less susceptible to 
losses from high circulating currents in the 
resulting tank circuit (another problem with the 
Z-match). With the appropriate component val- 
ues, the circuit will simultaneously cover ap- 
proximately 3.5 to 12 MHz and 10 to 40 MHz. 

In Figure 2, the multiband tank circuit of 
Figure 1B replaces the link-coupled a.s.t.u.'s 
usual tapped-coil bandswitching. As a result, 
band switching is accomplished by tuning C2 
through its full range. which simultaneously 
tunes the multiband circuit from 80 through 30 
meters and 30 through 10 meters. (In practice, 
the 30-meter band appears at either the high or 
low capacitance end of C2, or at both ends, 
depending on the reactance reflected from the 
feedline into the tuner.) The extended high-end 
frequency range of the circuit allows easy 
matching on 10 meters in the presence of 
unpredictable reactances. The coil taps in 
Figure 2, along with switch S3 are not for 
bandswitching, but instead provide a choice of 
high and low impedance outputs. Residual 
reactance is tuned out with C1 .  

The balun in the input circuit ( T I )  is a 1 : 1 
current balun consisting of I0 turns of RG- 174 
on an FT- 140-6 1 ferrite core. Unlike a balun on 
the input side of a single-ended a.s.t.u. (such as 
a conventional L-network or a T- network), a 
balun at this point does not also appear as a 
reactance between one side of the output and 
ground. Here the balun really is in a place for 
which it is designed. True, the standard link- 
coupled a.t.s.u. does not have an input balun. 
Tests indicate, however, that including the 
balun improves outp~lt balance under some 

Parts List 

350 pF  or higher per section, "broadcast" 
variable (see text and footnote on switching). 
20-500 pF per section, 4 section (Fair Radio 
Sales no. 4G-535). 
4 turns #18 or #20 enameled on T-225-6 
core, close-wound between two halves of L2. 
28 turns #14 copper or tinned, 14 turns on 
each side of L,. Tapped at l , 4 ,  and 7 turns 
each side of center. 
3 pole, 4 position ceramic rotary. 
See text and footnote on switching. 
2 pole, 4 position ceramic rotary. 
1 : 1 balun (see text). 

conditions, even in a balanced design like this 
one. (In fact, anyone with a standard link-cou- 
pled tuner might consider including an input 
balun to improve overall balance.) 

Regarding the switching arrangements, S 
allows both coax and balanced output. as well 
as tuner-bypass operation. Single-wire feed is 
accommodated by using either side of the bal- 
anced output. A more elaborate switching 
arrangement at S ,  would allow additional out- 
put options (such as two tuner-or-bypass coax 
ports, two balanced-feed ports, and/or a sepa- 
rate output for single-wire feed). 

Alternatively, if you don't want the option 
for coax output, you may omit S 1  and the asso- 
ciated circuitry. The result would be a "dedicat- 
ed" tuner for balanced output. In this instance, 
the frame of C2 may be left "floating" above 
ground, because there is no need to provide a 
ground-return circuit for coax and single-wire 
output. (However, tests show that grounding 
the frame of C2 provides somewhat better out- 
put balance at high impedances when the load 
itselfis well-balanced. If the load is somewhat 
unbalanced to ground, better output-current 
balance results when the frame "floats.") 

Switch S2 provides the additional capaci- 
tance at C I often needed on the lower frequen- 
cy bands. The switching arrangement at S2 may 
be varied as required by the capacitance and 
number of sections available in C I .  It should 
allow one section of C ,  to be used alone when 
necessary for low minimum capacitance, along 
with the option of switching in additional sec- 
tions and/or padding capacitors, for a maximum 
capacitance of 1200 pF.* 
'POI rxamplc. i f  y o u  ;ue i ~ n u n n t c  cnouph (a\ I wa\j  la i ind a twij-\eelion 

c;lp;sltor with 600 pF pel- \cctlon lor CI. the mo\t \u~lahle al-rilngcinent 15 la 

u\c n d.p d t \w~tch  fi,t S 2 .  wlrtnp it ti, \witch the t w r ~  \ectionr of CI Imm 
\erlr\ to parallel Wlth the \crtcs srnlnp. the maximum capecitancc becomes 

300 pP. ;,nil the m!nlmum c;tpaclvencc i \  \~gn i l~can l ly  I r \ r  than allowed by onc 

\CL.II,,II ;,lone Th15 15 \ometlnlc\ u\ciul (rn Ihe highcr h;mcl\. I f  CI has thrce or 
murr ie~.t~,ns. then ;I th~cc-pole, douhle-throw \wltoh can he urr i l  to change 

hclsrcn l u o  nl i t \  \cctlon\ ~n \crfc\ and .dl thc \cclu,n\ ~n parallel. (In rlther 
c.l\r.. \IOIIIIIF OLII lhr iq>popl.iatc wlllng I\ gcnd ln~rtll~l TIUTL.I\~ ) 
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l'hoto 1%. 'l'lir \;~ri;~l)lc c;~p;~citor\ ;tnd l . 1  arc ti1011nti~1 oli ;I \III)-  
chassis of l'lexiglassl". 

Switch S3 selects either high or low imped- 
ance outputi. Position 4 is the highest impccl- 
ance output on the multihnnd circuit's low-fre- 
quency range, and position 3 is the high imped- 
ance output on the high-frequency range. As 
explained above. S3 is tiof a bandswitch. 
"Randswitching" is accomplished using C7. 

As for component selection, C I  is a "broad- 
cast"-type variable with two or more sections. 
Because C I  is in a low impedance circuit. its 
plate spacing is not critical. but adequate rotor 
wiper contacts are important. Capacitor C-, is a 
four-section unit that is available on the surplus 
market and often shows up at swap meets." 
(The same type of capacitor may also be used 
for C I  by employing three of its sections."") 
Because of the high RF voltages in the multi- 
hand tank circuit. C2.s plate spacing sets the 
tuner's power-handling limit. 

Switches S I  and ST should be ceramic rotary 
units. For S2. which IS at a low-voltage point, 
it's okay to use phenolic or plastic insul~~t' lon or 

casing. (1 find that a small toggle switch is ade- 
quate at the 50-watt level.) 

Construction and operation 

Construction details aren't critical. but leads 
should he kept short. Where this is difficult 
owing to layout, copper strap or shield taken 
from coaxial cable should be used for low- 
inductance leads ~t ' i t l l i r r  the multiband circuit as 
well as between the balunIS, and link coil LI .  
In the interest of balance on the higher frequen- 
cies. parts placement should allow approxi- 
mately equal-length leads on each side of the 
output of the multiband circuit. 

A vernier drive is usefill for C-,. the four-sec- 
tion capacitor, because tuning can he sharp. For 
the inductors on the T-235-6 powdered-iron 
toroid. LI is wound first. and then one half of 
L-, is wound on each side of LI .  Leave about 
118 inch as the minimum spacing between the 
outside turns of L1 and the insitlc turns of L2. 
(Care i n  this regard helps output balance on the 
higher frequencies.) Space the ti~rns of L-, so 
they are about a wire diameter apart on the 
inside of the toroid. in order to lcave a spacing 
of about 314 inch between the opposing ends of 
L,. Because the core is noncontlucting. insulat- 
ed wire is not required for L-,. and either hare or 
tinned copper wire is suitable. In the interest of 
low loss in the tank circuit. Figure 2 specifies 
no. 14 wire for L-,. but the diffkrcnce in practice 
will be slight if  no. 16 is used. and no. It, is 
much easier to wind on the core. ( I f  no. 16 is 
used. the turns spacing will be greater than a 
wire diameter.) If the switch used for S3 has 
five or six positions per pole. rather thnn the 
four that are specified. use the extra positions 
for more taps on L-,. This will provide addition- 
al mid-range impedance options. In any event, 
retain the taps at seven turns each side of center 
that each go to a section of C-,, as well as to S3. 
For TI .  the input balun, strip the outer insulat- 
ing cover from the RG- 174. and space the 10 
turns so they do not short. (The FT-140-hl fer- 
rite core itself is nonconductive.) 

In the unit shown in Photos A and R, the 
variable capacitors and T I  are mounted on a 
subchassis of 114-inch Plcxiglas'~~. The sub- 
chassis, in turn. is mounted on short spacers 
inside the top of the bottom-opening c* ,I b' met. 
The cahinet, which I found at a swap meet. 
measures 4- IR" H x 9" W x 8" D. (A slightly 
larger cahinet would allow for less crowdctl 
construction.) The toroid for LI/L2 is not 
mounted on the subchassis as its short. heavy 
leads to C-, make it self-supporting. The unit. as 
pictured, has :~dtlition;ll output options at S ,  (as 
suggested above) and includes a built-in SWR 
hriclge for operating convenience. The meter 
came from an old Heathkit SWR bridge and. 



like the cabinet itself, went through several ear- 
lier iterations. 

To adjust the IBZ Coupler, set the input 
capacitor at midpoint and peak the multiband 
tank circuit on receiver noise. Then apply low 
power and adjust the input and tuning capaci- 
tors to obtain an SWR of 1:l between the IBZ 
Coupler and the rig. Interaction may occur 
between the adjustment of the input capacitor 
and the tuning capacitor. If a low SWR (1.5: 1 
or less) proves impossible to obtain with the 
impedance switch set on the high impedance 
position (position 4 for the low-range bands, 
position 3 for the high-range bands), use a 
lower impedance position. For greatest effi- 
ciency, select the highest impedance tap that 
produces a match; however, do not use position 
4 on the high bands (from 30 meters at the 
high-capacitance end of C2 on through 10 
meters). If it's possible to tune 30 meters at 
both the low and high-capacitance ends of C2. 
use the low-capacitance setting for maximum 
efficiency. After the appropriate settings are 
logged, band switching is quick and easy. 

I've used the IBZ Coupler with good results 
on several antennas, and the Zuni Loop QRP 
group has put it through its paces on three sue- 
cessive Field Days-with great success. The 
moral of the story is that you need not sacrifice 
versatility and performance to properly feed 
coaxial cable and balanced lines. 
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Appendix: A.S.T.U. Output 
Imbalance 

Experiments with both Z-matches and more 
common tuner designs using baluns show that 
substantial output imbalance results when the 
a.s.t.u. sees a high output impedance. The 
impedance level at which the imbalance 
becomes significant depends on the tuner and 
may be anywhere from several hundred ohms 
up to a thousand or several thousand ohms. 
Such impedance levels at the tuner's output can 
easily occur in commonly used balanced-feed 
antenna systems. This appendix briefly 
explains the sources of the problem and how to 
check tuner output performance. 

With the Z-match, the main culprit is capaci- 
tive coupling between the single-ended tank 

*---- 
TO o.s.t.u. TO a.s.t.u. 
BALANCED GROUND LUG 
OUTPUT 

*-------- 
TERMINALS 2. 

# a 8  

R1 .R2 : 1/2 OR 1 WATT CARBON RESISTORS (SEE TEXT)  
R 1 =  R 2 ,  FOR SIMULATING A BALANCED 
ANTENNA OVER GROUND 

R l + R q  = IMPEDANCE AT BALANCED OUTPUT 
TERMINALS OF THE 0.s.t.u. 

VI ,V2 : SEE T E X T  

Figure 3. Antenna system simulator (see appendix). 

circuit and output link. This is especially a 
problem when the link is wound directly over 
the tank coil rather than spaced concentrically 
away from the coil either inside or outside of it 
by 114 inch, or so. 

Regarding the T-network, which is today's 
most common matching network in commercial 
and homebrew designs, the problem comes 
from use of a balun in circumstances for which 
it is not suited. The same is true for the L-net- 
work and the SPC match. In each of these sin- 
gle-ended networks, as many critics have 
noted, the use of a balun to provide balanced 
output is poor practice. Depending on power 
level, the balun's design, and the output imped- 
ance seen by the a.s.t.u., a balun may suffer 
from heating or core saturation or produce 
feedline imbalance. To be sure, core saturation 
is not a problem at low power levels; but what- 
ever the power, serious feedline imbalance is 
likely under some conditions when using a 
balun with tuned feeders. A current balun on 
the input side of an L-network or a T-network 
has sometimes been suggested as a solution, 
but it actually is not a cure. 

In the case of either input or output baluns, 
the imbalance results from insufficient isolation 
between one side of the supposedly balanced 
output and ground. This is fairly easy to con- 
ceptualize regarding an output balun, but even 
with a balun placed at the input of a single- 
ended (unbalanced) network, the balun also 
appears as a reactance or leakage path between 
the "lower" side of the output and ground. (As 
conventionally drawn, the schematic of a sin- 
gle-ended network with an input balun does not 
immediately disclose this leakage path, but the 
schematic can easily be redrawn to show the 
balun appearing between the lower side of the 
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output and ground.) In other words, it is only 
par~lY true 6 say that when a balun is placed at 
the input of a single-ended network, it is used 
in the kind of low or medium-impedance, resis- 
tive circuit for which it is designed." 

It isn't difficult to check a.s.t.u. output bal- 
ance. I've described how to measure feedline 
imbalance in actual antenna systems when 
feeding a line at a high impediince point in 
Reference 6. However, the simple "antenna 
system simulator" shown in Figure 3 provides 
an easier approach to checking a.s.t.u.output 
performance. For balance-checking purposes, 
the circuit adequately replicates an antenna sys- 
tem comprised of a feedline and a horizontal 
antenna over ground (as opposed to one in free 
space). RI  and R2 should be 112 or I -watt car- 
bon resistors. For easy replace:ment, connect 
them to binding posts on a scrap of perfboard. 
In a real system, of course. reactances are often 
present in the impedance seen by the tuner, 
but the simulator still provides revealing "first- 
cut" results. 

To simulate a balanced antenna system, R, in 
Figure 3 should equal R2, with the surn of these 
two resistances equaling the impedance that the 
a.s.t.u. sees at its output terminals. To use the 
simulator, attach leads "a" and " b  to the bal- 
anced output terminals on the l.uner, and attach 
lead "c," from the junction of the two resistors, 
to the tuner's ground lug. Then, applying just 

'.In thl\ regald. lhr o\o.ll rule-of-thumb I\ that tht  \crlc* ( o j  a~nd lng)  rL.;tc- 

t.ulcc <1r;1 h.tlun \huuld hc at Ic.!rt I!\,L. trnie\ the tn,prd.tl~cc 01 11, l o ~ d  Wc 

i,tn takc lhc\ tfigucc *\ guldc lllr tllc n~tnlrnum reac1;tni.c that c;in he salrly 

placed hetween rhc lower \ide at .i hingle-ended network .rnd ground withc~or 

cauvng r ~ g n ~ f ~ c a n l  tccdlinr ln~halancc I f  we ;i\\.une th;a the ~rnpcd;incr at 
hlgh vullagc po!nl\ along the fccdlinc lnlay c;l\!l) I ~ C ~ L L ~  2001) ohm\ (:I low 

r\llrn;lto) In ;i I u n c d - t c ~ d ~ ~  dntcnn.! \Y\ICIII, then the holun'\ wne\ rractancc 

\hould he a !nrnlmum 01 IO.fNKl ohni\, w h ~ h  tr  ~unlfkcly to hc ~ c a l l / r d  :~cro\< 

thc lul l  frequr~hcy range of the 3.5 1.u. 

enough RF power to obtain a reading, use an RF 
probe and a digital voltmeter to measure the 
voltage drops across R1 and R2. (Less than a 
watt suffices.) 

If the voltage drops across R ,  and R2 (indi- 
cated as V I  and V2 in Figure 3) are equal, this 
indicates equal current through the two resis- 
tors. Unequal voltage drops indicate propor- 
tionately unequal currents and thus the pres- 
ence of a leakage path between one side of the 
"balanced" output and ground. (Strictly speak- 
ing. the leakage path appears in parallel with 
one of the resistors, lowering the net impedance 
to ground on that particular side of the suppos- 
edly balanced output.) 

For interesting results, make R ,  and R2 2000 
ohms each, to simulate a balanced resistive 
load of 4000 ohms. Then test various antenna 
tuners, both commercial and homebrew. The 
balance between the two sides of the output 
should be within about 12 percent (or 1 dB) 
across the full frequency range of the tuner. 
You'll see why the search for the ideal a.s.t.u. 
continues. and why the IBZ design presented 
here is so advantageous. 
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MODELING AND 
UNDERSTANDING 
SMALL BEAMS 
Part 7 : The X-beam 

B etween miniature loop antennas and full- 
size arrays exists a special class of 
antennas: the small beams. To some, 

small beams represent the search to achieve 
something for nothing. Like lotteries and 
sweepstakes, they receive as much moral disap- 
proval as technical discrediting. To others, they 
are a necessity, because some improvement is 
better than none. Space and money restrictions 
are the chief motivations to build a mini-beam 
of one design or another. 

For me, small beams are fun. Many types of 
small beams have received only casual empiri- 
cal development. Their performance limits 
remain a mystery. Computer modeling can esti- 
mate with buildable accuracy antenna gain, 
front-to-back ratio, overall azimuth and eleva- 
tion patterns, and feedpoint conditions. For 
under $30 per antenna, with hardware store 
parts, I can test what modeling tells me ought 
to be the case. 

In this series, I'll look at some contemporary 
small beams. My purpose is not to recommend 
any of the designs. Rather, the goal is to under- 
stand what each design can and cannot do. Only 
then can you assess what each beam's place may 
be in the scheme of amateur antennas. 

Standards of comparison 

Small beams appeal to the builder because 
they are manageable. They are "hands-on" 
devices, not set-and-forget store items. On 10 
meters, where all the beams in this series were 

modeled and tested, dimensions are reasonable 
as one-person projects. Moreover, the results 
are generally scalable down to at least 20 
rtleters with little ad-iustment. Since 10 meters 
is closed part of the day, even during sun spot 
maxima. it's possible to test the antennas with- 
out causing QRM. 

This series will contain extensive notes on 
the modeling aspects of these investigations to 
show the evolution of various designs. These 
notes may also prompt kindred spirits to try 
some directions not taken here, and to uncover 
some possibilities that have eluded me. 
Modeling data in this series will often be given 
for free space (to permit ready general compar- 
isons), at 20 feet (a common height for portable 
antennas), and for 35 feet (a common perma- 
nent installation height). 

There are several general propositions about 
small beams that underlie both our knowledge 
and our mythology: 

I .  Small beams generally have narrower 
bandwidths than full-size beams. This proposi- 
tion is true, but it's not always the limiting fac- 
tor we may think it is. 

2. Small beams present complex construction 
problems. The truth of this proposition depends 
upon the sort of antenna construction with 
which you are comfortable. If yo~l  have only 
slipped tubing in and out of other tubing in nor- 
mal Yagi construction fashion, then some 
closed geometry beams will seem ungainly at 
first sight. However, if you look at plumbing 
and electrical supplies and see antenna possibil- 
ities, then small beams offer a pleasant chal- 
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Figure 1. Composite free space azimuth patterns of a wide-hand 2-element Yagi from 28 to 29 MHz. 

lenge. But, admittedly, a few require careful will outperform the standard two-element Yagi 
construction. in front-to-back ratio with little loss of forward 

3. Small beams give reduced performance. gain over a small bandwidth. And, for certain 
With respect to forward gain, this proposition is operators, this property may be just the one 
generally true. However, some of the beams in desired. Every beam must be measured against 
this series-all two-element parasitic types- a particular set of applications. 

Wide-Band 2-Element Yagi Performance 

Frequency (MHz) 28.00 28.25 28.50 28.75 29.00 

Free Space 
Gain (d6i) 6.7 6.5 6.3 6.1 5.9 
F-B ratio (dB) 10.3 11.0 11.2 1 1  .O 10.6 
Impedance (R+X) 24-17 28 - 8 32 + 1 36 + 9 40 + 18 

20' high 
Gain (dBi) 11.7 11.5 11.3 11.2 11.1 
F-6 ratio (dB) 13.3 12.2 10.9 9.7 8.8 
Impedance (RkX) 27 - 21 30- 13 34 - 5 37 + 2 39 + 10 

35' high 
Gain (dBi) 12.0 11.9 11.7 11.5 11.4 
F-6 ratio (dB) 12.7 13.7 13.5 12.6 11.5 
Impedance (R+X) 27- 17 31 - 8  35 + 0 40 + 8 43 + 15 

Note: Performance figures for 20 and 35 foot heights were taken over average ground (also called medium 
earth: dialectric constant = 13, conductivity = 5 milliSiernens/rneter). See text for antenna dimensions and 
material. 

Table 1. Performance characteristics in free space, at 20 feet, and at 35 feet of a wideband 2-element Yagi using a driven element 
and a reflector. 
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Figure 2. TRU-X beam configuration and azimuth pattern at 35 feet above average earth. 

As a standard of conlparison, let's present a 
well-known 2-element Yagi with a driven ele- 
ment and a reflector. Using I-inch aluminum 
tubing, the driven element is 16-feet long, the 
reflector is 17.5 feet long, and the spacing is 
4.25 feet." The resonant feedpoint impedance 
is about 32 ohms at 28.5 MHz. What makes 
this antenna a good standard of comparison for 
understanding the mini-beams in this series is 
that it's well-behaved. As Figure 1 and Table 
1 demonstrate, the beam maintains its charac- 
teristics across a I MHz span of 10 meters with 
excellent consistency. Free space forward gain 
varies by about 0.76 dBi, while the front-to- 
back ratio varies by less than 1 dB. Variations 
over real ground at 20 and 35 feet are some- 

modest. However, 6.3 dBi forward gain (free 
space) and 1 1.2 dB i'ront-to-back ratio are quite 
serviceable figures compared to the free space 
gain of a wire dipole (about 2.15 dBi). You can 
design Yagis for another dB of forward gain or, 
alternatively, for a somewhat greater front-to- 
b ~ c k  ratio-but only at the expense of band- 
width. Thus, the given design seems well suited 
to its role as a standard of comparison. With it 
in mind, we can turn to the first of our small 
beams. 

The folded X-beam 

In Volume 1 of The Antenna Compendium, 
Brice Anderson presented dimensions for a 

what greater, but still quite minor. - 
"rhl \  heam 1, qullc oh\ tuu, ly  ;t 11111101 viwtdtion 01 the Y;ig~ presented h y  Hill 

The antenna's performance in terms of raw Orr. W6SAI. ~n CQ. D e c e ~ ~ ~ h e r  1')40. p:yr, 83-84. tior rnodcllng purpore,, the 

gain and front-to-back ratio at design center is d,.,,,, CI,,,,,~ I,,,, he,, Icnpthcnrd ccwn.~oce. 
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Figure 3. Roman-X beam configuration and azimuth pattern at 35 feet above average earth. 

folded X-beam for the upper HF bands.' 
Anderson built his X-beams using a driven ele- 
ment and a director element to match as closely 
as possible a 50-ohm line without additional 
components. His aim was a de~ ign  that home 
builders could replicate and use reliably across 
a chosen band. In achieving this goal, he pro- 
duced a 2-element parasitical beam with less 
than its full potential for gain and front-to-back 
ratio. Nevertheless, the X-beam as Anderson 
presented it may well serve hams operating in 
very limited space. With dimensions approxi- 
mately a quarter wavelength on a side, the X- 
beam is a compact way to achieve some gain 

**The modelung data and pattern d~agrarna u\cd In Ihl\ \ludy w c ~ c  developed 
via ELNIiC 3.02, an enhanced vcrsioo r,l MlNlNEC ava~lable from Koy 
Lcwallcn, W7EL, P.O. Box 6658, Beavertan. Oregon Y7007. Othcr vcrrlons c r t  
MININEC arc avatlable. 

and some front-to-back ratio in a compact 
arrangement. 

Modeling the X-beam 

Computer modeling via MININEC offers us 
a chance to better understand some of the char- 
acteristics of the X-beam. However, due to its 
complex geometry, full of acute angles, it's not 
the simplest beam to model.** 

Where does the X-beam come from? Any 
two wires, one of which is fed, will show some 
degree of parasitic element properties if they 
are not too dissimilar in length, not too far 
apart, and not at right angles to each other. 
Paralleling elements is efficient, but not neces- 
sary. One can construct a true X-beam (or Tru- 

36 Winter 1995 



Performance and Dimensions of the Tru-X and Roman-X Antennas 

Performance (in free space): 

Antenna Gain Front-to-Back Band width Source Impedance 
(dBi) (dB) (degrees) R + X  

Tru-X 
Max. Gain 5.5 16.4 58 42.8 + 3.1 

M a .  F-B 5.2 29.5 62 51.8 + 2.5 

Roman-X 
Max. Gain 6.3 12.1 58 41.2 + 27.3 

M a .  F-B 5.7 23.1 62 59.8 + 25.3 

Dimensions: 

Antenna DE Dir Total Side-side Total Front-back 
Length Length Length Length 

Tru-X 20.6' 20.4' 14.5' 14.5' 
DE = 2 x Arm Dir = 2 x Arm 

Roman-X 21.4' 20.4' 17.4' 9.8' 
DE = 2 x (Arm + Tail) Dir = 2 x (Arm + Tail) 

Typical 2-element Yagis 
DE + Dir 17.0' 15.6' 17.0' 4.0' 

DE + Ref 16.0' 17.5' 17.5' 4.3' 

X-Beam 6.9' + 3.8' 6.9' + 3.3' 9.8' 9.8' 
DE = 2 x (Arm + Tail) Dir = 2 x (Arm + Tail) 

Table 2. Dimensions of Tru-X, Roman-X, DE + Dir Yagi, DE + Ref1 Yagi, and X-beam antennas. 

X), as shown in Figure 2, and alter the dipole 
pattern to show a bit of gain in a favored direc- 
tion. With over 3 dB gain above a dipole in the 
sqme setting (35 feet in Figure 2), the Tru-X 
might be a useful beam were it not so large and 
were the pattern something less than a 3-leaf 
clover. The side lobes are only 4 dB down from 
the main lobe, inviting QRM.t 

Now, let's bend back the ends of the X-ele- 
ments to form a Roman X, as shown in Figure 
3. This simple act pushes the side lobes toward 
the back, reduces them, and increases forward 
gain. A comparison of the patterns in Figure 2 
and Figure 3 reveals the differences. Forward 
gain can improve by up to 1 dB over the Tru-X, 
while the side lobes are down 7 dB from the 

If we bend the ends of the Roman-X wires 
still further back until the director ends and dri- 
ven element ends point at each other, we can 
retain the performance of the Roman-X in a 
square only slightly greater than a quarter 
wavelength on a side, as shown in Figure 4. 
This is the X-beam Anderson presented in 
Volume 1 of the Anrenna Compendiunz, and 
Figure 4 shows the dimensions he recommend- 
ed for 10 meters." 

Basic Anderson performance: To evaluate 

flncident;tlly. tt IF [hi* cot~f~gurattun-and not the .Anderson conhguration- 
a(:aCnst whtch Moxon recommends I n  his .;tudy o f  small dnrennas. Indced. 

Moxon nltght apprectate the foldcd model of the X, given the many fold* ill 

some of h ~ s  recotrlt~lcndcd antennas. wch a\ rhe VKZABQ square, an inlere>t- 

main lobe. However, as Table 2 shows, the ing antenna ~n ~ t ,  awn rlght. Howevcr. he rntght ohject to the quartering real 
lobe\ of the X-hratn See L A Maxan. H f  Anr~nt>nr f i r , -  All L*,c'rlron\. 

Roman-X is a big antenna relative to these mar- R s G 8.. 1982, pages 81-83 ~ , , d  172-175 

ginal improvements. Both the T ~ u - X  and the *For those wihhing to icak the Shcnrn ro ~ t h ~ ,  hands. Anderwn pn,vldc> 

Roman-X beams are, in general, about the same the following formula^ AIW length ("1 = I W f  (hfHz1: Total driven elcrncnt 
length (ft) = h03lf (MHz): Drivcn element tat1 (f t l  = I06.Slt (MH!); Total 

breadth as, but unequal in performance to, a director element (ft) s751f (MHL). and Dtrccror tat1 (rtt = Y?.SIF (MHI). 

standard 2-element Yagi. Table 2 compares the (Anderson, page 64) Although the cha~cc of rnatcr~rlh-tub~ng dlenlrtcr for 

the arms and wlre w e  for the tails-will ,~ltet the required dinlen*ions. no I8 
for the configurations and for the wire and tubing with a length-to-dtameter of about 200: 1 wtll make these 

Yagis. dimensions a good starting potnt lor model~ng. 
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MAXIMUM RADIATION 

TAIL-DE 3'  9.5" 
TAIL-DIR 3' 3.5" 

DRIVEN ELEMENT 

Figure 4. Configuration and terminology of the X-beam. 

folded the X-beam, I constructed numerous 
computer models of Anderson's design and 
variations upon it. Throughoi~t. I retained 
Anderson's terminology, calling the angular 
tubing the "arms" and the bent-back wire ends 
the "tails." 

The initial stage in the work was to see what 
MININEC might tell about Anderson's beam. I 
modeled his dimensions for 10 meters (28.5 
MHz), using 0.5" diameter aluminum tubing 
and no. 18 wire. The result was a beam with 
modest gain over a real dipolz in free space, at 
20 feet (a common height for portable beams on 
10). and at 35 feet (a common 10-meter fixed 
installation height). The resulls appear in Table 
3, with Figure 5 showing a representative 
azimuth pattern for the "best match configura- 
tion at 35 feet above average earth (dielectric 
constant 13, conductivity 5 mS/m). Three 
aspects of the figure are espec.ially notable. First, 
the gain over a dipole in the same position is 
less than 3.5 dB and not up to average 2-element 
Yagi figures. The front-to-back ratio is also 
modest, but odd. The side lobes quartering to the 
rear are less than I0 dB down from the main 
lobe, which limits signal rejection in these direc- 
tions. These rearward lobes will remain. no mat- 
ter how much front-to-back ratio is achieved in 
the 180-degree direction. Third, the input 
impedance is in the mid-30-ohm range, which 
permits a direct coax connection with an SWR 
ratio of under 2: 1. One can either live with or 
cancel the remnant reactance at the feedpoint 
without too much trouble. 

Attempts to improve performance led to 
some alteration of the element dimensions, 
while adhering to Anderson's advice to keep 
the tail lengths a certain amount different-on 
10 meters,b inches. This procedure lent consis- 
tency to all my models. My first attempts 
lengthened all the elements by 0.2 feet per end. 
As Table 3 shows. the resulting antenna 
increased in gain by a small but useful amount. 
However, the front-to-back ratio increased by 
much more. Nonetheless, the rearward side 
lobes did not shrink materially. Figure 6, a rep- 
resentative azimuth pattern, displays the side 
lobes quite well. Finally, the input impedance 
decreased into the mid-20-ohm range. This 
antenna promised improved performance at the 
cost of requiring a ?:I matching system. 

Increasing the tail lengths by 0.3 feet over 
the original Anderson dimensions produced 
further changes in X-beam characteristics. Gain 
increased to equal or surpass average 2-element 
Yagis. However, as Table 3 shows, the front- 
to-back ratio decreased dramatically. Yagis 
with 2 elements show a similar phenomenon 
when optimized for maximum gain. Figure 7 
shows a representative "max gain" X-beam 
azimuth pattern. Finally, the source impedance 
dropped into the mid-teens range. 

~ 6 n e  of these models represents the absolute 
peak of coax match, front-to-back ratio, or gain 
that might be obtained with an X-beam. Rather, 
they are models designed to find out about 
where various parameters end up with changes 
of element length. Initial observations of the 
data in Table 3 suggested that with the X- 
beam, one cannot wholly rely on a free-space 
model. Modeling over the anticipated real ter- 
rain of the antenna is a must. Because 
MININEC calculates the source impedance 
over perfect ground. not the modeled ground. 
slight differences between the models and reali- 
ty are the order of the day. 

Constructing an X-beam without loading 
requires a tuning process that opposes what we 
normallv do. If we wish to move from best 50- 
ohm match to rnaximum front-to-back ratio, we 
must lengthen the element tails, a process that 
requires more forethought than merely snipping 
dipole wires. 

Loading the X-beam: If we could achieve 
some desirable improvements in X-beam per- 
formance by changing element lengths, the next 
question is whether similar results might be 
obtained by loading the d~rector. This idea 
came from W2EEY's X-beam that I encoun- 
tered in Antentlu Roundup, Volume 2.2 Table 
4 shows some initial results. Using the original 
Anderson dimensions, we can achieve the per- 
formance of the maximum front-to-back ratio 
model and the maximum gain model by placing 
a series inductor of the proper reactance at the 



Properties of a 10-Meter X-beam 

Antenna A: Basic Anderson design: Arms 0 . 5  dia., 6.92' long, Tails #18, DE = 3.79', Dir = 3.29'. 

Environment Gain Take-Off F--B Ratio Beam width Source Impedance 
(dB) Angle (dB) (degrees) R r X 

Free Space 5.5 -- 20.9 66 36.3 - 19.2 

20', ave. gnd. 10.7 24 11.8 74 38.6 - 12.1 

35', ave. gnd. 10.9 14 17.1 68 34.3 - 1 6.1 

Antenna 6: f0.2'  to Tails: Arms 0.5" dia., 6.92' long, Tails #18, DE = 3.99', Dir = 3.49'. 

Free Space 6.6 -- 13.0 62 20.3 + 0.4 

20', ave. gnd. 11.6 23 24.2 66 22.9 + 1.9" 

35', ave. gnd. 11.9 14 15.4 62 20.3 + 1.9 

Antenna C: +0.3' to Tails: Arms 0 . 5  dia., 6.92' long, Tails #18, DE = 4.09', Dir = 3.59'. 

Free Space 6.9 -. 7.0 58 14.1 + 15.1 

20', ave, gnd. 11.9 23 10.6 62 15.3 + 15.1 

35', ave. gnd. 12.1 14 7.9 60 14.3 + 15.6 

* Dimensions of antenna B were optimized for a 20' height above average earth. Free space models require 
adjustment for low heights and require real earth models. 

Performance figures for 20 and 35 foot heights were taken over average ground (also called medium earth: 
dialectric constant = 13, conductivity = 5 milliSiemensImeter). 

Table 3. Properties of a 10-meter X-beam in free space and at 20 and 35 feet over medium earth. 

center point of the director. The models use a 
lossless inductor as the loading element. 

Further azimuth patterns proved unneces- 
sary, as progressions began to emerge. Best 
match, maximum front-to-back. and maximum 
gain patterns each look alike, whatever means 
are used to arrive at them. Moreover, the resis- 
tive component of the source impedance 
remains in the same ball park for each catego- 
ry: the mid-30s for best match, the mid-20s for 
maximum front-to-back ratio, and the mid- 
teens for maximum gain. 

Inductive loading is usuallv less  referable - 
than capacitive loading, wherever a choice is 
available. Therefore, following W2EEY's lead, 
the next set of models lengthened the director 
tails to require a capacitive load for each X -  
beam category.  increasing the capacitive 
loading, one can move from best match through 
maximum front-to-back ratio to the maximum 
gain level. At the same time, one passes 
sn~oothly through the three source impedance 
ranges. The result is an X-beam that permits 

adjustment with the turn of a knob. 
Anderson recommended a constant length 

difference between driven element and director 
tails. However. since a variable capacitor is 
capable of tuning the system to the desired 
characteristics and since the driven element 
reactance remains stable across the span of 
adjustments, we may depart from Anderson's 
empirically derived constraint and resonate the 
capacitively loaded X-beam. Table 5 shows in 
finer detail the result of returning the driven 
element to an approximately resonant length 
while leaving the director long for capacitive 
tuning. The results are precisely comparable to 
those for all other models. 

In fact, the representative azimuth patterns 
shown in earlier figures are taken from the 35- 
foot model of this X-beam. Moreover, rearward 
side-lobe angles shown in Table 5 apply to all 
the models within a few degrees and with close 
matching of their level below the main lobe. 
Additionally, the X-beam does not lend itself to 
close stacking or interlacing. W9PNE confirmed 
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X-Beam : best 50-Ohm match 
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Figure 5. Representative azimuth pattern of the X-beam. configured for best match to 50-ohm coaxial cable. 

my own modeling failures in correspondence: 
no one he knew had had any luck trying to cre- 
ate a compact multi-band X-beam assembly. 

Changing materials and frequencies: 
Because not everyone has access to the same 
materials, I checked the sensitivity of the X- 
beam in Table 6 to variation:; in arm diameter 
and tail thickness. Increasing the arm diameter 
to 1 inch and the tail wires to no. 12. while pre- 
serving the dimensions of tht: antenna in Table 
5, produced the results shown in  Table 6. 
Those who are only used to working with linear 
elements, where fat equals electrically long, 
may be surprised to find that both the driven 
element and the director play short. Both 
require lengthening to match the antenna in 
Table 5. (Those who have modeled quads with 
wires and tubing of varying diameters won't 
find this phenomenon strange at all.) The requi- 
site lengthening-on the order of 0.2 to 0.3 feet 
per tail-approaches the point of requiring 
slightly longer arms to keep the tails from 
almost touching. In the end, varying the materi- 
als of an X-beam by any significant amount 
requires either a new model for a blueprint or 
some empirical experimentation. 

SWR bandwidth: Developing 2: 1 SWR 
bandwidth curves does help us determine 
which of the design variations will best serve a 
specific application. The bandwidth of the X- 

beam appears to be little better or worse than 
most antennas. Table 7 charts two models of 
the X-beam at 35 feet, the first of which is the 
original Anderson specifications. Referenced 
either to the center frequency resistive compo- 
nent of the source im~edance or to a 50-ohm 
cable, the Anderson design provides a broad 
curve within the usual 2: 1 SWR limits. The 
curves are graphed in Figure 8. Note that as the 
frequency increases. the design transitions from 
a "best match" condition to a "max gain" con- 
dition, with the "max front-to-back" condition 
occurring about three-fourths of the way 
through the I MHz spread. Although the gain 
and front-to-back ratio drop off seriously at the 
lowest end of the band, performance is reason- 
ably adequate throughout most of the range. 

Using the capacitively loaded antenna at 35 
feet of Table 5, 1 converted the load reactance 
at 28.5 MHz into a capacitance for insertion 
into the model as a LaPlace figure. The results 
of a selective frequency sweep appear in Table 
7 and are graphed in Figure 9. Again, the lower 
line references the SWR to the center frequen- 
cy, while the upper line references it to 50 
ohms. The figures suggest that the 2: 1 SWR 
bandwidth exceeds 750 kHz on I 0  meters. 
However, most of the bandspread lies below 
the design center. Therefore, when planning an 
antenna for a specific bandspread, the designer 



Properties of a 10-Meter X-beam with an Inductively Loaded Director 

Antenna: Arms 0.5" dia., 6.92' long, Tails #18, DE = 3.79', Dir = 3.29'. 

Environment Dir XI Gain Take-Off F-B Ratio Beam width Source Impedance 
(Ohms) (dBi) Angle (dB) (degrees) R ? X 

Antenna A: Anderson best 50-Ohm match design 

Free Space 0 5.5 -- 20.9 66 36.3 - 19.2 

20', ave. gnd. 0 10.7 24 11.8 74 38.6 - 12.1 

35', ave. gnd. 0 10.9 14 17.1 68 34.3 - 16.1 

Antenna B: Maximum front-to-back ratio design 

Free Space + 6 5.9 -- 27.6 64 29.7 - 19.6 

20', ave. gnd. +12 11.4 24 24.0 68 26.1 - 15.7 

35', ave. gnd. +10 11.5 14 27.2 64 24.9 - 16.6 

Antenna C: Maximum gain design 

Free Space +23 6.8 -- 6.9 58 13.1 - 9.9 

20', ave. gnd. +23 11.7 24 10.3 62 14.3 - 10.2 

35', ave. gnd. +20 12.1 14 10.3 60 15.5 - 1 1.8 

Note: Loading permits each antenna to be optimized for each environment. 

Performance figures for 20 and 35 foot heights were taken over average ground (also called medium earth: 
dialectric constant = 13, conductivity = 5 milliSiemens/meter). 

Table 4. Properties of a l0-meter X-beam with an inductively loaded director in free space and at 20 and 35 feet over medium earth. 

should center the model about two-thirds to 
three-fourths of the way up the spectrum. Like 
the Anderson design, this X-beam changes its 
characteristics from a "best match design" 
through a "max F-B" design to a "max gain" 
design. If a particular characteristic is especial- 
ly needed at a specific frequency. one must 
design for that frequency and live with the 
resitlts at other frequencies. 

Building an X-beam 
Because a folded X-beam for 10 meters is 

under 10 feet on a side, garage construction is 
easy. A 10-pound package is easy to achieve, 
which means that a siniple mast will hold the 
antenna, and antenna raising is a simple matter. 
At the risk of repeating some of what Brice 
Anderson has said about building an X-beam, 
let's look at some possibilities. 

Basic structure: For a number of reasons 
relating to the bandwidth of the antenna, "per- 
manent" X-beam installations should corisider 

using Anderson's original recommendations for 
dimensions. Although the rear lobe of the 
antenna will be wide and gain will not be maxi- 
mum, matching the antenna to a 50-ohm cable 
and transmitter is vastly simplified. In fact, a 
simple sleeve balun (such as the W2DU model 
or those available through Radio Works) may 
be the onlv device between the coaxial feedline 
and the antenna terminals or connector. 

Refer to Figure 10 for some construction 
details. Although this figure shows elements rel- 
evant only to a hilltopper version of the X-beam, 
it also reveals the basic construction technique 
for all X-beams. For 10 meters, a plywood plate 
18 inches on a side supports the X members. 
Scrap plywood 318 to 112 inch thick will easily 
bear the antenna load. My technique for attach- 
ing the antenna to the mast is to fasten an 18- 
inch length of I-inch nominal diameter Schedule 
40 PVC with two 2-inch L-bracket supports. 
Stainless steel bolts (no. 10 x 2 inches) run 
through the pipe to clamp the L-brackets. while 
I -inch no. I0 bolts hold the plate. 
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Figure 6. Representative azimuth pattern of the X-heam, configured for maximum front-to-hack ratio. 

X-Bean: maxinun gain ELNEC 3.82 

Freq = 28.5 NHz 

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

. . . . 

. . .  OuterRingm 12.158dBi " .  , . . Rzinuth Plot 
b. Gain 12.150 dli . . . . . . .  . . ' Elevation Angle = 14.8 deg. 

Figure 7. Representative azimuth pattern of the X-beam, configured for maximum gain. 



Properties of a Resonant 10-Meter X-beam with a Capacitively Loaded Director 

Antenna: Arms 0.5" dia., 6.92' long, Tails #18, DE = 3.99', Dir = 3.79'. 

Dir Load Gain F-B Ratio Band Width Source Impedance Side Lobe Side Lobe 
-Xc (dBi) (dB) (degrees) R + X  Angle (deg) Ratio (dB) 

Environment 1 : Free Space 
-1 5 6.9 6.9 58 13.7 + 8.1 100 (est) -9.0 (est) n. 1 
-20 6.8 10.1 60 17.0 + 4.4 101 -9.1 
-25 6.5 14.4 62 21.1 + 1.5 105 -9.4 
-30 6.2 21 .I 64 26.2 - 0.3 108 -9.4 
-35 5.9 51.5 66 31.4 - 0.9 112 -9.4 n. 2 
-40 5.6 22.2 68 35.6 - 0.4 115 -9.2 
-45 5.3 16.8 68 39.7 + 0.8 118 -9.0 
-50 5.0 13.9 70 43.1 + 2.3 121 -8.7 n. 3 

Environment 2: 20' above average earth, takeoff angle 23 degrees 
-1 5 1 1  .8 10.4 62 14.9 + 8.2 101 -9.2 n. 1 
-20 1 1  .8 16.3 66 19.1 + 5.1 1 05 -9.4 
-25 11.5 33.0 68 23.9 + 3.5 109 -9.4 n. 2 
-30 11.3 21.2 70 28.9 + 3.4 114 -9.2 
-35 11.0 15.2 72 33.3 + 4.5 118 -8.8 
-40 10.8 12.2 74 37.0 + 6.5 123 -8.4 
-45 10.5 10.2 74 39.7 + 8.9 127 -8.0 n.3 

Environment 3: 35' above average earth, takeoff angle 14 degrees 
-1 5 12.2 7.8 60 13.9 + 8.7 1 00 -9.0 n. 1 
-20 12.1 11.6 62 17.2 + 5.4 102 -9.2 
-25 11.8 16.8 64 21.3 + 3.1 1 06 -9.5 
-30 11.5 24.3 66 25.5 + 1.8 110 -9.5 n. 2 
-35 11.2 22.1 68 29.7 + 1.6 113 -9.3 
-40 10.9 16.9 68 33.4 + 2.2 117 -9.1 
-45 10.6 13.8 70 36.6 + 3.5 1 20 -8.8 
-50 10.5 1 1  .8 72 39.2 + 5.0 124 -8.5 n. 3 

Note 1:  maximum gain Note 2: maximum front-to-back ratio Note 3: best coax match 

Performance figures for 20 and 35 foot heights were taken over average ground (also called medium earth: 
dialectric constant = 13, conductivity = 5 milliSiemensrlmeter). 

Table 5. Properties of a resonant 10-meter X-beam with a capacitively loaded director in free space and at 20 and 35 feet over 
medium earth. 

Drill the plywood for the X members, using 
2-inch no. 10 bolts for the fasteners closest to 
the mast stub and 1 - 112 inch no. I0 bolts about 
a half inch from the plate corners. (All hard- 
ware is stainless steel, now more readily avail- 
able in hardware stores.) I used a drill press to 
drill the tubing, keeping the two holes per piece 
aligned by dropping a long nail through the 
first hole and matching it to a reference verti- 
cal. The only other holes needed are at the X- 
member far ends, about I14 inch in for attach- 
ing the perimeter line and the tails. 

Disassemble the basic X and weather-treat 
the plywood. Spar varnish has been a standard, 
but scrap plywood vften admits moisture 
through gaps in the edge. A more weather- 
proof alternative is to fiberglass epoxy the 
board. Before coating the board, enlarge all 

holes slightly. Then coat their edges heavily. 
When everything is set, use the correct drill bit 
to reestablish bolt holes and some sandpaper to 
refit the mast stub. An orbital sander with 
coarse paper will make quick work of smooth- 
ing and leveling the surface. The result is 
weather-proof nearly forever. 

When the hub and X members are reassem- 
bled, run a perimeter line of I/8-inch nylon 
rope or cord. using the end bolts as attachment 
points. Solder ring connectors on the tails and 
place them on the end bolts with an additional 
nut. Add very short leads (with ring connec- 
tors) to a coax connector and attach the ring 
connectors to the underside bolt extensions for 
the drjven element, using additional no. 10 
nuts. Add a shorting bar across the bolt exten- 
sions of the director. 
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Properties of a 10-Meter X-beam with Thicker Arms and Tails and with a Capacitively Loaded Director 

Antenna: Arms l.O" dia., 6.92' long, Tails #12, DE = 4.29', Dir = 3.79'. 

Environment Dir XI Gain Take-Off F-B Ratio Beam width Source Impedance 
(Ohms) (dBi) Angle (dB) (degrees) R 2 X 

Antenna A: Best 50-Ohm match design 

Free Space -25 5.3 -- 15.7 70 39.9 - 2.9 

20', ave. gnd. -25 10.5 24 9.6 76 39.5 + 5.3 

35', ave. gnd. -25 10.7 14 13.0 70 36.7 - 0.4 

Antenna 0: Maximum front-to-back ratio design 

Free Space -1 5 5.9 -- 33.0 66 31.4 - 4.8 

20', ave. gnd. - 5 11.6 24 53.0 68 24.0 - 0.4 

35', ave. gnd. -10 11.5 14 24.2 66 26.5 - 2.3 

Antenna C: Maximum gain design 

Free Space + 5 7.0 -- 6.9 58 13.4 - 4.4 

20', ave. gnd. + 5 11.9 24 10.5 64 14.5 + 4.3 

35', ave. gnd. + 5 12.3 14 7.7 60 13.6 + 4.8 

Performance figures for 20 and 35 foot heights were taken over average ground (also called medium earth: 
dialectric constant = 13, conductivity = 5 milliSiemensImeter). 

Table 6. Properties of a 10-meter X-beam wilh thicker arms and tails 
20 and 35 feet over medium earth. 

of the driven element will alter its reactive 
component. If the center frequency is to be in 
the lower portion of the 10-meter phone band, 
alter the tail lengths so the lowest SWR (what- 
ever its value) is just about at the 28.0 MHz 
point. Then alter the driven element tail lengths 
to reduce the SWR at the center frequency fur- 
ther by bringing the driven element to reso- 
nance. Since initial adjustments may require 
lengthening elements, do not install ring con- 
nectors until the tail length ic set. 

A hilltopper version of the X-beam: The 
ability to capacitively load the director for opti- 
mum performance suggesteti that the folded X- 
beam would make a compact collapsible anten- 
na for portable hilltop operations. Figure 11 
shows the theoretic coincidence of five patterns 
across the first MHz of 10 meters with the 
antenna director adjusted in each case for maxi- 
mum front-to-back ratio at a 20-foot height 
level over medium ground, the average condi- 
tions for my portable operations. 

Because local hardware stores carried only 
314-inch, 0.050-inch wall th~ckness aluminum 

and with a capacitively loaded director in free space and at 

tubing, I remodeled the antenna for this materi- 
al. With 6 foot 1 1 inch arms, the director and 
driven element tails became functions of the 
tuning and matching system. Since a beta 
match requires driven element shortening, its 
tails worked out to be 3 feet I I inches long to 
provide a requisite 25 ohms of capacitive reac- 
tance. The director element had to be length- 
ened so the tuning capacitor could electrically 
shorten it; 4 foot 1 inch tails provided for this 
factor. (Note: despite the fact that the physical 
length of the driven element is shorter than the 
parasitic element, the electrical lengths are 
reversed and the beam remains a driven ele- 
ment-director arrangement.) 

Beta matches are easily calculated from 
information in the ARRL Antenna B ~ o k . ~  I set 
25 ohms as the desired feedpoint impedance. 
because this is close to optimum for maximum 
front-to-back performance from the antenna. A 
beta match was then calculated for a 2: 1 reduc- 
tion in impedance. Coil construction utilizes 
data from recent editions of the ARRL Hand- 
book.J The coil required a 50-ohni inductive 
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reactance, which works out to about 0.28 pH, 
or 6 turns spaced over 314 inch with a 112 inch 
diameter, using no. 12 wire. 

Antenna construction is identical to that 
described for the "permanent" model. Only a 
few changes are needed to accommodate col- 
lapsing the antenna and adding the tuning and 
matching elements. First, the beta-match coil 
has ring connectors on its very short leads and 
connects across the driven element inner bolt 
extensions. Second, a half wavelength (adjusted 
for velocity factor, about 16 feet) of 450-ohm 
ladder line attaches to the director bolt exten- 
sions in place of the shorting bar. At the other 
end of line, which is within easy operator reach. 
are two pin jacks. The tuning capacitor has pin 
terminals to mate with the jacks. The line is 
spaced from the mast by plastic spray can tops 
in which four holes are punched. Cable ties hold 
the tops to the mast every few feet, and smaller 
cable ties hold the line to the tops. 

Every use of the antenna sacrifices a few 
cable ties during disassembly. However. the 
remote tuning system mounts and dismounts 

quickly. The capacitor goes into a protective 
box when not in use, and the line (with caps 
attached) rolls up semi-neatly. 

The bolts marked " P  on Figure 10 are pivot 
bolts; they are loosened for antenna transport 
and storage. The others are removed to free the 
arms to pivot and then replaced in their plate 
holes for storage. The perimeter line is looped 
over the arm point marked "L" and removed 
when the antenna is not in use. The entire 
assembly is then pivoted so all arms point the 
same way. Fold the tail lines neatly along the 
lengths of the nestled arms, and the resulting 
compact mass fits in my hatchback. 

Adjustment: Using the antenna is simply a 
matter of putting it up and tuning the remote 
director capacitor for minimum SWR. More 
accurately, SWR minimum is optimum at the 
design center frequency only. Below center fre- 
quency, use slightly less capacitance than for 
absolute minimum SWR (within the usual 2: 1 
transmitter limits) and above center frequency, 
use slightly more. These guidelines are a func- 
tion of the complex resistance-reactance combi- 

L 

CONNECTORS 

DIRECTOR 

P = PIVOT BOLT 
L =  LINE LOOP 

3/8" OR 1/2" 
PLYWOOD- 

DRIVEN TAPE TAILS TO LINE 
ELEMENT 
TAIL 

A X  CONNECTOR 

PERIMETER LINE 

Figure 10. Construction details of a collapsible hilltopper X-beam with beta match and remote director tuning. 
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Figure 11. Azimuth patterns of the hilltopper X-beam at 20 feet from 28.0 to 29.0 MHz. 

nations that occur off center frequency and the 
desire to hold the antenna at the maximum 
front-to-back ratio point. 

Initial adjustment is similar to the procedure 
used for the permanent model. Tune the capaci- 
tor for the lowest SWR at the center frequency 
and then trim the driven element tails for a 
further drop. 

Variations in materials can create significant 
differences from modeling figures. For exam- 
ple, the hilltopper model used plastic covered 
speaker wire as a convenience in cutting identi- 
cal tails. However, this material yielded tails 
that were electrically long for both elements. I 
anticipated a need for a capacitor covering a 
range of 10 to 45 ohms capacitive reactance 
(about 125 to 570 pF) to tunt. the range from 28 
to 29 MHz. With the wire used, a 100 pF vari- 
able capacitor covered the resultant 80 to 220 
ohm range (25 to 70 pF). 

The tails required 6 inches of pruning each to 
place the SWR curve well wrthin the desired 
band. However, the result was a curve that 
went below 1.15: 1 at 28.300 MHz and rose to 
1.5: 1 at 28 MHz and to 1.9: 1 at 29 MHz. Local 
point-to-point contacts verify the pattern as 
generally in accordance with the shape shown 
in Figure 11. Performance is detectably better 
than with a reference dipole placed on the same 

mast, and the reasonably sharp null to the rear 
is more pronounced than the forward gain. 

Overall evaluation 
The X-beam is a parasitic 2-element beam, 

but not a 2-element Yagi in either appearance 
or performance. However, for those with 
restricted budgets and space, it may provide 
significant improvements in performance over 
a dipole or other simple antenna. The X-beam 
is flat and compact. As an inexpensive ($25 to 
$35 dollars, depending on local hardware store 
prices), easily built antenna that fits on a mast 
(instead of a tower) with a TV rotator (or sim- 
ply an "Armstrong" rotator), the antenna lends 
itself to some home applications. Its turn radius 
is a little less than that of a rotatable dipole. 
But, for me, it comes Into its own as a collapsi- 
ble. tunable hilltopper. 

One factor to consider in making the decision 
to build an X-beam should be the pattern of 
usual QRM that besets your station. If that QRM 
comes directly off the rear of a dipole, then a 
"max F-B" X-beam set-up may be quite helpful. 
However, if the QRM angles in off the rear (for 
example, QRM in St. Louis from New England 
and Florida when the beam points due west), 
then it may be wise to hold out for a small Yagi. 
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X-Beam Bandwidth Characteristics 

Antenna: Arms 0.5" dia., 6.92' long, Tails # I  8, DE = 3.79', Dir = 3.29' @ 35' 
Design center: 28.5 MHz (original Anderson design) 

Frequency 
(MHz) 28.00 28.25 28.50 28.75 29.00 

Gain (dBi) 9.9 10.3 10.9 11.5 12.0 

Front-to-back 
ratio (dB) 8.9 11.6 17.1 33.8 13.1 

Beam width 
degrees 72 70 68 66 62 

Source Impedance 
R + - X  42.1 - 26.1 39.4 - 21.5 34.3 - 16.1 27.2 - 8.4 19.5 + 3.1 

SWR (50)' 1.797 1.706 1.710 1.91 3 2.569 

SWR (Ctr)2 2.020 1 .808 1.594 1.433 1.766 

Antenna: Arms 0.5 dia., 6.92' long, Tails #18, DE = 3.99', Dir = 3.79' @ 35' 
Director load (Xc) = -30; Load = 1.86*10"OF (186 pF) @ design center: 28.5 MHz 

Frequency 
(MHz) 28.00 28.25 28.50 28.75 29.00 

Gain (dBi) 10.3 10.9 11.5 12.1 12.1 

Front-to-back 
ratio (dB) 11.6 16.9 24.3 12.0 5.5 

Beam width 
degrees 72 68 66 62 58 

Source lmpedance 
R - + X  37.0 - 12.9 32.3 - 6.7 25.5 + 1.8 18.4 + 14.0 13.3 + 29.5 

SWR (50)' 1.524 1.596 1.961 2.959 5.1 41 

SWR (Ctr)2 1.744 1.390 1.074 2.030 4.800 

' SWR (50) gives the calculated SWR relative to a 50-Ohm feedline. 

SWR (Ctr) gives the calculated SWR relative to the approximate center design frequency impedance (25.5 
Ohms). 

Table 7. Frequency-related properties of the original Anderson design and of an X-beam optimized at 28.5 MHz for maximum 
front-to-back ratio. 

In a comparison with the standard 2-element However, the Yagi standard rests upon some 
Yagi, the X-beam has some deficiencies. First, operating assumptions that may not hold true 
X-beam gain only approaches the '-element for all hams. The standard presumes a desire to 
Yagi as the pattern deteriorates. Moreover, the work one station in a favored direction, with all 
X-beam has rearward lobes that can't be elimi- other signals reduced, if not eliminated. Hence, 
nated and that are only about 1.5 S-units down maximum forward gain and front-to-back ratio 
from the main lobe. are assumed to be desirable in all cases. Some 



amateur radio operations may not benefit from 
this standard. For example. local and even 
wide-area nets may suffer from an inability to 
hear stations in "off' directions. Casual band 
sweeping in search of a rag chew may benefit 
from a less directive antenna. while still profit- 
ing from a little gain and front-to-hack ratio. In 
short, an antenna must be judged by reference 
to iln application a s  well as  to certain perfor- 
mance specifications. 

The folded X-beam is only one of several 
small beams that one might choose to build. 
Before putting an X-beam in the attic. you may 
want to compare it with another interesting 
heam that uses a closed geometry: the modified 

Moxon rectangle. I'll look at this un.justly 
neglected mini-beam next time. 
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Book Reviev - 
Price Wars: How To Win The Rattle pfir 'ruur ~usrurner! 

By: Thornas J. Winninger 

I f you're a small husiness owner, now therc; 3 a 

hook just 1 -ice Wars by Thomas J .  
Winningel rmational hook that gives 

thc small husi -the tools and resources to 
compete in a marKer tnat is rapidly bowing to price 
oriented services rather than vnlue oriented services. 

This upbeat and reassuring book covers such top- 
ics as delining niches, packaging. partnerships, pric- 
ing strategies. micro-marketing, and how to "restruc- 
ture your organization to become consumer driven 
instead of product-driven." One key point is made in 
the foreword to the book: a quote from John Ruskin. 
English Author and Critic; "There is hardly anything 
in thc world tliat some man cannot make a little 
worse and sell a little cheaper and the people who 
consider price only arc this man's lawful prey." This 
point is used as the basis of creating tactics to pro- 
mote the srnall business' value and expertise in ;In 
economy that coddles large impersonal. warehouses 
that trade value and expertise for lower prices. 

Price Wars helps small business owners review 
their services and products and create an environment 
that will produce more consumers and subsequently. 
more sales. It also includes key points highlighted 

the ,.hapten and boxes - ~ ~ ~ ~ l ~  ~ ~ ~ ~ i ~ ~ . ~  excellent reference hook. My advice to small husi- 

me - ~ ~ ~ ~ l ~  ~ ~ ~ ~ i ~ ~ - -  boxes list specifics in  ncssowners, is to read Price Wars and mark the 

the chapter in an order (hat retailers can use to imple- pages that have "Battle Tactics" for future reference. 
tllelll in steps. Another key to Price Wars is it's It may not Save your business, but then again . . . 

unending advice on how to keep customers coming Price Wars is published by St. Thomas Press, 
back. lt emphasizes promoting value and to ~iieasi~res 7 x 9 inches. is 288 pages in hardcover. 
your customers not so much to rationalize your and costs S24.95 plus 53.50 postage & handling. For 
prices. hut to help customers realize that smaller more information, contact St. Thomas Press, 45 10 
businesses mean more pesonal and a greater We" 77th St.. Suite 210, Minneapolis. MN 55435; 

familiarity with the products or services sold. or call Kimberly Williams at 1-800-899-897 1. To 
price wars won-t milke your small business grow order (24 hours a day: seven days a week) contact 

by itself. but 1 believe i f a  small ~ l l s iness  owner/retail- Puhlisher's Distribution Service. 6893 Sullivan 
er reads the book and implements some or all of the R o d .  Gmwn. MI 49637. Cons~mer orders: 1-800- 
suggestions, they will improve [heir ability to 507-2665: Consumer Fax orders: 1-61 6-976-5797: 

with the evcr-grolving popularity of price orient- Trade orders: 1-800-345-0096: Trade Fax orders: 
ed warehouses. 1-800-950-9793. 

Price Wars is well written and easy to understand. Nancy Barry 
After reading the hook cover to cover. i t  hecomes an Assistant Editor 



TECHNICAL CONVERSATIONS 
AF6S responds to Coke Darderz's letter in the 
Summer issue of Communications Quarterly. 

Dear Editor: 
Obviously Coke Darden, W4DHA, has 

devoted much time and energy to the problem 
of measuring transmission-line length. His 
careful work has produced beautiful data that 
make sense. And his speculation, that harmon- 
ics of the MFJ-249's internal test signal pro- 
duce the odd-even "staggered" results, seems 
reasonable and likely to be correct. 

One could test that idea by using a direction- 
al coupler with an ultra-clean signal genera- 
tor-or with a spectrum analyzer-tracking filter 
combination. Perhaps some reader will do just 
that, and report the results right here. I hope so. 

David Barton, AF6S 
San Jose, California 

VE3DBQ Izas .something to add to WOIYH's 
Summer 1994 article, "Desig~ling the Long- 
Wire Antenna System. " 

Dear Editor: 
WOIYH describes an intriguing project in the 

Summer 1994 issue, and I'd like to make a 
point about it. 

He measures the ground resistance between 
his building ground and two ground rods. With 
another couple of measurements, he could find 
the actual resistance of each rod to true ground, 
or T. 

Call his ground rods and building ground A. 
B, and C. Call the resistance of each ground to 
true ground, in order, x, y, z. Measure (AC) 
resistances C to A, A to B, and B to C: call 
them in order, k, 1, and m. Then x = 1/2(k + 1 - 
m). The remaining resistances y and z are easi- 
ly found. (For a visual representation, see 
Figure 1.) 

F.P. Hughes, VE3DBQ 
Ontario, Canada 

- - 

Figure I .  Making some additional measurements to 
find the actual resistance of each rod to true ground, T. 

L.B. Cehik offers some further notes on the 
beta-match. 

Dear Editor: 
WAlSPI's recent review of the beta-match 

("The Hairpin Match: A Review," by Thomas 
Cefalo, Jr., Communications Quarterly, 
Summer 1994, pages 49 to 54) provided both 
an excellent summary of the foundations of this 
L-section match and a productive computer 
program for calculating the hairpin match for 
Yagis. However, there are a few other facets of 
the beta-match that may be worth adding to the 
review. 

The beta- or hairpin match is, as Cefalo 
notes. simply a special case of an L-section 
used to reduce the impedance at the source (the 
transmitter or feedline, Ro) to a lower antenna 
impedance. When shortened, the driven ele- 
ment shows a capacitive reactance (Xa) in 
series with the load resistance (Ra). By careful- 
ly selecting the degree of shortening, one can 
obtain the correct value to go with an inductive 
reactance (XL) placed across the terminals (par- 
allel to Ro) to create a matching section where 
Ro>Ra, as shown in Figure I. Cefalo derives 
two classic formulas for calculating both of the 
reactances: 

Xa = SQR (Ro~a-Ra2)  (1) 

XL = RoRa / SQR (~oRa-Ra2) (2 )  

In other liternture, you may find Ro also 
called Ri (input impedance), RI ,  or Rp (imped- 
ance at the parallel reactance. Likewise, Ra has 
been called RL (load impedance), R2, or Rs 
(impedance at the series element). 

It is useful to derive some other forms of 
these two equations, because they will help us 
answer some questions about beta-matches and 
L-sections in general. 

Xa in Equation 1 can undergo some simple 
manipulations, as follows: 

1 .  Collect terms and rnultiply by RdRa to get: 

Xa = SQR ((Ra2(Ro-Ra))/Ra) 

2. Bring out Ra to get: 

Xa = R2 SQR ((Ro-RdRa) (3) 

XL in Equation 2 can also undergo some 
manipulation: 

1 .  Collect terms and bring the numerator under 
to radical to get: 

XL = SQR ((Ro2~a2)/Ra(Ro-Ra)) 



Figure 1. Beta-match network. 

2. Cancel and bring out Ro to get: 

XL = RO SQR (Ra/(Ro-Ra)) 

3. Invert the radical to get: 

XL = RO / SQR ((Ro-Ra)/Ra) (4) 

This exercise reveals the factor common to 
the calculation of both the series and parallel 
reactances: SQR ((Ro-Ra)/Ra). The common 
factor has in more recent time been called the 
"network Q," but was earlier defined simply as 
6 (delta).' By collecting terms, 6 becomes the 
more familiar: 

6 = SQR ((RoIRa) - 1 ) (5) 

so that the ratio: 

Moreover, calculating the series and parallel 
reactances becomes simplified to: 

Xa = 6Ra (6) 

Because R = 50 ohms for most amateur 
cases, network Q or 6 can be tabulated for most 
of the likely range of values to be encountered 
in beta-match work. Table 1 shows the values 
of Ro/Ra in terms of resistance and as a ratio, 
with consistent values of 6, Xa, and XL. 
Although values are shown for down to 10: 1 
matches (50 to 5 ohms), the more likelier cases 
involve ratios of less than 5:l (50 to 10 ohms), 
with consequent values of 6 between 1 and 2. 

Besides slightly easing a set of calculations, 
6 also provides a means of estimating network 
losses. Cefalo notes in passing (page 51) that 
"Lumped-constant (coil-type) inductors can be 
impractical to use and may have a lower Q due 
to greater losses." He also uses equations for 
his hairpin "that are based on a lossless line 
because the hairpin will consist of open wire 
line that has negligible loss." While we might 
concede the general point that coils are lossier 
than open-wire transmission lines, we may well 
ask by how much they might be lossier. 

If we let Qu (the component Q) be the Q of 
the inductor (assuming, as usual-and as is 
sometimes dangerous at VHF-that the Q of 
capacitors of whatever sort is too high to be of 
concern), then: 

Power lost in the network/Power delivered to 
the network = S/Qu (a)3 

It should be reasonably straightforward to 
construct a coil for XL with a Q of 100. On this 

Table of Beta-Match Values 

RO = 50 n 

I<- More likely values ->I I<- Less likely values ->I 

Ra (n) 25 17 12.5 10 8.3 7.1 6.25 5.55 5.0 

Ratio 2 : l  3 : l  4:l 5:1 6 : l  7 : l  8 : l  9:1 1O:l 

d 1.0 1.4 1.7 2.0 2.2 2.4 2.6 2.8 3.0 

x a  (n> 25.0 23.6 21.7 20.0 18.6 17.5 16.5 15.7 15.0 

x L 50 35.4 28.9 25.0 22.4 20.4 18.8 17.7 16.7 

(Note: All values are very rounded, since the table is designed to give only an indication of values.) 

Table 1. Values for beta matches with 50-ohm inputs. 
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basis, losses in the network for the use of a 
solenoid inductor rather than a transmission 
line will be about 1 to 2 percent. This value 
compares well with the ballpark estimates of 
losses usually thrown without calculation into 
articles on antenna tuners and amplifier output 
matching sections: namely, around 3 to 5 per- 
cent loss. Whether or not this is an acceptable 
loss, compared to smaller losses for a section of 
transmission line, depends upon one's applica- 
tion and the conditions surrounding it. 

In his summarization of the original Gooch- 
Gardiner-Roberts paper, Hall notes that calcula- 
tions suggest a broader SWR curve for solenoid 
inductors than for hairpin inductors.'' The higher 
Q obtainable by transmission line sections sup- 
ports such calculations, because real lines may 
have values of Qu in the several hundreds. As 
Cefalo shows with his 20-meter example, the 
hairpin is often broad enough to cover all of a 
band with an SWR under 2: 1. Note that his data 
reveals a prematch impedance of 22 ohms, 
which yields a figure for 6 of just over 1 ; that is, 
a network Q at its broadest. More radical ratios 
of feedline-to-load resistance may show narrow- 
er bandwidths for the SWR curve. The lower Qu 
of the solenoid inductor thus may prove useful 
for situations where one needs to transform 
lower antenna impedances and remain safely 
operational over a wider bandwidth. The cost is 
a couple of percent of the power, compared to a 
well-constructed hairpin. 

Realistically, viewing open-wire transmission 
line sections as virtually lossless applies-if at 
all-only to freshly installed, tightly connected, 
unweathered assemblies. Component Q is a 
function of the sum of all ohmic losses associat- 
ed with an inductor. We might loosely catalog 
the effects on the Qu of inductors this way: 

1. Inductor shape: Solenoid geometry, 
although capable with the proper materials of 
Qu values well above 100, is no match for a 
transmission line section. 

2. Wire losses related to current: Currents 
that exceed the capacity of any given diameter 
of wire to handle without significant heat, add 
to losses that lower the Qu of any type of 
inductor. The solenoid and the hairpin require 
equal attention to wire size. Copper losses are 
not wholly negligible in real assemblies. 

3. Skin-effect: Losses due to concentration of 
RF currents at the surface of the wire add to the 
previous category of losses and indeed may be 
considered an important part of it. Both types 
of inductors are susceptible to such losses. 

4. Corrosion and weathering: New antennas 
do not stay new for very long. Corrosive salts 
and acids in the atmosphere eat at metals, while 
oxidation tends in many metals to increase the 
resistance at the surface, just where the skin 
effect would concentrate the current. In this 
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Figure 2. An alternative beta-match network. 

regard, it may often be more practical to weath- 
er-protect a solenoid inductor than a hairpin 
loop. However. periodic maintenance is the 
guardian against excessive weathering losses. 

5. Connections: Often neglected are the 
mechanical connections between a matching 
component and the antenna and feedline; yet, 
ohmic losses here are often the culprit in ama- 
teur antenna tales of woe. The fewer connec- 
tions, the better, assuming each connection is of 
equal merit. A true hairpin suffers no more than 
a solenoid, because each has only end-point con- 
nectors. The sliding bar version of the hairpin 
presents two additional loss sources that become 
more significant the longer the antenna stays in 
the air (or the chemical soup, as some call it). 

The gradual reduction in Qu of an inductor- 
hairpin or solenoid-usually does not reveal 
itself as a radical change in antenna impedance. 
Instead, it often shows up as a gradual broaden- 
ing of the bandwidth of an antenna. That is why 
SWR curves need to be run periodically to keep 
track of the condition of exposed parts. Lower 
Q is only sometimes a blessing: at others, it is a 
sign of impending trouble. 

Two closing thoughts: first, the hairpin 
inductor gave rise to the beta-match, but need 
not be the only L-section matching scheme. In 
principle, one may reverse the reactance types. 
By lengthening the antenna driven element, the 
feedpoint impedance becomes complex with a 
resistance in series with an inductive reactance. 
Adding a parallel capacitive reactance across 
the line would complete the match, as shown in 
Figure 2. Reactance values would be the same 
as those in Table 1, with the series inductance 
represented by Xa and the parallel Xc equal to 
the tabulated value of XL. 

In practice, this scheme is unlikely to be espe- 
cially useful, even if there are no mechanical 
objections to lengthening the driven element. 
Although well-chosen capacitors at HF are high- 



Q devices, finding a suitable capacitor may be 
difficult. Most variable capacitors do not weath- 
er well, and most of the easily obtainable fixed 
capacitors have leads (both inside and outside 
the hard casing) that are inadequate for the cur- 
rent levels of high-power amateur RF. 

Finally, it is not necessary to begin the driven 
element shortening process from scratch; that is, 
from a resonant length. Any of the antenna mod- 
eling programs will permit some close estimates 
of the length that will provide the correct mea- 
sure of capacitive reactance. Then, the wire con- 
structor makes the element only a bit too long. 

The upshot of this discussion is twofold. 
First by rearranging the L-section formulas, we 
can obtain further information on the potential 
performance of a beta-match. Second, with that 
data in hand, we are better positioned to decide 
whether a hairpin transmission line section or a 
solenoid inductor is the better selection for a 
particular application. 

L.B. Cebik, W4RNL 
Knoxville, Tennessee 
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WB2TBQ is looking for assistunce with a pro- 
ject he's designing. 

Dear Editor: 
I have subscribed to Communications 

Quarterly for almost two years now and have 
enjoyed both the practical project-oriented arti- 
cles and the theoretical communications arti- 
cles. I am currently stuck on a hobby design 
and thought I might ask your assistance either 
helping me with the design or recommending 
an article or publication, etc. 

I have been trying to build a microcontroller- 
based receiver and am currently designing the 
VFO. I have build a great double-conversion 
superhet receiver and want to replace the analog 
oscillators with synthesized ones for stability, 
ease of use on all ham bands, and also just for 
fun to understand how synthesizers work. I have 
started my design using an MC 145 15 1 and an 
MC4024 or 4324 VCO according to Figure 1. 

The op-amp would be a standard low noise 
op-amp moderate bandwidth device, because the 
speed at this stage would be slow ...p erhaps an 
LF 356 or so. I plan to hook up an MC68HC 1 1 
to the digital end of this synthesizer for the LO 
and another of the same setup for the mixing 
oscillator. I will use the 68HC11 to generate the 
divide ratios for the synthesizers and for com- 
puting frequency for a display and to perform 
functions such as scanning, memories, etc. The 
IRQ input would be hooked to a very smooth 
optically encoded dial for a frequency knob. The 
increment steps and frequency would be con- 
trolled in the microprocessor. The design would 
be quite inexpensive for a hobbyist design. 

Unfortunately, my communications theory is 
over I0 years old and I am having some difficul- 
ty understanding the theory behind the compo- 
nent selection of the low-pass filter that is used 
between the $R and $V outputs of the synthe- 
sizer and the VCO. I understand the concept of 
the system, but need help understanding the for- 
mulas needed for component selection. I would 
like one oscillator system for 5 to 5.5 MHz LO 
in small steps and one for all the mixers; that is, 
10.5, 7.9, and 13 MHz. I have an article on the 
design, but it is too theoretical for me to plow 
through all the mathematics to arrive at an 
understanding of component selections. 

This project is an ambitious one for me, but 1 
am using it as an educational tool for me to 
learn more about receiver and synthesizer 
design. Thanks, in advance, for any help you 
might be able to offer me. 

Michael Hatzakis, Jr., WB2TBQ 
44 Newell Road, Apt. 11 

Palo Alto, California 94303 
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Figure 1. Block diagram of author's design. 
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Marv Gonsior, W6FR 
4 1 8 El Adobe Place 

Fullerton. California 92635 

POWER ON A 
BUDGET 
Usina the Russian Svetlana 4CX 7 600B 
pow&- tetrode in modern amplifier 
designs 

S omething new has been added for high- 
power linear amplifier designs. It's from 
Russia with love-a conservative legal 

limit, cost-effective power tetrode tube. 

Background 

There was a film some time ago titled. "The 
Russians are Coming." The introduction of a 
rather complete line of high quality RF ampliti- 
er tubes manufactured in St. Petersburg, Russia, 
which employ the modem external anode tech- 
nology, makes this a reality. A very large com- 
pany-Svetlana Electron Devices, Inc., priva- 
tized in 1992-now sells its products world- 
wide. Recent descriptions in Corntnlinicarions 
Quorterlyl of two of their tubes. gave me the 
incentive to try one to revitalize my needy 
homebrewed Class AB I amplifier. The applica- 
tion data and results are presented here. 

Svetlana 4CX 1 600B 
characteristics 

The tube, and its custom SK3A socket, are 
shown in Photos A and R. It's a ceramic-to- 
metal external anode tetrode whose original 
application was in a military transmitter, which 
attests to its ruggedness and quality construc- 
tion. (This tube was called the 4CX 1600A. and 
had a much smaller cooler.) Thanks to several 
unique design features. the 4CX 1600B exhihits 
high-performance when operated in class AB 1 
with relatively low anode voltage. 

The anode was recently enlarged and is now 
essentially identical to the 8877 in size and 
configuration. Unfortunately, its matching 
chimney hasn't yet been modified to fit. To 
overcome this problem, I designed one of my 
own. I've been told that a compatible chimney 
will be available in the near fi~ture. For the gen- 
eral tube mounting outline, dimensions, and 
construction details of my homebrewed chim- 
ney, please refer to Figure 1. 

Figure 2 shows the tube's specifications, 
along with my actual operating parameters, 
while running the tube as a grid driven amplifi- 
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Photn 1%. The SK3n socket. Photn h! \I hl, I<. 

er under single tone conditions. As you can see. 
it's conservatively rated for 1500 watts of con- 
tinuous output at 75 MHz--employing a rec- 
ommended 30-ohm passive grid configuration 
that greatly simplifies design and construction 
while minimizing the risk of parasitics and the 
need for neutralization. I t  reqi~ires only a net of 
25 watts of PEP drive in class AR I .  with 
grounded cathode for full output in passive 
grid. Because of its internal geometry. the 
3CX 1600R performs efficiently at a recom- 

mended relatively low anode voltage of 2.4 kV 
for 1.5 kW output. 

The tuhe requires the use of Svetlana's 
SK3A socket. This is a very modestly priced 
custom unit with a huilt-in, removable 0.01 rnF 
annular screen bypass capacitor (mine mca- 
sures 0.01 14 mF). The upper frequency limit of 
this tube. at full power, is specified at 250 
MHz. The hottom views of the socket and tube 
base are shown in Figure 3A and B. 

The intermodulation distortion (IMD) speci- 
fication for the 4CX 1600R is a very respectable 
-36 dB for the 3rd order products. as nieasured 
by the conservative method to one of two equal 
tones. In amateur applications. which arc ret'er- 
cnced to the PEP. this would translate to -42 dB 
which. to my knowledge. exccetls all current 
transceiver specifications. If operated properly. 
without "all knobs to the right." you shouldn't 
experience any significant degradation of the 
tube's perforniancc. This assumption is based 
upon the manufacturer's specified use in a 
grounded cathode configuration. Using my 
HP14 IT spectrum analyzer at 1500 watts PEP 
outpilt at 13 MHz into a dummy load. I was 
essentially able to verify this. as the two-tone 
test results showed no change-with or without 
the final amplifier. I used my Kenwoocl 
TS950SDX as the driver. with 30 watts PEP 
(see Photo C). Thc scale was I0 dR/tliv and the 
sweep was 112 kHir/div. 

Invariably. most amplifiers-that is, those in 
trnnsccivers when operated at significantly 

SK3A SOCKET 

Figure I .  Ti~hc mnunting with chimney. 
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reduced power-will exhibit a corresponding 
improvement in IMD performance as evi- 
denced in Photo C. As specified by the manu- 
facturer, but not tested (see Figure 2), with 
increased grid bias and degenerative cathode 
bias of 24 ohms, the tube's specified efficiency 
rises from 61 to 72 percent. Unfortunately the 
IMD would suffer, increasing to -30 dB on the 
third order products from -36 dB. On the plus 
side, the zero signal anode current decreases 
from 500 to 200 mA; however, the drive 
requirement increases from 25 to 77 watts. 

The chimney fabrication 

As Figure 4 A and B illustrates, the chimney 
lnay be constructed inexpensively using com- 
monly available materials. The parts are 
attached using clear silicone rubber cement 
(RTV). Scuff mating parts with a coarse, 100- 
grit sandpaper, apply the adhesive sparing1 y, 
and an excellent bond will result. My base 
mounting plate was fabricated from a sheet of 
3116-inch Lexano. a polycarbonate. Almost any 
similar material will do, as there is no mechani- 
cal nor thermal stress on the mounting plate. I 
used a fly-cutter to fabricate the base mounting 
ring. Of course, this concept is applicable to 
almost any tube requiring a chimney for forced 
air cooling. 

Some provisos 

- 
t 

Z 

UR GRID PINS 
LLY SPACED 

*CONTACT SURFACE 

Dim Inches Millimeters 
Min Max Min Max. 

A 2.83 3.76 84.8 8.5.6 
B 0.67 0.75 17 1 9 
C 0.394 - 10 - 

D 0.787 0.866 29 3 1 
E - 3.740 - 109 
F 1.968 2.155 66.6 68.6 

Typical Operation, Grid Driven, Single Tone 

Frequency I 75 75 MHz 
Power O L I ~ P L I ~  1.500 1600 1500 W 
DC plate voltage 2450 2400 2400 V 
DC screen voltage 330 350 350 V 
Bias voltage1 -5 2 -53 -70 V 
Zero-signal 
plate current 500 500 200mA 
DC plate current 1080 l I00 870 mA 
DC screen current 25 20 48 mA 
DC grid current 0 0 0 mA 
Driving voltage 515 50 88 V 
Driving power' 30 25 77 W 
CW plate input 
power 2646 2640 2068 V 

Intermodulation di~tort ion:~ 
3rd order -365 -36 -30dB 
5th order -58s -58 -34 dB 
Efficiency 5 7 6 1 72 'Z) 
Cathode resistance 0 0 2 1  ohms 
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Svetlana recommends that the regulated 
screen grid power supply be capable of han- 
dling any negative current that may occur. This 
is relatively common to the tetrode class of 
tubes because they lack a suppressor grid. As u 
result, the supply-no matter what type- 
should be capable of maintaining good regula- 
tion under all conditions, e.g. positive or nega- 
tive current. A very simple shunt regulator is 
therefore recommended. and could consist of a 
pair of OA2s or VR 150s (OD3A) in series. 
This setup should just do the job, but only for 
the grounded cathode configuration, as they are 
specified at 30 and 40 mA. respectively. I'm 
cautious about zeners because of their inherent 
positive drift characteristic. Drift occurs with 
zeners unless they are extremely well heat 
sunk. oversized, and air cooled. I obtained good 
stability with eleven 30-volt, 5-watt zeners in 
series exposed to forced air cooling inside the 
plenum. A shunt regulator is u preferred means 
of control for the source of the screen voltage 
because it offers the fail-safe advantage of fold 
back. It may also be available from the high- 
voltage power supply. providing additional 
safety for purposes of interlocking the two. 

It's possible to use an adjustable, electroni- Figure 2.4CX 1600R specifications. 
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Figure 3. Bottom view of  the ( A )  SK3A sockct and (B) 4CX1600B. 

cally, series-regulated power supply (I've used 
one in the past2), but it must be capable of han- 
dling possible negative screen current. To that 
end, I'd bleed a fixed amount of current consis- 
tent with an assumed worst-case negative cur- 
rent of 20 mA. Make sure the output voltage is 
clamped to prevent over-voltage. I'd use a pair 
of IN2845Bs in series (180-volt 50-watt zen- 
ers) for this purpose. Also, to protect the screen 
from excessive dissipation, set the "roof' volt- 
age about 90 volts above the regulated output 
voltage. This is just at the edge of the required 
differential for regulation while using a 40-mA 

transformer. In the event of excessive screen 
current, that combination causes the voltage to 
fold back, or "starve," the regulator-thereby 
falling out of regulation. The manufacturer rec- 
ommends that a source impedance of not more 
than 9,000 ohms be established as a current 
path from the screen to the cathode. Also, use a 
minimum of 50 ohms source impedance to the 
screen grid to further protect the tube in case of 
an arc. Both of these requirements are easily 
met with a shunt regulator. To  read the screen 
current properly in either direction, I reset the 
zero forward manually-fully beyond the nor- 
mal range of the adjustment screw-to 20 mA 
on a separate zero-to-one meter movement and 
calibrate for 100 mA full scale. I did this as a 
precaution in case a negative screen current 
occurred in addition to my normal, internal 
multimeter setup. 

Svetlana also recommends that a 50-watt 
fixed resistor of at least 25 ohms be placed in 
series with the anode supply as a safety mea- 
sure. This resistor is not used as a fuse, but to 
provide protection from infrequent internal arcs 
that are known to strike tubes at this power 
level. As with all tetrodes, the tube should 
never be operated without the anode voltage if 
the screen voltage is applied. It's an essential 
practice to only activate the two supplies togeth- 
er, or to interlock them accordingly. The heater 
voltage should never be applied without the 
proper cooling. The manufacturer has suggested 
the inclusion of a small inductance, as an L sec- 
tion in series with the 50-ohm input load resis- 
tance to ground, to cancel the 86 pF plus strays 
of the input capacitance of the tube for operation 
at 10 meters. I would recommend that this be 
modified into a fixed Pi section with a 91-pF 
input capacitor with a 0.33-pH inductor (5 turns 
#16 spaced to occupy 1 inch on a Micrometals 
T130-6; yellow core), which is effectively fol- 
lowed by my estimated total of 90 pF of grid 
input capacitance-allowing for strays. The cal- 
culated value for 28.5 MHz alone would be 0.27 
pH. This Pi section will have negligible effect 
on frequencies below I0 meters, and will 
enhance the match on that band while offering a 
small compromise for a slightly better match at 
14 MHz. I provide this information for the 
purist, as most modern tuners will accommodate 
the basic mismatch resulting from the total input 
capacitance at the grid. 

The heater is specified at 12.6 volts plus or 
minus 5 percent at 4.4 A. It's best to be slightly 
on the low side, as this enhances tube life along 
with providing some minor IMD reduction. To 
test for this, reduce the heater voltage just until 
the power decreases slightly, then increase it a 
few tenths of a volt above that point until full 
output is restored. You can repeat this test peri- 
odically during the life of the tube. 
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The heater voltage can be obtained conve- 
niently through series connection of two prop- 
erly phased 6.3-volt windings, or by commonly 
available transformers for 12 volts DC power 
supplies followed by a precise adjustment with 
an autotransformer or variable resistance. I 
used an old UTC S-70-a dual 6.3-volt, 5-A 
transformer with no ~roblem: it's air cooled in 
the plenum. too. Two and one half minutes of 
warm up time is required for the heater to reach 
90 percent of its safe current demand, although 
I conservatively elected to use three minutes. 
The tube may be operated in any position. 

To  enhance tube life, I recommend a 
Keystone Carbon Company Inrush Current 
Protector type CL-60. a negative coefficient 
thermistor. in series with the heater circuit. This 
device is specified to offer 10 ohms at 25 
degrees C, dropping to 0.18 ohms at 5 A. These 
specifications closely fit the heater current 
drain and offer a smooth ramp of 10 seconds to 
bring the heater up to its rated voltage and tern- 
perature-reducing thermal stress to a reason- 
able minimum. Bear in mind that the thermistor 
must be placed outside the cooling airstream to 
function, and away from heat-sensitive objects 
for safety. In my amplifier, it was necessary to 
use Keystone's CL-190 in series with the pri- 
mary because of my air cooling system. This 
device is rated at 25 ohms at 25 degrees C and 
ultimately falls to 0.41 ohms. In my case. it 
drops to 1.79 ohms at less than full load: that is, 
about 0.7 A. This unit also provides a nice time 
constant of approximately I0 seconds. The 

Electrical 
Cathode: Oxide-coated 
Voltage 12.6k0.6 volts 
Current. at 12.6 volts 4.420.3 A 
Voltage. cathode-heater. max. +I00 volts 
Warm-up time 2.5 minutes 
Transconductance 50 mAN 

Direct interelectrode capacitances (grounded cathode): 
Input 86 pF 
Output 12 pF 
Feed back 0.15 pF 
Maximum frequency 250 MHz 

I Mechanical 

Maximum overall dimensions: 
Length 95 rnm (3.51 in.) 
Diameter 72 mm (2.81 in.) 
Net weight 600 prams ( 1.2 1 Ib.) 
Operating position Any 
Cooling Forced air 

Maximum operating envelope 
temperature 225 degrees C 

I Radio Frequency Linear Amplifier, Class A R l  
DC plate voltage 3.0 kV 
DC screen voltage 350 volts 
DC grid voltage -1 50 volts 
DC plate current 1.4 A 
Plate dissipation 1.6 kW 
Screcn dissipation 20 watts 
Grid dissipation 0.1 watts 

Table 1.4CXIBOR general characteristics. 
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M A T E R I A L :  P L E X I G L A S  (ACRYLIC)  OR L E X A N  
(POLYCARBONATE) OR EQUIV..  2 3/16"  THICK 

Figure 4A. Chimney mounting flange and design pattern, top view. 

rp-9, 
13 1/4" 

MATERIAL: 1/16" SILICONE RUBBER SHEET; 80 SHORE 
NO? TO SCALE 

Figure 4B. Chimney design pattern. 

cathode, when operated above ground, is speci- 
fied at a maximum of 100 volts-regardless of 
polarity, between it and the heater. 

Last, but definitely not least, the cooling 
requirement for 1600 watts dissipation at sea 
level, at 25 degrees ambient intake air tempera- 
ture, is 44 c.f.m. with a back pressure of 0.50 
inches. The anode temperature must be limited 
to 225 degrees C (433 degrees F). It's a well- 
known fact that tube life is enhanced with low 
envelope temperatures. I found that the recom- 
mended air flow specification is most conserva- 
tive for ICAS service. In my amplifier, the exit 
air temperature only increased 46 degrees F at 
1500 watts output during heavy duty SSB 
operation. 

The SK3A socket 

I like the way the tube's element configura- 
tion and related socket contacts (all of which are 
spring loaded, see Photo B) are designed for 
low inductances. The heater contacts are brought 
out coaxially. The cathode is a ring surrounding 
the control grid pins, brought out through four 
equally spaced pins connected in parallel inside 
the base. The screen grid is also a ring at the 
base of the tube to which contacts we made via 
eight points around its circumference. Four con- 
tacts are made in the tube socket to the cathode 
ring. These are brought out to the four mounting 
ears so, with operation such as mine using an 
electronic bias switch (EBS),3 the cathode con- 
tacts must be isolated from ground. Otherwise, 
these terminals provide a nice, low-inductance 
means of directly grounding the cathode. 

To isolate the four cathode connections that 
also serve as the socket mounting holes, I chose 
nylon insulating bushings used with the TO-3 
type transistor. These fit the existing socket 
mounting holes precisely. By cutting off their 
stems, I could also use them to make insulating 
washers for the nut end of the mounting screws. 
These bushings are readily available at parts 
houses and are very inexpensive. The mounting 
job to the deck was completed using flat head 
4-40 machine screws. The general characteris- 
tics for the 4CX 1600B are given in Table 1. 

Construction 

In my homebrew amplifier, the layout and 
format are quite conventional with a Pi-L out- 
put. The amplifier is essentially designed for 20 
meters. All capacitors and RF relays are vacuum 
type for reliability and low inductance. One of 
the two 4-inch panel meters serves as a center 
zero 500-pA tuning phase detectofl and the 
other, a zero-to-one milliameter, serves as a 
multimeter that reads all the currents and low 
voltages. Their layouts are shown in Photos D 
and E. For details of the Pi-L output network, 
refer to Table 2. By today's conventions, my 
unit is pretty large and probably overdesigned. 
However, I intended it to run continuously at 
1500 watts without a whimper! 1 use a low 
velocity axial exhaust fan located at the top of 
the cabinet to enhance cooling. This type of con- 
struction is a near necessity for making IMD 
measurements because of the heat generation, 
and results in higher reliability. The schematic 
of my amplifier is shown in Figure 5. 

Amplifier performance 

By generally following Svetlana's typical 
operating voltage and current guidelines (2.45 
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pulser that siniulates the voice. or two tones- 
in that order of preference. As an alternative 
approximation and a last resort. load up fully 
using a single tone and continue loading 
approximately 10 percent beyond that point 
until a slight power decrease is noted. This will 
only he in effect under single-tone (CW) opera- 
tion: under SSB conditions it will represent the 
maximum linearity and power out because of 
the differing anode impedances between a sin- 
gle tone versus the complex. voice waveform. 
The power output phenomenon. under voice 
operation. is easily verified on an oscilloscope. 
but often overlooked+ausing needless and 
annoying distortion products. 

Initial operation 

There are a few things you can do to make 

initial operation a hit easier and safer. First, 
grid dip the anode tank circuit for the frequency 
of operation. Then. check all circuits for conti- 
nuity. shorts or opens, etc. Next. place a 100- 
ohm. 100-watt resistor in series with the high 
voltage. which I would initially reduce to 
around 1800 volts. 

Insert a 5-k. 20-watt resistor in series with 
the screen voltage, which would also he prelim- 
inarily reduced to 250 volts. Allow proper time 
for warmup. and measure the heater voltage. 
Now. with the anode and screen voltages 
applied and cathode grounded. adjust the grid 
bias andlor screen voltage for approximately 
325 mA of quiescent anode current. Then, 
slowly bring up the grid drive power to a few 
watts and watch for any peculiar meter readings 
or other signs of instability while peaking the 
power out. I f  all goes well, cautiously bring up 
the anode and screen voltages. and the drive. 
and reduce the values of the series current-lim- 
iting resistors until all the normal values are 
ohtained. Of course, make sure to use a good 
dummy load and remember high ~vo l ta~e  kills! 
Altz,a,~.s short the high voltage lead to ground 
after any high voltage has been deactivated, 
and before commencing any other work regard- 
less if the high voltage meter reads zero. It's 
also a good safety precai~tion to work with just 
one hand when any high voltage is on. or even 
if it has been deactivated. 

Conclusion 

The tube performed preciwly to my expecta- 
tion\. and proved it\elf n very cost-effective 
means for providing a stahle legal-limit linear 
amplifier wing a pa\\ive grid input. The trade- 
off\. a \  Littlelield pointed out.' of wing 

C 0.1 1600 volt discs 
C1 0.01 integral to SK3A 
C3  0.00 115 kV Centralab 850 
C3 0.3311 00 volt paper 
C4 0.00 1 1600 volt discs 
R1 Globar Type A. 35 watt, 50 ohm. noninductive 
R2 25 ohms, 50 watts. wire wound (see text) 
R3 25 k. I0 watt. wire wound 
R4 I00 k, 2 watts (fail safe fi)r R3) 
T 1 Audio tr:insformer: 500 ohms. I : I 
D I 1 N9 14 or HP2800 
S I Test/Disahle switch 
Q I 2N3439 or 2N3330 
Q3 2N3002 
D:! 1 N56633 "Transorb for optional spike protection 

Keystone Inrush Limiter type CL-60 negative coefficient thermistor (see text). 

All resistors are I14 watt. except as noted. - 
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Figure 5. PA schematic. 
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tetrodes instead of triodes have become more 
significant in recent years. As a result. tetrodes 
may now be given much more serious consider- 
ation for projects such as mine. Using one in 
the manner described here is a significant way 
to provide a high quality signal. while avoiding 
a number of the common electrical and 
r~icchanic:~l problenis associated with amplifier 
construction and performance. I highly rccom- 
mend its consideration. 
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Svetlana I;lcctron IIe! I C C ~ .  Inc. manul:lcturcr 
of the 4CX I6OOB. The word svetlana means 
light in Russian. which was appropriate enough 
when the company initially produced light 
bulbs. Svetlana is a relatively large, old line 
company, organized in 1898. The company 
began producing electron tubes in 192%. 
Svetlana's vacuum tube engineering and pro- 
duction staff. alone, consists of more than 
2.000 persons. Apparently little was known 
about them until recently. as their production 
was solely for domestic and military consump- 
tion. The company nianufactures a wide variety 
of quality tubes from triodes to pentodes. They 
range in size from the smallest tubec to 
extremely large devices, manufactured under 

r:~thcr imprc\\r\clc \trrct clual~ty control procc- 
dures. For in\tance. Svetlana tubes are 
processed at higher temperatures than those in 
the West. An extensive two year warranty is 
offered and their products. including compati- 
ble sockets. are far more inexpensive than those 
prevailing for similar devices. A number of 
their tube$ are directly interchangeable with 
existing Western types, and more will be com- 
ing out in the future. 

For more information on Svetlana Electron. 
Tnc. and their line of tubes, write: Svetlana 
Electron, Inc.. 8200 Memorial Parkway, 
Huntsville, Alabama 35802. You can also 
phone the company at (800) 239-6900. 
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QUARTERLY DEVICES 
Pin diodes 

P IN diodes are nothing new: commercial 
equipment designers have been using 
them for several years in a variety of RF- 

switching and attenuator applications. 
However, these devices have been conspicu- 
ously absent from RF construction projects 
published in the popular literature. There's real- 
ly no technological reason for this, because PIN 
diodes are easy to obtain and use. In this edi- 
tion of "Quarterly Devices." we'll look at two 
popular low-power switching diodes from 
Motorola that are especially well suited for 
receiver and low-power transceiver projects. 

How PIN diodes work 

The PIN diode is, essentially, a diode switch 
that exhibits progressively less resistance to RF 
energy as forward bias is increased. When fully 
biased, the PIN diode acts like a piece of wire, 
exhibiting a very low-resistance RF path. At 
zero (or reverse) bias, i t  acts like a small-value 
capacitor-exhibiting 40 dB or more attenua- 
tion to signals in the HF or VHF range. Power 
handling ability depends upon the size of the 
diode's internal geometry. A large diode struc- 
ture will exhibit \*cry low forward resistance 
(perhaps 0.1 ohm). This allows the diode to 
handle a lot of RF energy without breaking 
down. However, the larger geometry also 
yields more capacitance at zero-bias-and this 
progressively diminishes the diode's ability to 
attenuate RF at progressively higher frequen- 
cies. A small diode structure has the opposite 
effect. Forward-bias resistance is higher (per- 
haps I .O ohm), and power-handing capability is 
less. However, the small structure yields lower 
capacitance at zero bias, and offers far better 
high-frequency attenuation. When selecting a 
PIN diode, it's important to match diode char- 
acteristics to your application. 

Advantages of PIN diodes 

When it comes to routing RF, PIN diodes 
provide several significant advantages over 
relays and switches. Two of the more obvious 

benefits are physical: PIN diodes can't become 
oxidized by the environment. and they won't 
fail from mechanical wear after long-term use. 
In terms of board layout, you can place PIN 
diodes anywhere without regard for control 
panel location. Leads are short, so their impact 
on high-frequency RF circuitry is minimal. PIN 
diodes fit easily into small RF-tight subenclo- 
sures, and multiple switch points may be acti- 
vated sirnultaneously for complex routing or 
for bandswitching. Perhaps the biggest advan- 
tage, in this age of digital communication. is 
speed. PIN diodes provide much faster switch- 
ing times than electro-mechanical T/R relays- 
making them especially valuable as switches in 
high-speed data or digital-mode transceivers. 

PIN diodes also offer superior switching per- 
formance over conventional small-signal 
switching diodes such as the IN4148 at RF fre- 
quencies. Recent articles document the advan- 
tages and degree of improvement realized from 
making substitutions in commercial 
equipment.l.2 For a more thorough discussion 
of PIN-diode physics and operating characteris- 
tics, read the footnoted articles and refer to the 
PIN-diode section in a recent edition of Tlw 
ARRL Hurzdbook under "Solid State Basics." 

The Motorola MPN3700 and 
MPN3404 

Although some of the more exotic instru- 
mentatioi-grade PIN diodes are a bit pricey for 
casual experimentation, there are a number of 
economical small-signal PIN diodes available 
from foreign and domestic sources. Devices 
like the BAG2 and BA389 are quite popular. 
and have found their way into several low- 
power amateur and commercial products. Two 
offerings from Motorola, the MPN3700 and 
MPN3404. have similar characteristics and fall 
into this category. Both were designed primari- 
ly for VHF bandswitching, but are equally 
applicable to general purpose RF-switching and 
attenuator circuits. See Figures 1 and 2 for 
complete technical specifications. 



Figure 1. Motorola's MPN3700 high-voltage silicon diode. 

f l  CASE 182-02 @ 
CASE 318-07 

TO-226AC TO-236AB 
TO-92 SOT-23 

MPN3700 MMBV3700L 

HIGH VOLTAGE SILICON PIN DIODES 

. . . designed primarily for  VHF band switching applications but  
also suitable for  use in  general-purpose switching and attenuator 
circuits. Supplied i n  a cost effective plastic package for econom- 
ical, h igh-volume consumer and industrial requirements. 

Long Reverse Recovery Time 
trr = 300 ns (Typ) 

Rugged PIN Structure Coupled w ~ t h  W~rebond Construction 
for Opt~rnum Reliabil~ty 

Low Ser~es Res~stance @ 100 MHz - 
RS = 0.7 Ohms (Typ) @ IF = 10 mAdc 

Reverse Breakdown Voltage = 200 V (Min) 

M A X I M U M  RATINGS 

ELECTRICAL CHARACTERISTICS (TA = 25OC unless otherwise noted) 

The MPN3700 and MPN3404 exhibit nearly devices are identical. The MPN3700 carries a 
identical path loss (about 0.7 ohm) when for- reverse-voltage rating of 200 volts, which is ten 
ward biased, and both fit the profile of a small- times greater than that of the MPN3404. From 
signal device-offering excellent high-frequen- a practical standpoint, this means the MPN3700 
cy attenuation, but limited RF power-handling can fend off a bigger voltage hit without break- 
capability. However, this doesn't mean the ing down-a particularly desirable characteris- 
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Max 
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Characteristic 
-- 

Reverse Breakdown Voltage 
(IR = 10 PA) 

D~ode Capacitance 
(VR = 20 Vdc. f = 1 .O MHz) 

Ser~es Res~stance (Figure 5) 
(IF = 10 mA) 

Reverse Leakage Current 
(VR = 150 Vdc) 

Reverse Recovery Time 
(IF = IR = 10 mA) 

Unit 

Volts 

PF 

Ohms 

PA 

ns 

Min 

200 

- 

- 

- 

- 

Symbol 

V(BR)R 

CT 

As 

IR 

trr 

Typ 

- 

- 

0.7 

- 

300 



tic for protecting sensitive receiver front-ends better choice for the transmit side. 
and MOS-amplifier gates. On the other hand, 
the MPN3404 is rated at 400-mW total device 
dissipation, while the MPN3700 is only rated at Biasing PIN diodes 
280 mW. As a result, the MPN3404 can be for- 
ward biased at a higher DC current level and The MPN3404 and MPN3700 pass low-level 
can pass more RF power without breaking RF signals with relatively little forward bias. 
down. For these reasons, the MPN3700 is prob- For signals below +20 dBm, 10 mA forward 
ably a better choice for the receive side of a bias is probably sufficient. However, at pro- 
T/R switch, and the MPN3404 is probably a gressively higher RF power levels-on the 

SILICON PIN DIODE 

des~gned p r ~ m a r ~ l y  for VHF band sw~ tch~ng  appllcat~ons but 
also su~table for use In gpneral purpose sw~ tch~ng  and attenuator 

clrcults Suppl~ed In a cost effectlve TO 92 type plast~c package for 
econom~cal, h ~ g h  volume consumer and ~ndust r~a l  requirements 

Rugged PIN Structure Coupled w ~ t h  W~rebond Construct~on 

for O p t ~ m u m  R e l ~ a b ~ l ~ t y  

Low Ser~es Res~stance @ 100 MHz - 
RS = 0 7 Ohms (Typ)  @ IF = 10 mPdc 

Sturdy TO 92 Style Package for Handl~ng Ease 

M A X I M U M  RATINGS 

Reverse Voltage 

Forward Power D~ss~pat~on @ TA = 25OC 
Derate above 25OC 

Junct~on Temperature 

Storage Temperature Range -55 to +I50 

Figure 2. Motorola's MPN3404 silicon PIN diode. 
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ANTENNA 

cc 

Cc Dl D2 Cc 

I RECEIVE 

+T +R 

RFCI -RFC3 and bypass capacitors, Cb, isolate 
the RF line from DC bias circuitry. DC-block- 
ing capacitors, Cc, prevent bias voltage from 
exiting the various RF ports. Actual choke and 
capacitor values are selected for optimum 
effectiveness at the intended frequency of oper- 
ation. When +R voltage is applied, D2 (the 
MPN3700) is biased on, opening a low-resis- 
tance RF path from the antenna to the receiver 
port. Bias current for D2 is set by the combined 
resistances of R l  and R2. During receive, D l  
(the MPN3404) appears as a very small capaci- 
tance in parallel with the antenna line. When 
+T voltage is applied, D l  becomes biased on, 
opening a low-resistance path from the trans- 
mitter to the antenna port. Bias current for D l  
is set by RI alone. D2 appears as a very small- 
value coupling capacitor to the receiver port- 

Figure 3. Typical PIN-diode T/R switch using the MPN3404 (Dl )  and MPN3700 (DZ). too small to provide significant energy transfer. 
For 13 volts at +T and +R. R1 = 220 ohms and 

transmit side of a PIN-diode TIR switch for 
example-it takes progressively more forward 
bias to keep the PIN junction in conduction on 
RF-waveform peaks. If the diode drops out of 
conduction due to insufficient bias, some very 
nasty things begin to happen. First, harmonic 
and spurious emissions rise rapidly-due to 
rectification and mixing in the diode's PIN 
junction. Second, saturation products that are 
not transmitted as spurs dissipate as thermal 
energy, causing the device to overheat. Third, 
VSWR increases, possibly to the point of desta- 
bilizing the PA. Many a frustrated RF designer 
(myself included) has torn apart perfectly 
healthy RF strips to ferret out spurs and har- 
monics that were actually emanating from the 
radio's PIN diode TIR switch! 

The ultimate power-handling capability of a 
PIN diode is determined by its Total 
Dissipation Rating. The diode dissipates energy 
from two sources; RF conduction loss, and IR 
drop in the DC bias circuit. To measure RF 
loss, replace the PIN diode with a good-quality 
coupling capacitor and note any increase in 
power output on a sensitive wattmeter. To cal- 
culate IR dissipation in the bias circuit, multi- 
ply forward bias current times the voltage drip 
across the device (P = IE). Add the two losses 
together, and you'll have a good estimate of 
how much power your diode must shed as heat. 
In practice, I've found the MPN3404 will com- 
fortably switch up to 5 watts RF into a well- 
matched load at VHF frequencies. This requires 
a forward DC bias level of 60 mA-about max- 
imum for the device in intermittent service. 

A practical PIN-diode T/R switch 

The diagram in Figure 3 illustrates a simple 
PIN-diode SPDT TIR switch using the 
MPN3700 and MPN3404. Molded RF-chokes 

R2 = I k. Maximum RF power level is 5 watts. 
Many other TIR switching configurations are 

possible with these devices. Two diodes may 
be operated in parallel at higher power although 
there is some loss in isolation at higher fre- 
quencies. If more receiver isolation is needed, a 
second PIN switch can be added on the receiver 
side to provide a shunt path to RF ground. It 
addition to TIR switching, the MPN3700 and 
MPN3404 are useful for a host of other appli- 
cations. As mentioned, recent articles advocate 
using PIN diodes in bandpass filter boards to 
replace low-cost PN switching diodes. PIN 
diodes are also useful in a wide variety of other 
passive RF circuits, including RF attenuators 
and phase shifters. Once you start using them, 
you may become hooked! 

The bottom line 

The Motorola MPN3404 and MPN3700 have 
been on the market for some time, so you 
should have little difficulty finding them. 
Experimenters may order in small quantities 
from Newark Electronics at $.98 each for the 
MPN3700 and $.62 each for the MPN3404. 
Large-quantity pricing from Motorola-autho- 
rized distributors runs around $.78 per thousand 
for the MPN3700 and $.42 per thousand for the 
MPN3404. Give them a try. If you come up 
with any interesting applications, 
Communications Quarterly would be happy to 
share it with our readers. 
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Clint Rowman, W9GLW 
Box 282 

Prospect Heights, Illinois 60070 

A LOW-POWER 
20-METER 
TRANSCEIVER 
Attention homebrewers! Here's one 
man 's experimental transceiver. 

I began this project in January 1989 as an 
experiment to construct a 20-meter SSBI 
CW receiver. From time to time. I made 

alterations and additions. The final result is the 
transceiver presented here. The completed unit  
is shown in Photo A. 

The original 5- 114 inch wide enclosure 
remains the same-except for the addition of 
the "penthouse" to accommodate the transmit 
final and driver amplifiers. This alteration iso- 
lated these heat-producing components from 
the VFO, aiding long-term frequency stability. 

Making the circuit boards 

The original "receive only" circuit board 
now includes the transmit modulator, mixer. 
and low-level power circuits (see Photo B) 
needed for transceiver operation. I use the term 
"circuit board" because its electrical traces 
were routed to design specifications using a 
high-speed rotary tool and dental burr. rather 
than an etching process. This fabrication 
method left most of the original copper on the 
board, making the later addition of the transmit 
circuitry easy. 

I have used this method of fabricating circuit 
boards for many years. It is fast, clean, and per- 
mits alterations and additions as desired. With a 
little practice, electrical connections for compo- 
nents such as dual-in-line integrated circuits 
with as little as 0. I -inch mounting centers can be 
readily performed. (Caution: The burrs available 

Photo A. Completed low-power 20-meter transceiver. 

from the rotary tool manufacturers do not retain 
their sharpness and their shanks are too long to 
enable precision manipulation of the tool. Dental 
burrs are far superior for this application.) 

I don't have any formal lab performance 
numbers for my transceiver. However. based 
on observations made over three years of "on 
the air" use, 1 offer the following subjective 
measurements. So far, I've made two-way con- 
tacts with 35 states. 4 Canadian provinces, and 
several European and Central American coun- 
tries. My operation followed a seasonal pattern 
as I alternated residences between Chicago and 
near the Inland Waterway south of Clearwater, 
Florida. Competition from nearby amateur 
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Figure 2. Circuit diagrams of the (A) VFO and (B) BFOIcarrier. (See text for temperature considerations.) 

radio stations, as well as from a myriad of com- 
mercial RF polluters, provided an ideal test bed 
to put the homemade transceiver through the 
"wringer." 

The receiver noise floor is low enough to 
permit detection of atmospheric noise with the 
antenna connected. Desensing or reciprocal 
mixing problems have rarely been observed- 
and certainly not from signals 20 kHz removed 
from the passband. Stability is good. Only 

slight retuning is required at 20-minute inter- 
vals after turn-on, with complete stabilization 
in about 60 minutes. No spurious receive sig- 
nals, birdies, or image responses were detected. 

Transmitter output power is 6 watts on CW, 
and 6 watts peak on SSB. Carrier leakage is 
about 250 pW, or at least 4 3  dB referenced to 
the peak output. Lacking a spectrum analyzer, I 
was unable to measure the harmonic or spuri- 
ous content of the transmitter; however, no har- 



I 1 

l'l~olu It. 'I't~l) \ icu 01' l l ~ c  III;I~II circiiil 1)0:1rd, 111~ IWIIIOIII 01' ~ I Ic,  !<I: ~ I r i \cr ,  
:~ncl thc fin:~l ;ln~plilier. 

monics or spurious signals are detectable while 
viewing my shack TV set. 

Receiver signal path 

A MRF9O I serves as the RF amplifier. 
Altliough the use of such a high-gain UHF 
device may at first seem unorthodox at 14 
MHz. note that the gain is reduced to a point 
where the system noise figure is just below that 
cletcctcd on a 20-meter antenna. Transformers 
T9 and T I 0  (Figure I ) provide impedance 
matching and sclecti\~ity. The MRF90I is under 
AGC control. 

First mixer uses MECL device 

The first mixer is a MECL device (more on 

FRONT PANEL 
TUNING 

M I K E  

C W  SW 

Q RF GAIN 

D W G :  HAL! SIZE 
DEPTH : 6 
POWER SUPPLY: SAME 

1:igure 3. Diagram of the transceiver's front panel. HI: gain cnntrnl was 
dcletcd in fin:il design. 

this Inter). and is f'ollowed by a 2N5 179 IF pre- 
amp strtge. Transformer TI I is tuned to the IF 
frequency o f 9  MHz. The 2N5 179 is operated 
in a cornmon base configur:ltion. The 330-ohm 
collector resistor sets the terminating impccl- 
ance fbr the crystal filter. and is also under 
AGC control. A 3N2.369 IF bufferlpost IF 
amplifier stage follows. The IF amplifier and 
product detector is accomplished via a 
CA3 I I 1 A IC. More on this stage later. 

AGC is audio derived 

An automatic gain leveling amplifier protects 
the receive niixer from widely varying antenna 
signal levels. Similar protection is provided 
after the mixer to the crystal filter. IF system, 
and procluct detector by a second leveling 
amplifier working in tandem with the first. 
AGC is audio derived from the output of the 
CA9 I 1 1 A product detector. A 2N2222 auclio 
anip drives a voltage douhler rectif?er, the out- 
put of which is tiltereel and. in turn, drives a 
3N2322 DC amplifier. The DC amplifier pro- 
vides AGC control voltage to the MRF90I RF 
stage and 9NS 179 IF preilmp. Al one point dur- 
ing development. I includetl an RF gain adjust- 
ment. but I eliminated i t  because i t  offbred no 
improvement in reception. Calibration accuracy 
is enhanced with panel selectable 5. 10, and 50- 
kHz rnarkers deri\led from il 100-kHz standard. 
The %MHz SSR crystal filter. VFO, and 
RFO/carricr oscil1:ltors arc common to the 
receive and transmit circuits. The SSB crystal 
filter is diode switched. 

MC 12002 notes 

The MC12002 is an active niixer similar to 
the LM 1496. I t  is an exceptional device and 
easy to use. Unlike the LMIMC 1496. all bias 
levels itre set internally. resulting in a low 
external parts count. It niay be used as a dou- 
ble-balanced niixer to at least 100 MHz: i t  may 
also serve as a suppressed carrier modulator. 
product detector. or frequency tloublcr. Two of 
these devices arc L I S C ~  in this rig-one as the 
receiver mixer. the other as the exciter DSB 
generator. A cornmon emitter aniplifier. includ- 
ed on one of the ports of the MC 12002. may be 
wed to amplify either the local oscillator or the 
signal source as desired. The MC 12002 com- 
nlon enlitter amplifier in the receiver mixer is 
used at the 14-MHz signa! input. The 
MCI 2002 DSB mixer uses the common emitter 
st:lge for mikc AF amplification. 

LO drive levels from the VFO and carrier 
oscillators are adequate and recluire no further 
omplif'ication. A SO-ohn~ potentiometer. atlded 



Color code Frequency range 

Black;yellow 400 kHz to 600 kHz 
Red 600 kHz to 6 MHz 
Blue;green 6 MHz to I00 MHz 

Table I .  The useful frequency range of the salvaged 
ferrite bobbin cores is indicated hy the color codes 
found on the adjustment cups of the IF transformers 
listed here. 

across pins 5 and 6 of the MC 12002 DSB gen- 
erator, will permit further carrier reduction if 
desired. This was not needed in my unit. 

IF stage and product detector 

The RCA CA2 1 1 l AE (Motorola MC 1357) is 
a broadband 3-stage, 60-dB limiting amplifier 
with a quadrature detector and emitter coupled 
audio output. While intended for FM receiver 
applications, I have found that it performs well 
for SSBJCW reception if one applies a low- 
level carrier (BFO) signal to pin I I for product 
detection. Pin I I provides direct access to the 
quadrature detector circuitry of the device. The 
exact BFO drive level is set via the variable 2.7 
to I0 pF coupling capacitor shown in Figure 1. 

Two precautions must be taken when using 
this circuit: The input circuit (pins 4, 5, and 6)  
must be treated with respect because of the 
overall high gain of the device. Also, the quad- 
rature detector will not tolerate excessive BFO 
voltage at pin 11; in this situation, distortion 
will occur. 

Additional gain can be obtained by moving 
the 4.7-pF capacitor from pin 9 to pin 10, but 
overloading on strong signals may result. The 
LM386 low-power audio amplifier works well 
with the CA2 1 I IAE. The layout I used is almost 
identical to that recommended by the manufac- 
turer. One modification I found desirable was 
the addition of a 0.05-pF capacitor across the 
LM386 speaker output to the ground plane. 

Transmitter summary 

Mike audio is amplified by a fixed gain 
LH I0 l 1C audio amp Amplified mike audio is 
applied to one input of a MECL MC 12002 
active mixer. while the other input is provided 
from the 9-MHz UFO. A 9-MHz DSB signal 
results. The DSB signal is passed through the 
9-MHz SSU filter (diode switched and shared 
with the receiver) where the unwanted sideband 
is removed. A NE602 mixer follows the SSB 
filter, and combined with the 5-MHz VFO sig- 
nal prov~des the desired 20-meter signal. A 
two-stage tuned amplifier follows, reducing the 
frequency, and bringing the desired 14-MHz 

2 0 M  ANTENNA 
4 X / 2  * 
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NOTE: 
ALTERNATE ANTENNA I N  FLORIDA USES "F" TYPE 
CONNECTORS AND RADIO SHACK FOAM TV CABLE 
# 15-1526  

Figure 4. The author's 20-meter dipole antenna. 

SSB signal to a level capable of driving the 
two-stage driver and PA section to an output of 
6 watts peak. A half-wave harmonic filter fol- 
lows the PA stage. 

The heart of the VFO, the 
MC 1648 

The MC 1648 integrated circuit is a 2-termi- 
nal voltage-controlled oscillator. Suitable LC 
circuits will allow a frequency range from 50 
kHz to more than 200 MHz. As a result of the 
saturated nature of the waveform. output ampli- 
tude is almost constant regardless of frequency. 
When used as a VFO, the internal AGC bias of 
the device is altered by applying an external 
voltage to pin 5 .  This changes the square wave 
to a simulated sine wave. An LC parallel-tuned 
circuit at the output provides additional filtering 
of the waveform. Varactor tuning for narrow- 
band service, such as that required by SSBI 
CW, isn't recommended. Internal noise generat- 
ed in a varactor diode translates into an uncon- 
trolled frequency shift that becomes progres- 
sively worse in direct relation to frequency. At 
5 MHz. the shift translates to a delta swing of 
about 50 cps. Accordingly, I use variable L or C 
tuning with the MC 1648. Several modules have 
been constructed for VFO service, as well as 
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calibrated test generators for frequencies from 
below 50 kHz to somewhat over 260 MHz. 

VFO is inductively tuned 

The VFO is inductively tuned (see Figure 
2A). I avoided air dielectric trimmers and tun- 
ing capacitors in order to reduce the possibility 
of microphonics. Of course, frequency stability 
with temperature change is most important. 
There are several ways in which this matter can 
be addressed. First, the VFO should be fabricat- 
ed into a separate housing assembly and mount- 
ed directly to the front panel. (Layout of the 
front panel is illustrated in Figure 3.) It should 
also be shielded from incidental air movements 
and heat producing components such as power 
transistors, bias resistors, and the like. The 
MC1648P operates from 5 volts. A LM340 
voltage regulator provides regulated 5 volts for 
the device. Note that the LM340 is a heat-pro- 
ducing device, and should be mounted away 
from frequency-determining components in the 
VFO housing. 

"Fine tuning" VFO drift 

Remaining drift can probably be reduced by 
focusing on capacitors connected to pins 10 and 
12 of the MC1648. Mica or polystyrene dielec- 
tric capacitors are recommended. Various com- 
binations of NPO and negative temperature 
disc ceramics should be tried for the 82-pF 
capacitor until reasonable long-term thermal 
stability is obtained for the VFO environment. 

Simple tuning mechanism 

The tuning mechanism is quite simple. A 
114-inch diameter brass shaft is coupled to the 
threaded lead screw of coil I* 1 in Figure 2A, 
and brought out through the front panel. A 
knob, numerically inscribed with figures from 0 
to 100 over 360 degrees, completes the assem- 
bly. Covering from 14 to 14.35 MHz requires 
8.76 turns of the knob-or somewhat less than 
an average of 400 cps per dial division. The 
114-inch tuning shaft should be allowed to 
"play" in and out of the panel bushing as the 
tuning slug is adjusted. 

Notes on the NE602 

The NE602, manufactured by Phillips (for- 
merly Signetics), is a Gilbert Cell derived 
mixer designed for cellular telephone service. 
However, it is also useful for a variety of mixer 
type applications. An internal bias network 
eliminates the need for external parts. This 
device has excellent high frequency character- 

istics. I have used it as a down converter to 3 
GHz. I make good use of this device in the 
transceiver to convert the 9-MHz SSB signal to 
14-MHz. 

Bobbin coil forms 

One of the most satisfying aspects of this 
project was the opportunity to put ferrite bob- 
bin cores-salvaged from IF transformers 
found in discarded AM/FM radio sets-to good 
use. The average AM/FM radio will yield 5 or 
6 of these cores, possibly more. The useful fre- 
quency range of these bobbins is indicated by 
the color codes found on the adjustment cups of 
the IF transformers listed in Table 1. 

Winding jig aids assembly 

Winding wire on these diminutive forms is 
somewhat awkward, but it can be done with a 
little patience and preparation. I use a simple 
tool consisting of a spring-loaded wooden 
clothespin with "V" grooves cut into the oppos- 
ing jaws to grasp one of the flanges while the 
winding progresses. Don't be concerned with 
neatness; scrambled windings work fine. 
However, all windings should be made in the 
same direction on each form and the indicated 
startJend sequence should be maintained per the 
schematic from which you are working. I find 
these bobbins much easier to wind than toriodal 
cores. They exhibit the same self-shielding ben- 
efits, and the coefficiency of coupling of wind- 
ings appears to be better. These cores are not 
suitable for power applications because they 
will saturate at con~paratively low values of 
direct current flow or RF. 

Coils and transformers made with these 
cores are so small and light that they can be 
secured by their leads. A drop of candle wax 
will also seal these assemblies and hold them 
firmly in place. Just image an RF coil for 160 
meters that's so small you hardly notice it on 
the circuit board! 

Alignment procedure, start with 
the VFO 

Alignment can be performed without a signal 
generator; but, you will need a frequency 
counter or calibrated, general coverage receiv- 
er. For the VFO, begin by turning the knob 
fully counterclockwise, until the shoulder of the 
iron core just contacts the coil form bushing. 
Now, position the coil on the form so the lead- 
ing edge of the core just enters the coil. Then 
spread the turns of the coil evenly so that with 
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Figure 6. Predriver amplifiers. 

9 clockwise turns of the tuning knob, the core 
still remains confined within the coil. 

The ratio between trimming coil L2 and its 
associated trimming capacitor determines the 
number of turns the tuning knob requires to 
cover the VFO range of 5.0 to 5.35 MHz. L l ,  
L2, and the trimming capacitor together will 
determine the location of the VFO frequencies 
(converted 20-meter frequencies) on the knob 
scale. Coil L3 and its associated trimming 

capacitor should be peaked at about 5.175 MHz 
using as high an L to C ratio as possible. 

BFO 
The BFO oscillator shown in Figure 2B is 

2N5 179 stage. The BFO crystals are diode 
switched and selected by a front panel slide 
switch. A winding on transformer T8 provides 
link coupling output from the BFO. 



Initial BFO settings occurs. No additional adjustments are made at 
this time. 

For the BFOIcarrier alignment, set the crystal 
slide switch to activate the 8998.5-kHz crystal look for regenerative conditions 
circuit. Slowly adjust the trimmer capacitor 
associated with transformer T8 until oscillation With both the VFO and BFO activated, the 

Figure 7. RF driver and final amplifier assembly. 
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Figure 9. Marker generator schematic. 

the 9-MHz signal to pass through to the mixer 
output. The CW key is connected in series with 
this 2.2-k resistor, and grounds it on contact 
closure. Transformer T7 is peaked approxi- 
mately midway between 8998.5 and 9001.0 
kHz. The VFO and BFOIcarrier frequencies 
should not shift more than a few cycles 
between receive and transmit. These oscillators 

should be checked with a frequency counter for 
unwanted "pulling." 

Do not overdrive the BFO carrier injection 
applied to pin 2 of the MC 12002 DSB modula- 
tor. This is set by a 2.7 to 10-pF trimmer capaci- 
tor. (With the key jack open, and no voice mod- 
ulation, final power output must be a bare mini- 
mum.) Also, be sure that the NE602 mixer stage 
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Figure 10. Power supply diagram. 

isn't overdriven. Look for signs of flat-topping 
on the outputs of the MC 12002 and NE602 
mixer stapes using a good oscilloscope. The dri- 
vers and PA stages may have to be shut off to 
observe the low level signals at these points and 
to eliminate stray pickup by the scope probe. 
The VFO injection level for the NE602 is set by 
a series 2.7 to 10 pF capacitor on pin 6. 

Pin 4 of the NE602 transmitter mixer is 
extremely vulnerable to unwanted feedback 
from the large amount of in-line gain and high 

signal levels presented by the transmitter power 
chain. I suggest DC decoupling of common 
source lines as shown in Figures 6 and 7. Good 
layout and shielding are a must. 

Tuned stages are used in 
predriver 

The transmitter predriver amplifiers are 
shown in Figure 6. Transformers T4, T5, and 



Figure 11. Voltage distribution diagram. 

T6 should be stagger-tuned to produce constant 
output across the 20-meter band. Transformers 
T4 through T6 provide rejection of the trans- 
mitter image frequency at 7 MHz. Transistor 
2N5 109 operates as a Class "A" amplifier. The 
2N3866 also operates in a linear mode. 
Accordingly, the bias resistor (R3) may need to 
be changed from the nominal value of 82 ohms 
to achieve best linearity. Heat sinks are 
required for bot transistors. Linearity can be '1 tested by using a two-tone test oscillator and 

oscilloscope. Refer to The ARRL Handbook for 
details on this procedure. 

Push-pull stages are used in 
driver a n d  PA 

The RF driver and final amplifier stages are 
shown in Figure 7. This is a broadband linear 
amplifier assembly; no tuning is required. The 
82-ohm bias resistors may need to be altered 

Communicohons Quarterly 8 1 



for best linearity due to gain tolerances nllowed 
during manufacture of the transistors used. 
Heat sinks are necessary for both sets of tran- 
sistors. Note the amplifiers are run in a push- 
pull configuration, providing improved even- 
order harmonic suppression and easing the sec- 
ond harmonic rejection burden placed on the 
output harmonic filter. 

I've been using an identical assembly for the 
past I0 years as the driver for a pair of 
Motorola MRF454 power transistors running a 
peak input of about 250 watts. For more infor- 
mation. see Motorola application notes AN762 
and AN779. 

LP filter and antenna relay 

The low-pass filter and antenna switch are 
shown in Figure 8. This half-wave low-pass 
filter has a cutoff frequency of about 16 MHz. 
A Radio Shack no. 275-249 DPDT relay serves 
well as the antenna relay (RE?). The marker 
generator is shown in Figure 9. 

Power supply 

My base station power supply is shown in 
Figure 10. Note that there is no short circuit 
production or current limiting provided by this 
simple design! I have built several supplies 
using this basic circuit as a model. and all have 
performed completely to my satisfiiction. 
However. care must he taken when using this 
circuit. Accidental shorts will surely result in 
device failure. A fast-acting 6-amp fuse should 
be used in line with the 13.8 volts DC output. 

Voltage distribution for the various assem- 
blies of the transceiver are covered in Figure 
11. Note the LM3 17 regulator IC provides 9 
volts for the VFO and RFO circuits. as well as 
various RX and TX circuits. The regulated 9 
volts is also fed to TS-an LM340 regulator, 
which provides 5 volts for the MC12002 RX 
mixer. (The 5 volts for the MC12002 DSR gen- 
erator is produced via a 5-volt Zener.) This fig- 
ure is included as a convenience-to facilitate 
repairs or alteri~tions. and for clarification of an 
important point. In this design, the push-to-talk 
(PTT) switch on the handheld microphone con- 
trols transfer of voltages between the receiver 
and transmitter sections via the contacts of 
DPDT relay RE1 (another Radio Shack no. 
275-249 relay). The 13.8 volts for the driver 
and final amplifier stages is fed direct and is 
not switched. 

Postscript 

No circuit board drawings are available for 
this transceiver. The boards have undergone 
constant revisions over the years, and continued 
experimentation will undoubtedly yield more 
changes as time passes. My transceiver was 
basically conceived of as a one-of-a-kind rig. 
and i t  has never been my intent to present i t  for 
others to build. Rather. the intent of this article 
is to stimulate amateur construction on a level 
above that of simply making a carbon copy 
clone of the material presented. I assume how- 
ever. that anyone attempting this circuit has 
experience in troubleshooting and aligning 
QRP SSR transceivers. 

PRODUCT INFORMATION 
Hex-Wik Desoldering Rraid For more information contact The Tool 

The Tool Resource has made available the Resource, P.O. Box 1 106. W. Dundee, IL 601 18 
Hex-Wik desoldering braid. The Hex-Wik desol- (PhoneIFax: 708-468-0849). 
dering braid works quickly while safely desolder- 
ing components from PC hoards and terminals. New HMS042 Curve Tracer 
The braid removes the solder so that the desolder- Hameg Instmments, Inc. has introduced the 
ing joint is left clean and ready for resoldering. HM8042 Curve This is a module that 

plugs into Hameg's HM8001-2 Mainframe Power 
Supply and is used in conjunction with any oscil- 
loscope that has X-Y display capabilities. It can 
test diodes, transistors. FETs and thyristors. The 
instrument is microprocessor based, and measures 
and displays characteristic curves of semiconduc- 
tor devices. Digitized data is used to generate a 5- 
curve, flicker-free X-Y oscilloscope display. A 4- 
digit LED numeric readout indicates parametric 
data. 

For additional hmeg toll- 
free at 800-247- 1 
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TECH NOTES 
Antenna dreams for snowbound 
hams 
I know it's February, and there's still too much 
ice on the roof to climb up and check on how 
your antennas have fared during the winter 
thus far. However, it's never too early to begin 
plarzrzirzg this year's antenna farm. 

In this installment of "Tech Notes," you'll 
read about a triband antenna, coaxial cable 
traps, a VHF/UHF combiner for mobile use, 
and a direction finding method. Enjoy! 

Peter Bertini, K I D H  
Senior Editor 

Triband Dipole 

Reprinted from Technical Abstracts 
Gil Sones, VK3AU1, Editor 
Amateur Radio 
May 1994 

A simple triband dipole was described in the 
Swiss magazine Old Man for February 1994 by 
Robert Kagi, HB9KL. The dipole consists of 
parallel 80 and 40 meter dipoles with 15-meter 
operation using the 40-meter dipole as three 
half waves. 

Of interest is the shortening of the 80-meter 
dipole by folding back the ends. Some adjust- 

, ment of the length would be required in VK as 
our band is different. The 80-meter section 
being resonated at 3.7 MHz would require 
some extra length to lower the frequency for 
local use. 

The spacers used were plastic and some care 
would be needed to select a plastic which is not 
too badly affected by ultra-violet light. An 
alternative would be to use dowel or canes, 
possibly with plastic insulator tips. The pipes 
used in garden watering systems may provide 
suitable materials. 

The antenna was built with 400 mm spacers. 
The center was supported I 0  meters off the 
ground and it was hung as an inverted Vee with 
an included angle of 1 15 degrees. This means 
the ends were approximately 2 meters off the 
ground. 

The total length of the 80-meter section was 
42.48 meters for a frequency of 3.7 MHz. The 
length of the 40-meter section was 20.18 
meters for a frequency of 7.05 MHz. 

To adjust lower in the band, lengthen the 80- 
meter section by around 2 meters and prune to 
get a suitable resonance point in our band. This 
will only be around a meter overall as the ends 
are folded. 

BALUN 1 :1 4 I 
4 0 m  DIPOLE 

r = ISOLATOR 

I I 

Figure 1. Triband dipole. 

A bandwidth of 142 kHz was obtained on 80 
meters and a bandwidth of 255 kHz on 40 
meters. The bandwidths on both bands were for 
an SWR of 2: 1 .  At resonance an SWR of 1.05 
was obtained at 3.7 MHz and an SWR of 1.1 
was obtained at 7.05 MHz. A 1: l balun was 
used at the feedpoint and one of the current 
balun designs that uses ferrite beads would be 
suitable. 

Figures were not given for 15 meters, but the 
bandwidth should be reasonable. Some com- 
promise may be needed between the 40-meter 
center frequency and the 15-meter center fre- 
quency, but this should be fairly easy. 

The antenna is shown in Figure 1. 

Coaxial Cable Traps-In Search of 
the Perfect Antenna 

Paul Dufi VK2GUT 
Reprinted,from Amateur Radio 
October 1993 

Ever hear the one about the amateur who 
pulled down all his antennas and never got 
around to putting them up again? About two 
years ago, I got fed up with trying to get out on 
80 meters with a dipole 20 feet off the ground 
and no decent earth. A change of QTH seemed 
the perfect chance to look at my options, espe- 
cially as the new site, a small semi in the sub- 
urbs, had very little ground space. What I really 
wanted was an antenna which was easily built, 
easily mounted and demounted, easily matched, 
had broad multiband function, and an omnidi- 
rectional pattern of radiation. It also had to be 
portable. 

See why I never got back on the air? 
Last year, however, I got my full call and, 

fired with enthusiasm, I tackled the problem 
afresh. A multi-trapped vertical, chimney 
mounted and fed with open-wire line via a trans- 
match, such as the Z Match, seemed to fill most 
of my criteria except for the broadband response 
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Figure 1. Basic coax trap. 
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Figure 2. Coax also forms coil. 

Figure 3. Inner plus outer in series. 

and ease of construction. Every design that 1 
came across seemed to be a mass of high-volt- 
age capacitors, difficult to tune coils, and hard to 
shape phenolic spacers. That was when I came 
across the idea of using coaxial cable in traps. 

Theory 

The most basic coaxial cable trap uses the 
coaxial cable as a capacitor, see Figure 1. This 
is simple, but cumbersome, and offers no great 
advantage over a standard trap. 

The idea of using the coaxial cable as both 
coil and capacitor first appeared in &ST in May 
198 1, see Figure 2. The shield acts as the coil. 
The inner conductor, because each turn is 
shielded from the next, has no more inductance 
than a straight wire of the same length, but the 
coaxial cable still maintains its inherent capaci- 
tance. The result is a much more elegant trap, 
but electrically it has little more to offer than 
the simple trap. The electrical equivalent is 
shown jn Figure 2. 

In Ham Radio for October 198 1,  Gary 
O'Neill, N3G0, described a coax trap, Figure 
3, which looked the same but, in fact, was very 
different. This I have tried to represent in the 
circuit diagram. In this trap, the shield and the 
inner conductor are magnetically linked and the 
current thus induced means that this circuit has 
much more inductance than that in Figure 2. 
This current, however, changes the whole 
phase arrangement of the capacitive element 
which also consists of the shield and the inner 
conductor. The result is that the capacitance 
decreases in direct proportion to the increase in 
inductance. If the coupling is perfect, which it 
nearly is, the inductance is increased by four 
and the capacitance is decreased by four, but 
the resonant frequency stays the same (refer to 
&ST, August 1985). 

To follow why these traps are superior, you 
may refer to the equations in Table 1. 

The perfect trap would give 100 percent iso- 
lation across the band of interest and 100 per- 
cent conduction outside that band. An adequate 
trap, being one which will give an SWR less 
than 2: 1 across the band, must provide at least 
7 k of isolation at the band edges. This band- 
edge impedance is directly proportional to the 
reactance at resonance of either the coil or the 
capacitor (see Equation 1 in Table 1). This is, 
in turn, directly related to the inductance (see 
Equation 2 in Table 1). But below 30 MHz, 
the losses from a trap are all from the coil. If 
these losses are represented as a resistor in par- 
allel with the trap, then a lossless trap will have 
infinite resistance and a lossy trap will have a 
low resistance. 

Design 

Again refer to Table 1. If you can synthesize 
Equations 3,4, and 5 to give a value for n for a 
given value of L, Co, D, Fo, and t, then you are 
better at mathematics than I am. For those of 
you like me, a simpler answer is to program 
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your computer to substitute for values of n 
using a forlnext loop until a given value o f f  is 
reached. In writing such a program, two points 
should be noted. The first is that D+t is used as 
the coil diameter rather than D+2t so as to give 
the mean coil diameter-and this works well. 
The second is that a value of D should be cho- 
sen to provide the shortest length of coax possi- 
ble in the coil as this will reduce losses to their 
minimum. This occurs when the denominators 
in Equation 3 are equal. That is, when (D+t)lnt 
= 2.22. In reality, any value between 2.5 and 
1.0 provides an acceptable coax length (see 
QST, December 1984). A BASIC program for 
the C64 is given in Table 2. This should be 
adaptable to other computers. A set of opti- 
mized trap dimensions is given in Table 3. 

Construction 

-J(Xo) z = 
(FIFO) - (FOR) (Equation 1) 

Xo = 27cFoL (Equation 2) 

(D+t)'n2 
L = 18(D+t)+40nt (Equation 3) 

C =  
Cozn(D+t) 

12 (Equation 4) 

1000 
Fo= - 

2 n d ~ ~  MHz (Equation 5) 

All lengths in inches (with apologies) as sourced from U.S. 
articles and books. 

Xo = reactance at resonance of either the 
inductor or capacitor 

L = inductance 
C = capacitance (total) 
Co = capacitance of coaxial cable per foot 
F = operating frequency 
Fo = resonant frequency 
Z = tuned circuit impedance 
n = number of turns (assume close wound) 
t = thickness of the coax with insulation on 
D = inner diameter of the coil 

Construction is easy if you just follow the 
steps below: 

1. Choose a former of suitable diameter 
white PVC pipe and cut a short length. 

2. Drill a hole for the coax near one end of 
the former. 

3. Cut a piece of coax 6 cm longer than the 
calculated length needed for the coil. Strip 3 cm 
of cover from each end. 

4. Insert one end of the stripped coax into the 
drilled hole on the former. Tightly coil the insu- 

5.  ark the point on the former where the 
coax insulation finishes. Do not worry too 
much if this does not exactly correlate with 
your calculated value of n. 

6. Remove the coax and drill a second hole 
at the marked spot. 

7. Separate the exposed braid and conductor 
back to the insulation. Strip and trim the inner 
conductor as necessary and then rewind the 
coax trap. Finally, solder the braid at one end to 
the conductor at the other. 

The result should dip very closely to the 
required frequency, but if any fine tuning is 
required this can be done by slightly separating 
the turns of the coil before applying glue to fix 
them in place. 

~ ~ b l ~  1. parameter equations, 

- 
10 PRINT "FORMER DIAMETER :ENTER D 
20 PRINT "COAX THICKNESS IN INCHES" :ENTER T 
30 PRINT "COAX CAPACITANCE IN pF PER FOOT" :ENTER Co 
40 PRINT "DESIRED FREQUENCY IN MHz" :ENTER U 
100 FOR N = 1 -500step0.25 
200 L = ((D = T)EXP2*nEXP2)/( 1 8*(D*T)) = (40*n*t) 
300 C = Co*3.142*n*(D = 0112 
400 f = 1000/2*3.142*(sqr(D = t)) 
500 IF f<=X THEN GO TO 700 
600 NEXT n 
700 PRINT "NUMBER OF TURNS EQUALS" :N 
800 PRINT "COAX LENGTH EQUALS" :N*(D + t)/2.54:"mmW 
900 END 

lated length of the coax around the former. 

Table 2. C64 BASIC program to calculate trap dimensions. 

Conclusion 

The potential uses of such a simple device 
are endless. My own plans are to build a top- 
loaded vertical for 80 through 10 meters for 
under $60. Multiband dipoles not requiring an 
ATU, dual or triband beams. or simple dual or 
triband mobile use would be easy to build. 
Experiments with miniature coax may extend 
their use to VHF at least at low power. I can 
see these traps being the basis of antenna pro- Table 3. Dimensions of optimized traps used RG58CAJ coax and 
jects for years to come. commonly available PVC formers. 

Frequency Former ID Former OD Turns Tight 
(MHz) (mm) (mm) Wound (n) 

3.6 70 75 10.2 
7.1 60 64 6.8 

14.2 40 44 5.5 
21.5 32 36 4.75 
28.8 3 2 36 3.75 
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VHF/UHF Combiner for Mobile Use found no shielding partitions were necessary 

Ian Keenan, VK3A YK 
Reprinted from Technical Forum 
with John Walker, ZL3IB 
Break-In 
March 1994 

The function of the antenna combiner is to 
provide rejection or isolation of the opposite 
band in use. 

Looking at the circuit (Figure I), the opera- 
tion of the combiner is quite straightforward. 
There are two discrete filters, one for each band 
of operation. The outputs of each filter are con- 
nected in parallel for connection to the antenna. 

Filter 1 is a low-pass filter, allowing a VHF 
signal to pass almost unobstructed to the anten- 
na, but providing a high-impedance path for 
any UHF signal. 

For UHF, filter 2 is a high-pass type allow- 
ing UHF signals to pass, but inhibiting the pas- 
sage of any VHF energy. 

Construction 

The device was built into a die-cast box 
approximately 1.5 by 1.25 by 2 inches in size. 
A small piece of printed circuit board was cut 
to fit neatly jnto the bottom of the box. This 
was then bolted to the bottom of the box. The 
screw heads were countersunk into the box. 
The nuts, after being tightened, were then sol- 
dered to the circuit board to provide a good 
electrical earth. 

The capacitors and inductors are supported 
entirely by their own leads. They are soldered 
directly to each other and to the circuit board 
where required-no standoffs are used. The 
inductors should be mounted at right angles to 
each other. This will significantly reduce mutu- 
al coupling and provide greater isolation. I 

provided this was done. 
Component details are an indicated in 

Figure 1. For coils, 18 gauge tinned copper 
wire was used. All coils are close wound-with 
sufficient space so adjacent turns do not touch. 

It is extremely important that 600 volt NPO 
disc ceramic capacitors are used. All component 
lead lengths (inductors and capacitors) are kept 
as short as practical-in effect, just long enough 
for the components to touch so they can be sol- 
dered. Remember, this is a VHFIUHF circuit! 

I preferred to use chassis-mounted coaxial 
connectors. This facilitates an easier and more 
compact unit, as the start of each filter element 
for both bands can be soldered to the rear of the 
coax connector. Coaxial cable flying leads 
could be used (as do the commercial combin- 
ers) with suitable holes drilled in the box. The 
cable braid should be neatly trimmed and 
tinned, then soldered to the circuit board with 
suitable coax connectors at the other end for 
connection to the transceiver. Small standoffs 
should be used inside the box to support the 
coax center conductor where it is attached to 
the filter components. Keep the leads short! 

Testing 

Now comes the most important part-the 
testing. Check the unit and observe that all the 
wiring is correct. 

Connect a nonreactive 50-watt dummy load 
to the VHF port at the combiner. Connect a 
sensitive UHFIVHF power meter terminated in 
a 50-ohm load to the UHF port. Then connect a 
146-MHz power source (transceiver) to the 
antenna connector of the combiner. Key the 
transmitter on and read the power on the meter. 
It should be at least 40 dB down on the VHF 
power level (i.e., 40 dB is a power ratio of 
10,000 to I). Therefore, for 50 watts at the 

3 x 2.2 PF 

L1 L2 L3 

-- 

I 
FILTER 1 I FILTER 2 
L1 ,L2.  L3- 3.5 TURNS I L4 8 L5- 1 TURN WOUND ON 
WOUND ON 5 mm DRILL BIT. I A mm DRILL BIT. COlL 
COIL LENGTH 7 mm. LENGTH 5 mm. 

Figure 1. Schematic diagram of the combiner circuit. 
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antenna port, there should be in the vicinity of 
5 mW or less observed on the power meter. If 
you feel it is necessary, try slightly squeezing 
or expanding the inductors associated with the 
high-pass filter section to optimize the above 
figure. This is not usually necessary. 

Next, connect the dummy load to the UHF 
port of the combiner and the 50-ohm power 
meter to the VHF port of the combiner. Apply 
RF power (50 watts) at 440 MHz to the antenna 
port of the combiner and observe that the 
power level is at least 40 dB down. 

Finally, check the insertion loss. It will prob- 
ably be around 1 dB. This is done by connect- 
ing the power meter to the antenna port and 
applying a known power level to the appropri- 
ate VHF and UHF ports, respectively, and mea- 
suring the result. The loss for a power level of 
50 watts should be around 10 watts. 

When carrying out all of the above, try plac- 
ing the lid on the die-cast box to make sure 
there are no violent changes in performance- 
indicating a possible problem. 

Specifications (measured) 

Insertion loss-approximately 0.8 to 1 dB 
(VHF and UHF) to antenna. 

Attenuation--45 dB at 400 MHz for the low- 
pass filter. Around 44 dB at 149 MHz for high- 
pass filter. 

Test instrument used-Wiltron Network 
Analyzer. 

Conclusion 

Commercial dual-band antennas for mobile 
use are available. To save money and retain 
what I think is a fairly modest antenna, I use a 
2-meter quarter-wave whip. This whip is har- 
monically related to the 70-cm band and works 
reasonably well. RF power levels of 50 watts 
should not be exceeded. The unit has been run- 
ning now for a number of months with no sign 
of problems. 

Determining True North Accurately 
Without Instruments 

D.R. W. Hutchinson, M(SA)IERE 
Condensed and Reprinted from 
RADIO ZS 
November/December 1993 

I have known the magnetic axis of the needle 
on a cheap compass to be 5 degrees or more out 
of alignment with the geometric axis. 
Additionally, the compass is influenced by the 
proximity of large ferrous masses such as the 
galvanized iron roof of your house. Even 
assuming that you have a good compass and no 

large masses of iron nearby, once you have 
found magnetic north you can only find true 
north if you know the magnetic deviation for 
your area. 

The method I am going to describe, utilizing 
the shadow cast by a rod, requires only the rod 
(a long knitting needle will do), a piece of thin 
string, a nail or pencil, and a level surface. It 
can be used anywhere in the world where the 
sun shines. 

An original method 

I think my method is original. I have certain- 
ly never seen it in print. The theory behind it 
goes like this. The length of a shadow cast by a 
thin vertical rod at 't' time before local noon 
will be exactly the same length at the shadow 
cast by the same rod at time 't' after local noon 
and the line bisecting the angle produced by the 
two shadows from the base of the rod, will lie 
exactly north-south. From this can be derived a 
method which will give true north in which no 
exact measurement is required. You don't have 
to know how long the rod and its shadow are, 
nor do you have to have a watch, let alone a 
chronometer. 

Start the hour or so before noon (the earlier 
the better). Find a level piece of ground-] lev- 
eled an area about 3 feet square in an empty 
flower bed-and push the rod into the center of 
the side nearest the sun, so that it casts a shad- 
ow across the leveled area. For real precision, 
check that the rod is vertical with a plumb line. 
Mark where the end of the shadow falls. Make 
a loop in one end of the string and slip it over 
the rod and tie the large nail or pencil to the 
other end of the string so that it can be used to 
describe an arc across the level piece of ground. 

Go away 

Now go away and see what's happening on 
15 or 20 meters for an hour or so, but keep 
checking to see whether the afternoon shadow 
has reached the line of the arc. As soon as it 
does, mark the point where it touches the arc. 
The two points marked on the arc and the base 
of the rod form the angle to be bisected. This is 
done by moving the rod first to the point at the 
end of the morning shadow, describing a small 
arc with the nail or pencil remote from the 
point where the rod was originally pushed in, 
then moving the rod over to the point at the end 
of the afternoon shadow and making a second 
small arc to cut the first. 

Straight line 

A straight line drawn between the point 
where these two arcs intersect and the point 
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where the base of the rod was originally. will 
lie north-south. The accuracy of the hearing 
will depend on the accuracy of your geometri- 
cal construction hut should be. nt worst. +2 
degrees. 

Southern Hemisphere 

In the Southern Hemisphere. below 
Capricorn, north will he towards the original 
position of the rod and vice versa in the 
Northern Hemisphere above Cancer. In the 
tropics i t  will depend on the tinie of the year. 
hut you should havc some idea of where north 
is-the final line will lie north-south. but you 
will have to work out which end is which. 

Semi-permanent indicator 

I extended the line I scratched on the flower 
bed on to the adjacent garden path with a line 
of paint to give me a semi-permanent indicator. 

I f  you would like a more permanent record. 
cast a small slab of concrete before you start 
and use that as your level surfrice. smoothing 
out all the construction marks and leaving the 
north-south line. which you can enibellish as 
you think fit. 

I f  you haven't got a garden, the procedure 
can be carried out on any level flat surface-an 
odd piece of plasterboard on a table near a win- 
(low for instance-but if you do use a loose 
level surface. make sure that i t  doesn't move at 
any time during the operation. I f  i t  docs. you 
will havc to start again. 

Now you know! 

Well., now you know just where North is, so 
you can set up your beam and he reasonably 
sure that you know where it is pointing. 

Tllis trr?ic.le origir~crl!\~ rtrri iri rho No\,ct?lh~r 
I969 iss~rr of RADIO ZS. Ed. 

PRODUCT INFORMATION 

TP-3200 Shared Repeater Tone Panel TP-3200 is available for immediate delivery 
Conimunications Specialists, Inc. has from stock. A catalog is available on request. 

announced the availability of their new Shared For more information, contact 
Repeater Tone Panel, model TP-3200. The unit Communications Specialists. Inc., 426 West 
is the complete tone and control interface Taft Avenue. Orange, CA 92665-4296: or 
between the repeater receiver and transmitter. It phone: 800-854-0547: Fax: 800-850-0547 
supports 157 repeater subscribers in CTCSS (USAICanada); 7 14-998-302 1 ; Fax: 7 14-974- 
and DCS signaling formats. 3420 (Int'l). 

The menu driven RS-232 programming is 
accomplished locally by computer or remotely 
with a modem over landline. DTMF program- QUALCoMM Introduces Power 
ming on the repeater channel is also included. GHz Phase-l~ocked 1 2 0 0 ~  

The TP-3200 is available in Desk Top or Rack 
Mount versions and is priced at $279.95. The QUALCOMM Incorporated. VLSl Products, 

introduced the new Q32 16 Phase-Locked Loop 
(PLL) Frequency Synthesizer, a high-speed. 
low-power, single chip solution for high perfor- 
mance communications systems. The Q3116 
PLL can interface with various system controls. 
I t  supports three modes of digital processor 
interface including 8-bit bus. serial loading and 
16 TTLICMOS-compatible parallel inputs. 

Z '  For further information, contact James 
Botdorf, Marketing Supervisor. VLSI Products 
at 6 19-597-5005. 



Dick Weber, PE, KSIU 
2 Hickory Creek Drive 

P.O. Box 44 
Prosper, Texas 75078 

AERODYNAMIC 
BALANCING: PART 2 
More on Yagi antennas with slightly 
drooped horizontal elements 

I n part 1 of this article, I discussed wind load- 
ing, torque, and boom balancing. In this sec- 
ond and final part, I continue my discussion 

of aerodynamic balancing by addressing imbal- 
ance due to elements, element torque balancing, 
the design and use of an offset mast and side 
arm mounted Yagis. I'll end with a summary of 
information presented in both parts 1 and 2. 

Imbalances due to elements 

Any attempt to correct an imbalance due to 
elements should only be tackled after all possi- 
ble measures have been taken to balance the 

hoom. Assuming that the boom has been bal- 
anced, what measures can you use to minimize 
an imbalance due to elements where there is a 
boom-to-mast offset? One method is to build 
the antenna without a boom-to-mast offset. 
This is easier said than done; but a special 
boom-to-mast mounting arrangement can, with 
some difficulty, be built. 

Let's consider the two antennas shown in 
Figure 1. Both have balanced booms with 
Antenna I having a net element projected area 
of 6 square feet and Antenna 2 having 8 square 
feet. Both have a 3-inch offset. Using a wind 
speed of 50 mph, Graph 1 shows the mast 

Figure I. Two balanced boont antennas. Antenna 1 (Ael) has 6 square feet; Antenna 2 (Ae2) has 8 square feet. 
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torque for each antenna. The antennas are Consider a typical tower installation that 
mounted as shown in Figure 2. Note the rela- may have two antennas like these, or larger, 
tively low torque levels for each. Because a mounted on a common mast. With two anten- 
typical amateur antenna rotor is capable of pro- nas mounted on a common mast, there's an 
ducing 800 inch-lbs. of torque, there should be opportunity to mount them in such a way that 
no problems turning either of these antennas in element torques from individual antennas coun- 
high winds. teract. Graph 2 shows two cases. In the first, 

- - 
L 

L 

WIND 

ANTENNA 1 ANTENNA 2 

Figure 2. Antenna 1 and Antenna 2 mounted on the same side of the mast. 
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Graph 2. Net torque for antennas mounted to the same side of the mast compared with antennas mounted to opposite sides of the mast. 

both "boom balanced antennas are mounted reduction in the mast torque. When two anten- 
on the same side of the mast, as shown in nas are mounted on a common mast, placement 
Figure 2. In this case, the torques due to boom- is a simple matter. They should be mounted on 
to-mast offsets for the individual antennas add. opposite sides of the mast. 
In the second case, shown in Figure 3, the From a mathematical viewpoint, one deter- 
antennas are mounted on opposite sides of the mines Te for each antenna and sums the results 
mast. Here, the torques counteract and yield a in a manner that depends on the mounting 

- - - - 
WIND 

ANTENNA 1 ANTENNA 2 

Figure 3. Antenna 1 and Antenna 2 when the antennas are mounted on opposite sides of the mast. 
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Figure 4. Mast side placement of antennas. 

Antenna S (ft) Ae (sqft) S Ae (cuft) 

0.25 2.000 
0.25 4.5 1.125 

Tahle I. Antenna "S Ae" values. 

Simplification provides: 

Tes = 1.2 P cos2(ang) (S 1 Ae I + Se Ae2) (3) 

where: 

Tes = total torque due to elements, antennas 
..-..----.. - ~ - .  

mounted same side 

scheme. Equations for Te for each antenna fol- When the antennas are mounted on opposite 

low the form of Equation 22 from part I .  sides of the mast, as in Figure 3, the total 
torque due to the elements is obtained by find- 

Tel = 1.2 S 1 Ael P cos2(ang) ing the difference of the two contributors fol- 
lowing the sign convention in Figures 11 and 
19 nf nart  1 Thic r ~ c 1 1 1 t ~  in Ennntinn A In wnere: 

Tel = torque due to elements on antenna 1 
S1 = antenna 1 offset 
Ael = antenna l net element projected 

area 

where: 

Te2 = torque due to elements on antenna 2 
S2 = antenna 2 offset 
Ae2 = antenna 2 net element projected 

area 

When antennas are mounted on the same 
side of the mast, as shown in Figure 2, the total 
torque due to elements is found by summing 
the contributions from both antennas as shown 
in Equation 3. 

Tes = Te1 + Te2 

Tes .= 1.2 S 1 Ael P cos2(ang) + 1.2 S2 Ae2 
P cos2(ang) 

-, .,' ',-. . . - ."" ... Iql..l-V.. .. -.. 
Graph 2. plots for values of Tes and Teo as a 
function of angle (ang) show that a reduced 
torque can be achieved by mounting the anten- 
nas on opposite sides of the mast. 

Teo = Te2 - Tel 

Teo = 1.2 S2 Ae2 P cos2(ang) - 1.2 S l Ael 
P cos2(ang) 

Simplification provides: 

Teo = I .2 P cos2(ang) ( S2 Ae2 - Ael ) (4) 

Teo = total torque due to elements, antennas 
mounted opposite sides 

What if there are more than two antennas? In 
cases with more than two antennas, a mounting 
arrangement can be found that reduces the mast 
torque due to the elements. To determine the 
best mounting arrangement, a simple methodol- 
ogy can be derived based on features of 
Equations 3 and 4. From these equations, it's 
obvious that both antennas are subjected to the 
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same dynamic wind pressure. Also, both have 
round elements, so a drag coefficient of 1.2 
applies to each. For a general case, the only dis- 
criminators are the magnitude of the net ele- 
ment projected area, the boom-to-mast offset 
for each, and the side of the mast to which they 
are mounted. In either Equation 3 or 4, the 
way to minimize the resulting torque is to force 
the sum of the terms within the parenthesis as 
close to zero as possible. To do this, use the 
magnitude of the "S Ae" term for each antenna 
and specify its sign using the sign convention 
in Figure 4 for the proposed mounting arrange- 
ment. For each mounting scheme, sum these 
terms and pick the arrangement that has the 
terms within the parenthesis closest to zero. 
This is basically a trial and error method to find 
the mounting scheme with the least residual 
imbalance. 

As an example, let's add a third antenna with 
a boom-to-mast offset of 3 inches and a net ele- 
ment project area of 4.5 square feet. Here the 
goal is to mount the three antennas on a com- 
mon mast in a manner that provides the least 
resulting imbalance due to the elements. 
Equation 5 shows terms whose absolute value 
when they are summed must be as small as pos- 
sible within the mounting alternatives. It isn't 
necessary to try all possible combinations. "All 
antennas mounted to side A" has the same 
effect as "all antennas mounted to side B." The 
same holds true for combinations that are mir- 
ror images of each other. Recognizing this, one 
antenna can be assigned to one side and the 
other two antennas can be moved around to 
find the minimum absolute value of SUM as 
defined by Equation 5. In this equation anten- 
na 1 is assigned to side A, which results in a 
posjtive sign. 

SUM = + S1 Ael + S2 Ae2 + S3 Ae3 +...( 5) 

where: 

SUM = sum of "S Ae" terms 

For the three-antenna example. "S Ae" val- 
ues for the each antenna are shown in Table 1. 
Lising these values and the mounting sign con- 
vention in Figure 4, I evaluated four mounting 
combinations. Table 2 shows the mounting 
configurations and evaluation methodology. 
Antenna 1 was assigned to side A, and antennas 
2 and 3 were then mounted in three unique 
combinations. Next, the sign of each antenna's 
"S Ae" term was determined from Figure 4 
and the three "S Ae" terms summed for each 
mounting scheme. Results of the summation 
are listed in Table 2 as SUM. The last step was 
to list the absolute values of SUM as 
ABS(SUM), as shown in the far right column. 
The mounting combination, or its mirror image, 
with the smallest value of ABS(SUM) results in 
the least torque during wind loading. 

The first combination in Table 2 with all 
antennas on side A is the worst case mounting 
scheme. Although I knew it to be the worst 
case, I evaluated the combination to ascertain 
the amount of improvement between it and the 
optimal mounting scheme. In Table 2, the least 
value of ABS(SUM) is 0.625 for the case 
where antennas 1 and 3 are mounted opposite 
antenna 2. If this mounting scheme is used 
rather than the traditional approach of putting 
all the antennas on one side of the mast, an 86.4 
percent reduction is realized. 

Although torques due to elements aren't very 
large for individual antennas, they may be con- 

Antennas Side Sign SUM ABS (SUM) 

Antenna I A + +I ,500 4.625 
Antenna 2 A + +2.000 Worst Case 
Antenna 3 A + +1.125 = 4.625 

Antenna I A + + 1.500 2.375 
Antenna 2 A + +2.000 
Antenna 3 B - -1.125 = 2.375 

Antenna I A + + 1.500 0.625 
Antenna 2 B - -2.000 Optimal Case 
Antenna 3 A + +I.  125 = 0.625 

Antenna I A + + 1.500 1.625 
Antenna 2 B - -2.000 
Antenna 3 B - -1.125 =-1.625 

Table 2. Alternative mounting schemes. 
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siderable when niultiple antennas are mounted 
to a common mast. Selecting a mounting 
arrangement using this methodology results in 
an optimal mounting configuration for very lit- 
tle effort. No computations are required for two 
antennas because there's only one solution. 
Two antennas should be mounted on opposite 
sides of the mast. 

In practical applications, use of the net pro- 
jected element area for each antenna, while at 
the same time ignoring boom end area effects 
and contributions due to element mounting 
plates, introduces very minor errors when eval- 
uating mounting schemes. If a more accurate 
evaluation of mounting alternatives is desired, 
the "E" parameter discussed in Reference 1 
can be used with an equation similar to 
Equation 5. To make use of "E" parameters, 
use Equation 6 in a manner identical to that in 
the three-antenna example above. A word of 
caution, do not use "E" for one antenna and Ae 
for another. Do the evaluation using only Ae 
values for each antenna or "E" parameters for 
each antenna. If you're interested in using the 
"E" parameter, a detailed explanation is given 
in Reference 1. 

where: 

ESUM = sum of "S EJ" terms 
El = E parameter, antenna 1 
E2 = E parameter, antenna 2 
E3 = E parameter, antenna 3 

Determining "En parameters for antennas 
can be very time consuming and, as it turns out, 
when they are used to determine the best 
mounting scheme, there is no apparent benefit. 
This is because there are only a very limited 
number of possible mounting schemes and the 
very slight improvement in accuracy has no 
impact. However, in the future, "E" parameters 
will be included in antenna specification sheets 
by some manufacturers. In this case, an "E" 
parameter will be provided that will make find- 
ing ESUM an easy task. 

Element torque balancing 

There are some other ways to reduce the 
resulting torque due to elements. One approach 
is useful when there are multiple Yagis, or a 
single Yagi, already mounted on a mast and 
you wish to reduce the torque due to elements. 
In this case, remounting may be out of the 
question. Assuming the booms are balanced, a 
torque balancing plate like the one shown in 
Figure 5 can be installed. In this case, the plate 
offsets the torque due to elements. Making use 
of ABS(SUM), you can find the size of a 
square element balancing plate with Equation 
7. By looking at the sign of SUM, you can 
determine on which side of the mast to install 
the plate and arm assembly. If the sign of SUM 
is positive, put the assembly on side B-which 
has a negative sign using the sign convention in 
Figure 4. If SUM has a negative sign, put the 
assembly on side A, which has a positive sign. 

Antennas Side SUM ABS (SUM) y (ft) 

Antenna I A 1.15 
Antenna 2 A 4.625 4.625 ( 1  3.8 inch) 
Antenna 3 A o n  side B 

Antenna I A 0.83 
Antenna 2 A 2.375 2.375 ( 10 inch) 
Antenna 3 B on side B 

Antenna 1 A 0.42 
Antenna 2 B 0.625 0.625 (5 inch) 
Antenna 3 A on side B 

Antenna 1 A 0.68 
Antenna 2 B - 1.625 1.625 (8.2 inch) 
Antenna 3 B on side A 

Antenna 2 either 2.000 0.75 
side or 2.000 (9 inch) 

-2.000 other side 

Table 3. Element balancing plate sizes, with Rpe = 3 feet. 
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ELEMENTS 

Figure 5. Element balance plate. 

(The torque contribution due to the arm holding v0 .71  ABS (sum) 
the plate is assumed negligible and not account- Or' Y = 
ed for in Equation 7.) 

R P ~  

where: 
0.86 ABS (sum) 

Y = [  Rpe (') ABS(ESUM) = absolute value of ESUM 

or, = v0 .86  ABS (sum) 
R P ~  

where: 

Y = side of square element balanc- 
ing plate 

Rpe = distance from centerline of 
mast to centerline of element 
balancing plate 

ABS(SUM) = absolute value of SUM 

For each mounting combination in Table 2, 
element balancing plate sizes are shown in 
Table 3 for an arm length of 3 feet. The plate 
size for antenna 2 mounted alone is also includ- 
ed. With this method, torque due to elements 
can be reduced for an existing installation, for a 
single Yagi, or where a mounting scheme 
doesn't reduce the residual torque to an accept- 
able level. A word of caution. Don't use "E" 
parameters with Equation 6. If "E" parameters 
are used for the antennas, Equation 8 should 
be used. 

0.7 1 ABS (esum) 
Y = [ Rpe (8) 

Design and use of an offset-mast 
There is another way to reduce the torque 

due to elements using a specially fabricated 
mast like the one in Figure 6. With this type of 
mast, the portion of the mast to which the 
Yagis are mounted is offset by the amount Sm. 
By using this type of mast with a single Yagi, 
the centerline of the boom can be positioned in 
l ine  with the lower mast portion axis of rota- 
tion. As a result, the boom-to-mast offset S is 
el'fectively set to zero. Although there is an 
imbalance created by the portion of the mast 
that is offset, it can be ignored for relatively 
short masts. In the case where there's one Yagi 
on a short mast, Sm can be set equal to S. 

For longer masts with multiple Yagis that 
have similar or different boom-to-mast offsets, 
it's possible to find a value of Sm which takes 
into account the imbalance of the mast and 
each antenna. The value of Sm that results in 
zero element torque can be determined using 
Equation 9. If "E" parameters are available for 
your antennas, find Sm using Equation 10. 
Needless to say, the booms must be balanced 
first, or the improvement in element torque 
loading with an offset-mast will not realized. 
For example, suppose we had a 2-inch diameter 
mast that we wanted to make into a 16-foot off- 

Communications Quarterly 95 



- 

BOOM 

I 
i 

,OFFSET MAST 

i 
i 

Figure 6. Specially fabricated mast helps reduce the torque due to elements. 

set-mast, on which we would mount the three 
antennas shown in Table 1. Using Equation 9, 
the optimal value of mast offset, Sm, is 2.62 
inch. 

Sm = Ael S I + Ae2 S2 + Ae3 S3 
Dm Lm + Ael t. Ae2 + Ae3 (9) 

where: 
Sm = mast offset 
Dm = mast diameter 
Lm = mast length 

Before going to the effort of building an off- 
set-mast, balance your Yagis" booms. If you 
plan to mount multiple Yagis, first find a 
mounting scheme based on the methodology 
demonstrated in Table 2. If the boom-to-mast 
mounts on your antennas can't be changed easi- 
ly to allow "other side of the mast mounting," 
consider an offset-mast. 

Side arm mounted Yagis 

The use of side arms (see Figure 7) is quite 
common in efforts to mount more Yagis on 
existing towers. Although typically 300 degrees 
of rotation can be achieved, inherent torque 
imbalances result. For this mounting situation, 
the nature of resulting torques are no different 
than mast-mounted Yagis with boom-to-mast 

offsets. However, in this case, offsets are much 
larger, resulting in far greater element torques. 
While a mast-mounted Yagi may have S = 3 
inches, the same Yagi mounted on a side arm 
may have S = 30 inches. 

Using the Yagi in Figure 7, Graph 3 shows 
boom and element torques at 50 mph for a 32- 
foot boom, 2 inches in diameter, with an 8 
square foot net element area while mounted on 
a side arm 30 inches long. First, let's consider 
the case where the boom is not balanced, but 
has L l=  180 inches and L2 = 204 inches. As 
shown in Graph 3, the element torque is 
almost four times the boom torque. In previous 
examples, when the offset was 3 or 4 inches, 
the element torque was mite low. Now, howev- 
er, with a 30-inch offset, the element torque is 
very large and is above torque ratings of many 
commonly used rotors. 

Before proceeding, balance the boom, as we 
did before. This adjustment leaves the element 
torque as it is. The overall effect of boom bal- 
ancing can be seen in Graph 4, which shows 
the net torque for the antenna before the boom 
is balanced and when the boom torque has been 
zeroed. Although there is improvement in parts 
of the array rotation relative to the wind, the 
peak net torque is the same for this antenna 
design. Beyond balancing the boom, there's 
nothing else that can be done with this mount- 
ing arrangement. 

If you are considering using a side arm, 
make sure the rotor you're planning to use has 
sufficient torque to the turn the antenna in the 
anticipated winds. Also, make sure the rotor 
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Figure 7. Side arms are used to mount additional Yagis. 
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Graph 3. Element and boom side arm torque. 
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brake has sufficient capacity to hold the anten- 
nas during storm wind conditions. Use 
Equation 24 from part 1 to find these torques 
and to evaluate the effect of a balanced boom. 
You may find the peak net torque isn't affected 
by balancing the boom. In this case. balancing 
the boom isn't worth the effort. 

Summary 

SIDE ARM ' d-% b T b WER 

In trying to reduce the torque required to 
rotate Yagi arrays in winds, minor design 
changes can be made to existing antennas to 
create a more aerodynamically balanced struc- 
ture. For Yagis mounted to masts, the biggest 
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torque imbalances are due to boom asymme- 
tries. If possible. the boom-to-mast mounting 
bracket for constant diameter booms should be 
located at boom midpoint. A boon1 extension 
can also be used. If the boom has a stepped 
construction as shown in Figure 13 of part 1 ,  
one of two approaches can be taken. Either the 
boom can be the same on each side of the mast 
or a construction can be used that satisfies 
Equation 9 (see part 1). Most likely, when the 
boom-to-mast mounting plate is properly 
placed, it will be necessary to install a weight 
to provide a weight balance at the mast. If 
boom modifications aren't possible, a boom 
balancing plate that forces the boom into bal- 
ance should be considered. 

Perhaps one rather surprising feature of 
Yagis is the contribution of the elements to the 
net torque. The location of the elements on the 
boom plays no role in determining the amount 
of torque, but the element's riet effective pro- 
jected area and the magnitude of the boom-to- 
mast offset do. For multiple Yagis mounted on 
" nnmm-,, m o o t  + h a  ,ff,,t t n m l r . 3  A.., +, -1, 
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only one Yagi is used. If the booms aren't bal- 
anced, efforts spent to minimize element- 
induced torques will be masked and no 
improvement will be realized. 

Although balancing isn't possible when a 
Yagi is mounted to a side-arm, the rotor turning 
and braking capacity can be predicted. In this 
case, you'll need "brute" torque and a strong 
brake to make this type of mounting arrange- 
ment work successfully. 

A couple of final notes. First, there are a num- 
ber of secondary factors that affect the torque to 
turn a Yagi in a wind. Such things as line chokes 
made from coiled coaxial cable taped to the 
boom, boom mounted baluns, driven element 
matching devices, feedline~, and anything else 
mounted to the Yagi, can create imbalances. I 
have not addressed these factors here, but rather 
have concentrated on defining the primary con- 
tributors, their effect on Yagi aerodynamic bal- 
ancing, and the means to minimize their contri- 
butions. Most importantly, 1 have used the 
"cross flow principle" to define the magnitude 
""A A;+.,,+:-, -f f-,,-- tho+ ,..,...lt ..,ha, VnA 
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tnents during winds can be minimized by using boom and elements are in a wind stream.' 
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cases where the optimal mounting scheme can't Equations 32 (part I ) ,  7, 8, 9. and 10 were not 
be implemented, you can use either an element included. I will be happy to send a copy of 
balancing plate assembly, or build an offset- these derivations to any interested party who 
mast. In any case, attempts to reduce torque sends me an SASE. 
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Brad Thompson, AA 1 IP 
P.O. Box 307 

Meriden, New Hampshire 03770 

QUARTERLY 
COMPUTING 
Software for homebrewing plus an 
updated CD-ROM 

T hanks in part to inexpensive and readily 
available semiconductors and an influx 
of technically savvy code-free 

Technician licensees, homebrew construction 
of amateur radio equipment, an art declared 
dead at least once a decade, is very much alive. 

In thi\ issue. we'll examine two software 
packages that can help the homebrewer in dia- 
metrically different ways. We'll also revisit 
Buckmaster Publishing's amateur radio CD- 
ROM, which now features a Windows version 
of its ICALL callsign-retrieval program. 

From Beverages Thru Oscar 

For many amateurs, a construction project 
begins with a literature search to see what's 
been done before. While a visit to the public 
library can unearth amateur radio-related rnaga- 
zines and books, most amateurs maintain their 
own collections of back issues of popular jour- 
nals. However, problems arise when you actu- 
ally try to find relevant articles in a stack of 
magazines-you can skim each issue's table of 
contents, or locate and plow through several 
years' annual indexes (if they're available). 

Compiled by Rich Rosen, K2RR, From 
B e ~ ~ e r n g e . ~  Thru Oscar. abbreviated FBTO. can 
shorten search times and actually add value to 
those stacks of amateur radio magazines that 
you never had the heart to recycle. 

A bibliography covering topics ranging from 
antennas through Yaesu upgrades, FBTO con- 
tains over 3 MB (megabytes) of data supplied 
in compressed form on one or two floppy disks. 
The software comprises over 60,000 entries 
taken from 297 sources including perennial 
favorites like CQ, QST, and 73, discontinued 

journals (e.g., Ham Radio). books, and bul- 
letins. Publication dates range from 190 1 
through December 1990. Each entry contains 
basic information-title or description, source, 
date of publication, page number, author, and 
any comments entered by the archivist. 

To install FBTO, you'll need an IBM-com- 
patible PC that's equipped with 640 KB (kilo- 
bytes) of main memory and a hard disk drive 
with 3.2 MB of unused space to install FBTO, 
and either a color or monochrome display. A 
plain-vanilla XT clone works fine, albeit slowly. 

You use FBTO's setup routine to install and 
expand the software. The program runs under 
PC DOS or as a DOS task under Windows. If 
your PC includes an extra 4 MB of RAM, you 
can create a RAMdisk drive for FBTO and 
enjoy nearly instantaneous reference retrieval. 

You query FBTO by selecting a Search 
menu, from which you choose global (key- 
word), author name or callsign, date or name of 
pirblication as a search topic. For example, sup- 
pose that you're interested in building a con- 
verter for the 2-meter band. You enter "2M" as 
a global topic. and FBTO finds 2000 cita- 
tions-too many to peruse. From the Main 
Menu, you select "Narrow Down Resulting 
Data" and enter "CVTR," which yields 127 
citations. Finally, you select a further narrow- 
ing by requesting only Lhose citations that 
appeared in, say, Ham Rtrdio magazine. This 
time, you're presented with a list of 12 refer- 
ences to view onscreen or print. 

FBTO's built-in search engine is easy to use, 
and a 54-page printed manual lists keywords and 
sources, and clearly explains the program's 
functions. As with other databases, it pays to try 
several search strategies-looking up "conver- 
tor" yielded no entries, as FBTO prefers "con- 



verter" as the correct spelling. Also, entering " 
2M " instead of "2M" improves search accuracy 
because the surrounding spaces eliminate many 
records that include the characters 3 and M as 
part of a citation (e.g., " ... A 4.32 MHz). 

While its contents clearly deserve an update. 
From Beverages Thru Oscar represents an 
excellent value for dedicated amateurs or 
researchers who maintain an extensive maga- 
zine backfile, or who have access to a library's 
collection. FBTO will quickly earn its $85 pur- 
chase price in time and effort saved. (DiDah 
Publishing also offers databases covering indi- 
vidual topics or journals at prices ranging from 
$10 to $25-a bargain for anyone who collects 
only one publication.) 

ARRL Radio Designel 

Until recently. radio amateurs interested in 
owning their own computer-aided circuit 
design (CAD) programs enjoyed few choices- 
commercial software typically cost too much, 
and shareware products either lacked capabili- 
ties or suffered from awkward user interfaces. 

All that changed in late 1994 when the 
American Radio Relay League, working with 
Compact Software of Paterson, New Jersey, 
released ARRL Radio Designer, a $150 program 
comprising a significant subset of Compact's 
Super Compact professional RF CAD software. 

ARRL Radio Designer analyzes active and 
passive linear circuits of up to 999 nodes (i.e., 
component junctions) at up to 5 13 frequencies. 
You can use built-in component models for 
bipolar and field-effect transistors, operational 
amplifiers, and transmission lines. You can 
also invoke one- and two-port "black boxes" 
modeled by S-, Y-. Z-, H-, and ABCD- 
parameter data. 

To prepare a paper schematic for analysis, 
redraw the diagram with power and bias feed- 
points connected to ground- a detail accom- 
plished by RF bypass capacitors in the actual 
hardware. Next, assign numbers to all nodes 
except ground, which is always node 0. You 
"build" a circuit for ARRL Radio Designer via 
the program's built-in editor or an ASCII text 
editor of your choice, creating a netlist that 
identifies all components' connections and 
electrical connections. You also specify other 
program blocks that control the frequency 
range of analysis, statistical analysis and opti- 
mization of circuit performance, data for one- 
and two-port network modeling, and group- 
delay modeling. 

ARRL Radio Designer includes several data- 
banks (libraries) of models that cover many RF 
devices offered by Motorola, Avantek, and 
other manufacturers. However, the databanks 

don't include many older 2N-family devices; 
but given a data sheet, you can use a text editor 
to create a custom databank for your favorite 
components. 

To do this, you import a device model from a 
databank via Windows' Notepad editor, cutting 
and pasting data into a circuit file via 
Window's Clipboard. Notepad won't open the 
large Avantek library, however. Use Windows 
Write or another editor. After completing your 
circuit's netlist, run ARRL Radio Designer's 
analysis and specify the style and format of the 
results displays. For example, you can view 
output amplitude in dB versus frequency. 

Now for the special effects: you can invoke a 
tuning routine in which the software varies val- 
ues of selected components and plots circuit 
response for each setting-a function equivalent 
to watching a filter's response on a spectrum 
analyzer while you adjust a trimmer capacitor. 

Using the program's statistical capabilities, 
you can "build" 100 filters with components of 
various tolerances. Then you can examine the 
yield of good circuits and the distribution of 
their center frequencies. 

Last, but not at all least, a built-in utility 
called Circles provides an automated Smith 
chart and interactive design of matching net- 
works-a capability that alone is worth the pro- 
gram's purchase price. 

If you've labored in the CAD vineyard- 
squinting at asterisks and plus signs denoting 
traces on crude 80-character-wide teleprinter 
plots-here's your reward. Running under 
Windows. ARRL Radio Designer presents gor- 
geous, multicolored plots featuring crisp, sharp, 
and colorful lines and legible titles. You can 
easily direct output to disk files, a printer or 
plotter, or the Windows Clipboard, making the 
program a hands-on pleasure to use. 

To run this program, you'll need an IBM PC- 
compatible computer equipped with an 80386 
or higher microprocessor, 8 MB of RAM, a 
mouse, a hard disk drive with from 6 to 1 1  MB 
of unused space, and Windows 3.1 or later. To 
load the software, your PC must include a 3-112 
inch floppy disk drive. For fastest results, 
ARRL also recommends a math coprocessor- 
if your PC doesn't already include one. 

ARRL Radio Designer's inch-thick, 400-page 
manual suffers from a split personality. Written 
by David Newkirk, WJ I Z. the first 100 pages 
ease the reader through program installation 
and a walkthrough of eight examples that 
showcase many of the program's features. 
Newkirk's free-flowing. easy-to-read prose 
makes these examples readily accessible to 
amateurs who aren't electrical engineers. At 
this level, virtually anyone can use the software 
and get results quickly. 

The remainder of ARRL Radio Designer's 



notes lapses into manual-ese, a writing style 
that is characterized by convoluted sentences 
and heavy use of the passive voice which is 
harder to read. Also. readers would probably 
benefit from some additional circuit-analysis 
examples and an expanded explanation of time- 
domain analysis. 

Finally. the manual does a sketchy job of 
relating a "real world" circuit to its analytical 
model. While the program easily models lead 
inductance and stray capacitance effects, it's 
likely that beginners will oversimplify circuit 
models ahd wonder why physical circuits don't 
perform as well as the models predict. 

On balance. ARRL Radio Desigrter deserves 
a place on the virtual workbench of every ama- 
teur who takes pride in homebrewing profes- 
sional-quality equipment. It's also a worthwhile 
investment for anyone who will expend the 
time and effort to learn what this remarkable 
program can do. 

Buckmaster Ham Call CD-ROM 

Featuring over 400 new or updated amateur 
radio-relatcd shareware and freeware programs, 
the October 1994 edition of the Brrcknrtrst~r 
Hum Call CD-ROM now includes ICALLW, a 
Windows version of its ICALL U.S. and inter- 
national callsign lookup program. 

In operation, double-clicking on ICALLW's 
icon makes a window pop up that shows a field 
of white space and a blue data field. You type 
the callsign you're searching for in the blue 
window, and a few seconds later. licensee data 
appears in the white window. From there. you 
can build a queue of labels for later printing-a 
handy feature for creating a one-time list of 
QSL card address labels. 
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New Model 232FC 
Counter 

I B&B Electronics manulacrunng Lomuanv 

has announced its new RS-232 Frequen 
Counter. Model 232FC. The frequency 
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One minor problem surfaced during installa- 
tion of ICALLW; its SETUP program couldn't 
copy a file called VER.DL- to the review sys- 
tem's \WIN subdirectory unti l  an existing ver- 
sion of the file was renamed. Also, remember 
that various nations may restrict release of their 
citizens' callsign data, making international 
callsign coverage somewhat spotty. 

Shareware highlights of this edition of 
Rucktnust~r Harir Ctrll include version 6 of 
GeoClock, a superb map display that shows sun 
illumination of the Earth's surface in real time. 
This update includes a new gazetteer for city 
location and sundry database improvements. 
GeoClock's registered version can access 
Ruckmcrstrr Htrrrt Ccrll's callsign database. 
Updated in April and October. this $50 CD- 
ROM is well worth consideration as your sta- 
tion's callsign database. 

In upcoming columns, we'll track recent CD- 
ROM releases and other software focused on 
amateur radio. If you'd like to suggest software 
for review, please contact me at the address at 
the beginning of this colunln. 

For more information 

To obtain a copy of Frotrr Revcrclg~s Tlrrrr 
O s c ~ r ,  contact DiDah Publishing, P.O. Box 
7368, Nashua, New Hampshire 03060. or call 
(603) 878-3628. 

You can purchase a copy of ARRL Radio 
Dc~si~qtter from the American Radio Relay 
League, 995 Main Street. Newington, Con- 
necticut 061 1 1- 1394. or call (103) 666- 1541. 

To purchase a copy of the Rrrc.ktncrster H t r t ~  
Ctrll CD-ROM, contact Buckmaster Publishing. 
Route 4. Box 1630. Mineral, Virginia 32 1 17. or 
call (703) 804-9141. 
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he 232FC is shipped with software that 
I plots frequency and duty cycle infor- 
as well as display histograms. Sample 
BASIC, Pascal, and C that demonstrates 
T commands is provided. 
lore information about the RS-232 

Frequency Counter and to receive B&B 
Electronics' free catalog of Serial 
Comr?iurtication Interface arid Control 
Equipntenr contact: B&B Electronics 
Manufacturing Co., 707 Dayton Road, P.O. 
Box 1040. Ottawa. IL 61350 (phone 8a.m. to 
4:30~.m. Central: 8 15-434-0846; 24-hour Fax: 

1-7094; 24-hour BBS: 8 15-43 
: techsupt@b&b-elec.com). 



Peter 0. Taylor 
AAVSO Solar Division 
4523 Thurston L a n e ,  #5 
M a d i s o n ,  Wisconsin 537 1 1-4738 

THE SOLAR SPECTRUM 
An update 

I thought I'd play a little catch-up this issue, 
with updates on solar cycle 22, and on the 
Ulysses mission, now in polar orbit above 

the Sun. First, let's turn to the current cycle. 

Updating Solar Cycle 22 
Figure 1 pretty well tells the story of cycle 

22, which is now declining towards an expect- 
ed 1996 minimum. (The end. or "minimum," of 
each cycle occurs at the intersection of the old 
declining cycle and the ascending branch of the 
new cycle, as measured by the smoothed 
monthly mean relative sunspot number.) At this 

stage of development, some astronomers pre- 
dict that the coming minimum will be a some- 
what protracted one; perhaps similar to the lull 
that occurred in 1954, prior to the highest- 
amplitude cycle on record. 

Just 24 class M, and no class X solar flares 
were recorded between January and November 
1994. In fact, the most recent class X flare 
erupted over two years ago, towards the end of 
1992. Some fairly intense geomagnetic storms 
have taken place during the past year, but most 
have been spawned by the long-lived recurrent 
coronal holes that are more prevalent during a 
cycle's descent, or in some cases, by fast mov- 
ing coronal mass ejections. 

Figure 1. Some monthly indices of solar activity during cycle 22. The numbers of class M and X solar flares are shown 
according to the hemisphere where they occurred along with the hemispherical monthly relative sunspot number in Figure 2. 
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NORTHERN HEMISPHER 

Figure 2. Solar flare eruption (left-hand diagram) and smoothed monthly sunspot numbers (unadjusted SESC estimates) by hemisphere dur- 
ing cycle 22. Note that sunspot activity in the Sun's Southern Hemisphere trailed that in the north until after cycle 22 reached maximum (July 
1989), then went on to reach an even higher peak two years later. The Southern Hemisphere has been the site of a majority of class M and X 
flares throughout cycle 22. 

Thus far during cycle 22, the sum-total of 20. Since even-numbered cycles tend to have 
newly emerging sunspot groups is quite a bit lower maximum amplitudes than the odd-num- 
lower than for cycles 20 and 2 1.  However, bered cycles that bracket them, we would 
when viewed in their entirety, cycle 22 sunspot expect this effect for cycle 20, but cycle 22 
numbers are roughly comparable to cycle 21, numbers are only marginally less than those for 
and considerably higher than those from cycle cycle 21. Class M and X solar flare eruptions 

Figure 3. The total number of solar flares recorded each month. after allowance for duplication when events are reported by more 
than one observatory, is known as the "grouped solar flare index." As shown above, this index (dotted line) is in excellent agree- 
ment with the sunspot cycle (solid line). 
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X SOLID LINE: SOLAR 10.7 CM RADIO FLUX 
DASHED LINE: SUNSPOT NUMBER 

. . 

Figure 4. The solar 10.7 centimeter radio flux and yearly mean sunspot numbers, circa 1947 to 1994 (October). 

and smoothed monthly sunspot numbers for 
cycle 22 are shown according to their hemi- 
spherical occurrence in Figure 2. 

The number of individual solar flares record- 
ed during each month of cycles 20-22 (through 
May 1994) is shown in Figure 3. Note that the 
overall number of flares is considerably lower 
for the current cycle. On the other hand, many 
more satellite proton events have occurred dur- 
ing cycle 22 than during either cycle 20 or 21. 
(The Space Environment Services Center in 
Boulder, Colorado, defines such events as peri- 
ods in excess of 15 minutes when the > 10 
megaelectronvolt proton flux remains above 10 
parFic~e flux units ber cubic centimeter, per sec- 
ond, at geosynchronous altitude.) However, in 
spite of the larger number of proton events at 
satellite altitude. cycle 22 ground level events 
have thus far been fewer in number, and more 
isolated, than during cycle 21. 

Figure 4 shows that the monthly solar 10.7 
centimeter radio flux was similar during cycles 
21 and 23, and in both instances much higher 
than for cycle 20. The cloce agreement between 
these ~ndices is very apparent in this diagram. 

David Hathaway, NASAIMarshall Space 
Flight Center, provided the superb "butterfly- 
diagram" shown in Figure 5. The diagram 
clearly shows how sunspots first appear in two 
latitude bands at about 30-degrees north and 
south at the beginning of a cycle, and how 
these bands grow and move toward the equator 
as the cycle progresses. The diagram also 
shows the percent of the Sun's visible hemi- 
sphere that was covered by spot-groups during 

each solar rotation since 1874. 
When will the new cycle-number 23 in the 

long series of observed solar cycles-begin? 
The first sunspots of a new cycle typically 
emerge 12 to 18 months before the old cycle 
officially ends. New cycle spot-groups are rela- 
tively easy to detect, since they have a reversed 
magnetic polarity when compared with groups 
from the current cycle. and appear at an unchar- 
acteristically high solar latitude for late-cycle 
spots; generally above 25-degrees. As of early 
December, no such guide posts had yet 
emerged and the exact onset of cycle 23 
remained uncertain. However, most forecasts 
continue to specify mid- 1996, as the more like- 
ly date for this event. 

News from the Ulysses 
spacecraft* 

One of the more striking attempts to learn 
the secrets of the Sun began in 1990, when a 
vehicle was launched to study solar regions 
never before seen-the Sun's polar regions. 
Carried aloft by the Space Shuttle "Discovery," 
this unique spacecraft was routed to the Sun the 
long way around ... via the giant gas-planet, 
Jupiter (Photo A). A joint undertaking between 
NASA and the European Space Agency (ESA), 
the project was initially called the "Inter- 
national Solar Polar Mission." but in 1984 itc; 

* A  porticm rrt thi\ ~ntormalion wa\ taken rrom hullet~n\ ~ \ \ocd  by FSA, NASA. 
:find lhc Jet Pt<,pnlr~,n I.;!homIo~.y 
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Figure 5. A sunspot cycle "butterfly-diagram" for 1874-1994 from data ohtained hy Greenwich Ohsewatory and the NOAAAJSAF 
SOON network. 'The bottom panel shows how much of the visihle surface of the Sun was covered hy sunspots for each rotation of the 
Sun since 1874. The upper panel shows how much of each of50 equal-area latitude strips from the South to the North Pole was covered 
by sunspots. Rlack indicates the presence of small spots: red indicates hetween 0.1 and 1.0 percent of the strip was covered: and yellow 
indicates that more than 1.0 percent of the strip was nccupied by sunspots during that rotation of the Sun. Diagram courtesy of I). 
Mathaway, NASAIMSFC. 

name was appropriately changed to Ulysses, 
the hero of Greek mythology whose adventures 
are described in Dante's Inferno. 

Although Ulysses was designed to study the 
Sun itself, the project obtained new information 
about the heliosphere, the effects of the solar 
wind on Jupiter's magnetosphere, and the ori- 
gins of cosmic dust, before beginning its direct 
observations of the Sun. In mid-1994, Ulysses 
ended a journey of nearly 2000 million kilome- . 
ters. finally soaring over the Sun's South Pole 
where it spent four months gathering data. 
Ulysses has now completed its exploration of 
the regions surrounding the Pole, providing 
astronomers with their first opportunity to 
obtain measurements from a location that has 
never before been visited by spacecraft or 
ground-based instruments. 

Several months after Ulysses began its polar 
fly-over, scientists at the ESA space research 
and technology center in Noordwi.jk (the 
Netherlands) reported that the polar region dis- 
played some unexpected magnetic and dynamic 

characteristics, and hinted that our thinking on 
the magnetic structure of the Sun might need to 
he revised. 

The first findings to surprise astronomers 
were the unexpectedly low cosmic radiation 
activity above the South Pole (cosmic cty 
intensity in this high latitude region increased. 
but not nearly to the extent that scientists had 
predicted), the unexpected uniformity of the 
Sun's magnetic field, and the remarkable 
apparent absence of a south magnetic pole. 
Richard Marsden. ESA's project scientist, 
explained: "We expected that we were going to 
find a local increase in the solar field's intensi- 
ty. But the probe did not detect any such thing, 
and all the evidence so far suggests that the Sun 
has no south magnetic pole." 

It appears that the way Ulysses sees the 
Sun's magnetic field is very different from the 
way i t  is seen by observations from Earth. 
Measurements from Earth show the Sun having 
a magnetic fieltl with magnetic poles that are 
not the same as the Sun's north and south geo- 



gmpliic poles (axis): as the Sun rotates. the 
magnetic poles go around. Ulysses, however, 
found a uniform magnetic field at the Sun and 
did not detect any magnetic pole whatsoever. 

Could i t  he that the Sun truly has no such 
poles'? This anti other thought-provoking ques- 
tions are heing studied by the team of scientists 
working on the project. who are keenly looking 
forward to comparing these results with those 
that will hecome a\,ailahle when Ulysses passes 
over the Sun's North Pole in mid- 1995. 

However. i t  is already manifestly clear that 
the structure of the solar ~nagnetic field in the 
southern polar region is not as predicted hy the 
traditional niodels. In particular. the instrunicnts 
on Ulysses detected a new type of very slowly 
varying elcctrornagnetic waves. with oscillation 
periotls of  I0 to 2 0  hours. The experts' theory is 
that this is due to an unexpected phenomenon 

which conveys the solar magnetic field into 
space via the solar wind. Furthermore. in  the 
polar regions this hot. ionized flow of gases and 
energetic particles emanating from the Sun was 
found to he moving at thc very high velocity of 
750 kilometers per second (ahout two million 
miles per hour), approximately douhlc the speed 
at which the solar wind is known to flow at 
lower latitudes. 

I t  is still far too early to determine what 
effect these new findings arc going to have on 
our overall i~nderstanding of the Sun and the 
interplanetary solar wind i t  generates. A vast 
volunie of' data running into thousands of mil- 
lions of hits-all of i t  of enormous scientific 
value-has hcen acquirctl during Ulysses' ini- 
tial polar pass. A detailed analysis will require 
many months. but one thing is certain: there is 
no douht ahout the cornplcxity of the phenome- 

I'l~oto . 'l'llis ;lrti\t'\ rcnclerin~ depict\ tl~c* I ' lyssr sl);lcecr;~ft ;I\ it I l~giln its he10tt tllr S I I ~ . ~  Solltli I'olr. 'l'llr 
sp;~crcraft rrilchrd 70-drzrces soutl~ of the Sun's equator on June 26. IOt)4, m;lrking the hcginnin~ of its primary 
mission to study these prrviously t~nexplnrcd regions ofthe Sun. lilysses completed its soutllern p:lss at tile end of 
I')')J and looped I,:tck around the Sun, continuing on to the northern polar region, where it will arrive in mid-1995. 
Illr~stratinn cn~rrtrsy of the .let Propulsion I .ahorato~4'al i fornia Institrrte of Technology/YASA. 



na that have k e n  observed. which involve thc 
combined effccts of the solar wind. magnctic 
field. electromagnetic waves, and fast-moving 
bursts of particles. Further insights will c~lmost 
certainly be gained when Ulysses passes over 
the Sun's North Pole, and. if' the mission is 
extended, whcn it  makes two additional polar 
passes in 2000-200 1. during a period of 
incre:~sed solar activity. 

At this is written. Ulysscs is heading toward 

the Sun's cquator. where i t  will make its closest 
approach of approximately 192 million kilome- 
ters ( I20 million miles) on March 13. 1995. At 
that time, scientists plan to conduct a "coronal 
sounding" experiment in which they will use 
the spacecri~ft's radio beam to measure thc 
electron content of the Sun's corona. Ulysses 
will then continue its northern asccnt to tra- 
verse the Sun's northern polar region beginning 
on June 19. 1995. 

PRODUCT INFORMATION 
New AEA DM-1 Deviation Meter es such as SAM. QRZ. or HAMGall for a call- 

Advanced Electronic Applications. Inc. has sign at any time. 
introduced the DM- I Deviation Meter. The Log Windows 2.0 was crcated to automati- 
DM-I is designed for measuring the deviation cally display DX spots and allow users to move 
of FM transmitters operating in the 144. 330, to the designated frequency quickly, log the 
or 440 MHz amateur bancls. A unique fcature contact, ant1 save the information in a log. Log 
of the DM-I is that the tuning is crystal con- Windows 3.0 c i~n announce DX spots with a 
trolled, which provides stahlc measurement voicc-synthesized DX announcement. A filter 
and climinates the nced for manual tuning. can be turned on so Log Windows 2.0 will only 
Two deviation ranges allow sufficient rcsolu- display and souncl an alarm for DX that are 
tion for accurate mcasurcment of voice. d;tta. necdcd. The stand-alone LW Import program 
DTMF. and subaudihle deviation. Handhclds. allows CT, DXLog. Log Master, Easy DX. 
mobiles. ant1 base stations can be checked for Hyprlog. DX Base, NhRJ 2nd Op, Log View. 
correct audio deviation. DX Desktop, PC PakRatt. and any ASCll log 

to be imported into Lop Winriows 2.0. Logging 
and award tracking ilrc supported for ARRL 
DXCC, WAS. VUCC. and CQ M(r~qcr:irlc~'s CQ 
Zone and USA-CA awards. 

For more information, contact: Advanced 
Electronic Applications. Inc.. P.O. Box C2 160, 
Lynnwood, WA 98036 (Phone: 206-774-5554: 
Fax: 206-775-2340). 

Power is supplied hy one standard 9 volt 
alkaline battery. When battery voltage drops 
bclow 5.5 volts, the DM- I is automatically dis- 
abled to prevent erroneous readings. 

For more infbnnation, contact Advanced 
Electronic Applications, Inc.. P.O. Box C3160, 
Lynnwood. WA 98036 (Phone: 206-774-5554; 
Fax: 206-775-2340). 

AEA's New Log Windows Version 2.0 
AEA's new vcrsion of Log Windows is now 

compatible with their PC PakRntt for Windows 
version 2.0. Users now have TNC control of 
PC RikRatt for Windows 2.0, couplctl with the 
logging and tracking features of Log Windows. 
Antcnnas can be turned to the short path, long 
path, or in an arbitrary direction, with the click 
of a mouse. A new Database Browser enables 
users to sort and print logs hy any criteria. 
Users can also qucry on-line callhook databas- 



CQ?S f 995 Amateur Radio Almanac, 2nd Edition 
If you're looking for information about ham radio, it's in the 1995 Amateur Radio Almanac! 
This Sourcebook is filled with over 500 pages of facts, figures and information. 

Amateur Radio Around the World FCC General Class Question Pool 
Propagation Predictions for 1995 Updated Records for 
Latest Part 97 Rules and Regulations all Major Contests 
FCC Survey Listings of 0 Proposed Vanity Callsign Rules 
RF1-proof Telephones Revised U.S. Ham Census 
Comprehensive Index All-new Color Photography 
of Equipment Reviews U.S. Radio Clubs by State & City 
Expanded Coverage of Internet IOTA Program Rules ... 
Computer Services for Hams the list goes on! 

Plus, this year's Almanac is even easier-to-use with 
larger type and a simplified format. 

CQ's 1995 Amateur Radio Almanac is a resource you'll refer to over and over again. 
If it's ham radio, it's in The Source! 

1995.96 Calendars 
CQ has done it again with our new 1995 calendar series. You'll refer to your CQ calendar time after 
time as you search for the schedules of upcoming ham events and conventions. Public holidays and valuable 
astronomical information will be right by your side, too! 

With CQ's 1995 calendars, you actually receive 15 months of use (January '95 - March '96) with all-new 
photography you won't see anywhere else. At only $9.95 each, you can't afford to be without them! 

1995 Amateur Radio Calendar 

There's no better addition to 
your shack or office! 

Imagine professional color 
photographs of some of the 
biggest stations in the world! 
You'll see everything from 
aerial photos of 80M yagis to 
ham shacks that are beyond 
belief! No ham should be 
without one. 

1995 Radio Classics Calendar 

If you enjoy the old days of 
radio, you'll love CQ's latest 
look into the past. Each month 
you'll explore radio historv 
with dazzling photographi of 

- - - -  antique radios, rare morse keys, 

CQ's 1995 Radio Classics 
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E~ECTRON~CS €ugem. Oregsn 97401 

TIKID-I 
Transmitter 

FlngerPrlntlng 
System 

hs on m l f i @ R  NOW Shlpplngl 
.ommd bu ma hD.1 

WAM rodlo tmnsmlmrs have a 
unlque frequency versus tlme start-up 
chorocbrlstic-even rodlos of the some 
make and model. Thls 'Flngerhlnt' con 
be coptued, stored and onolyzed. Ovr 
exclusive TxlD Sofhuare and the 
patented techno1 y of the TxlD-1 IBMI 
Compatible claul%rd can help vou 
IdentiFy the abusers on yaur repeated 
Or help you keep trock of the number 
of radios per account on commerclol 
repeaters. CTCSS, DCS and DTMF de- 
coding, as ~ l l  as Devlatlon measure 
menh and Spectrum Occupancy 
femtures further enhance the system. 

ColacurlhfaoruRbomvswith Mdetdk. 
oddla-1 .XI t s c t n ~ ~ d  + t n ~ ~ ~ m  

TxID-1 &h S O ~ W  S6W.00 
-and- 

npMCmvdllYI: $8.00 
cndCwamrnPu~Odrracopbd. 

<Ci)~f~C&~MooyOrdrbrrhonb~. 

ordua 0 338-9058 
I&: (503) 687-91 18 Far (503) 687-449Q 

ANTENNA 
OPTlMlZERS 
A 0  6.0 optimizes antenna d e s i i s  
for best -m, impedance, SWR. and 
resonance. A 0  ytirnizes cubical quads. phased 
aways, interlaced agls, or any other anangement 
of wire w tubing. A 0  uses an enhanced, corrected 
MlNlNEC algorithm for improved accuracy and 
assembly language for high speed. A 0  features 
3.0 radiation patterns, 3-D geometry and wire- 
current dis lays. 2-0 polar and rectangular plots 
with ove&ys, automatic wire segmentation, 
automatic frequency sweep, symbolic dimensions. 
symbdic exyss+ms, skineffect modeling, current 
sources, po anzatton anal sis, near-fi~ld analysis, 
and pop-up menus. ~ ~ ; / w i r e s  1 . i  accurately 
models hue earth losses and complex anays with 
the so histicated Numerical Electromagnetics 
Code. gnalyze elevated rad~als, Beverages, delta 
bops, wire beams. giant quads. LPDAs. or entire 
antenna farms. 3-D geometry dis lay, 2-0 polar 
and rectan ular lots with we& s Modelin 
capacity: 90 .  255 pulses; ~ ~ ~ h i r e s .  1008 
segments (45012000 for symmetnwl, free-space 
designs). A 0  a NECNVires. $100: both. $130. 

YO 6.0 autanatican~ optimiies mon~band Yagi 
designs for maximum forward gain, best pattern, 
minimum SWR, and adequate impedance. YO 
models stacked Yagis, dual driven elements. 
tapered elements, mounting brackets, matchin 
network! skin effect, ~ u n d  reflect~o", a"% 
construction tolerances. 0 optimizes Yagls wlth 
up to 50 elements from HF to microwave. YO 
uses assembly Ian age and runs hundreds of 
times faster than ~g or MININEC. YO is &?libfat- 
ed to NEC for high accuracy and has been exten- 
sivd validated against real antennas. YO IS hi hly 
rp&cal. mou-enabled, and easy to use. &c/ 

agrs 2.0 provides reference-accuracy Ya i annly- 
sis and modeling of large anays of Yagis. 2 speci,al 
feature instantly changes array panems and galn 
as ou adjust amy  spacin 1000 segmerits 
(2080 in free space,. YO w i t % ~ ~ ~ i ~ a g i s .  $100. 

386 + 387 and VGA required. Visa, Mastercard. 
check, cash. or money order. Add $5 overseas. 

Brhn Beezky, KGSTI .3532 Linda Vista 
San Marcos, CA 92069 . (619) 599-4962 

LlISCOL'CII rtiL WOHI I1 0 F  III AdlFL lfll11S~wr M(lTOHOLn RLILLETIN.5 UNlVERSdL DIGITAL FRtOUENCY READOUT I FASTSCAN TFLFVISION 1 ' 1 1 1  . , 1 . I  .11,11111' .,I., , ' :liF.111.-8 l h  I ii'J~~c.cI I,, , ~ ~ . t l ~  

I AMATEUR TELf VISION CONVERTERS 
AlV3 420 4% I < ,  , A L  f r TI S 49 95 Kn 
ATV4 402 9'8 ((1 4'. PI T I  S 50% Kt1 

2 METER VHF AYPtlFlERS 
35 Wan Male1 3 5 A  5 7995 K4 
75 wan MM~I 8 . i ~  ~ 1 1 9 %  KI 

IIw.~ u l v ~ t l  ,I) ! t w  h4< l l l~ l i<  ,I A 1 1 ~ ~ 1 1 ~  l u r 8 ~ .  

AN~'.I$ vnw AIZ.II IWW 
AN%.' I.I~I&V ~ l i l n i  ooow 
ANl lqL  :?:lW FRII'I 140W 
ANiiqH low FR.'IA XXIW 

EI~ IMMXIW 
Nowlt 1 K WATT 2-60 MHz Amplllier 

POWER SPLITERS d COY81NERS 2 39M& 
600 Wan PEP .? Pon 5 + , ' I  95 
lm Wan PEP 2 P 7'1 95 
i7rm wan PTP 4-P R q  qs 

roo WATT 420.450 urn PUSHOVLL 
LINEAR AMPLIFIER - SSB . FM AN 

KEBBi PK IKIII 5159% 
KEB67.l'CH (PC finnnll. . . . .. ..... 5 t B M  
KERI(7-I (Manual) . . .. .. ... ..5 5 W 

HEAT SINK MATERIAL 
Model 99 He;$t Onh (6 5 r 12 r 1 6) .. .S 24 M 
CHS-8 Copper Spreader (8 x 6 x 3!n) .. 5 22 00 I 

We stock Hsrd-to-Rnd patis 
CHIP CAPS-KemeVATC 
METALCLAD MICA CAPS- I 
RF POWER TRANSISTORS I 
ARC0 TRIMMFR CAPACITORS 
BROADBAND HF TRANSFORMERS 

MINICIRCUIT MIXERS 
SE4. t i 1  500Mzl I B M  
SBL-lX (I0 IIXXMIZ) 1 795 I 

c.~~wM)I,,, 508 M i l l s t o n e  D r i v e  Beavercreek, Ohio 45434-5840 
shlpplng.4 handllng (51 3) 426-8600 - FAX (51 3) 429-381 1 

'FORDABLE - HIGH QUALl 

2 YEAR WARRANTY 

STANDARD SERIES 
5-1325 25MHZ $549 
5-1340 &MHz $495 
5-1565 60MHZ $539 

iLENCO OSCILLOSCOPES 

DELUXE SERIES 
S-1330 25MHz $449 
S-1345 40MHZ $575 
5-1360 60MHz $775 

V :!7 70MHz Oual Trace . $425 
v 525 !~OMnz. Cursors 11.069 

V 523 - 50MHz. DRayed Sweep 1 9 7 3 5  
V-522 - 50Mnz. DC Onral 1975 
V 4 2 2  - 4OMnz. DC Onrsl 1049 
V-222.2OMHI. DC Onwt 1695 
V€60 - 6OMHz. Dud T r a a  - 11.375 
V . M Y  - BOUHI.OT. wImrsu $ l . U 9  
V-TOM)-  IOQUHz, hul Tr- $ l . Y 9  
V.106Y. lOMIH2.0T. W W m -  $1.695 
V.1085.1MUHI. 01, W l C U R L Y S 2 . 1 2 5  

F r u n :  15418 - 4OMHz Dual Trace 1749 
. H p h m b C R T  .NSpr .D.hrdb.rp 2160 - SOUHI Duel Tram. Odaysd SwMp. 

Dual Tlms Baas 1949 

mMlllpa.Tvn.+-<flmrradnpUI.d .&lfinCcmDmnhI gwCU* Delwtd Sweep 11.378 
on CRT lhm i h m d e ~ l ~ l t  fS-1245 mtrt Pbs IRIh. kl,vmdmr, -- 2 s ~ ~ .  munz I 20USJs s n n g . s e s o  
~ r m c h . m x h m m  I 

I FM Rccelrer Klt I Tralnlng Course / I 

FLUKE MULTIMETERS 
(All Modr l l  ArollobY C d l l  

-93 ~1.m.m m ~ . .  
-95 II.549m W 7 M I  SBO.06 
UcdU 97 11,79500 Urn* 7711 S149.m 
10 S"*. MOW 7911 1175.m 
-el lo M2.85 M Sr*. 
Modsl ?2 W.85 87 m.00 

3-3N Dig11 Mulllmeter 
~u.390 

$139.00 
.O I%DCVriiy 
.mq b l q r l p ?  

- h s n u a ~  nna'no 

" '~cm2~~~~~:": . ~ e r n p ~ a ~ ~ ~ r  proha 

? ? $75.00 

3 fvlh rqula!rd s u d u ( ;  1 CISVO 
IA, 1510  1,valaao.s3velAl 
ma sv B 3 l  UH XP420K $49.85 

Mple Power Supply 1 Quad Power Supply 

p- -- 

Olqllal Multlmeter ~ i t ~  
win lrntnlng Covrw 

a" E I ~ C O  

h1.2666~ 

$49.95 ' . Fd IMh ,, A.g,., 
r ~ ! f a  law Wll. !doll uhwl P P ~ ~ ~ ~ ~  

M.zM1 (Al-mbW U5 00 

riw'"Vaf 
Fovr wwan 10 or? 18nlI. 2-tOVW Y. 
svB3A.5V@5~aM12V@lAM 
r q u l a t ~  and %nm po:nn.dea 

High Cunanl OC Power Supply I WlC Band Slgnsl GennrMn 

- 

~re~uencyC~nlar 
F.1225 

$225.00 
.8aplLEOww 

. ~ m P m , n o r q s  . )algj, ,m,,lin~ 

.Dam tlola lunnsao . lnhn ,wmcs ,UL) IOLA . 10 I ~ n p ~ t  annnua~ion ~ u n m  

~ K . I &  

$169.95 
.3lo!4VOC~twl .IZAMIJBV 

hnomnmbwlaqa 
' "" "mO"O ca 5'siaos~ 

-m. harnracMr nic . cmnnz or r m s  n paralie, c urmm 

SG4ilOO 

450UHI RF Fnpuano. IY IWK- 

tm o( IKHZ Vatab* - 
SOVlXl l5OYHz 
h l j l t  ~n mn* 



APP~C 
MODEL wtion 

XF-9A SSB 
XF-9B SSB 
XF-9B-01 LSB 
XF-9B-02 US0 
XF-9B-10 SSB 
XF-9C AM 
XF-9D AM 
XF-9E FM 
XF-9M CW 
XF-9NB CW 
XF-9P CW 
XF-910 IF noise 

Band- 
width Pdrt Me8 

2.4 kHz 5 S 75.00 
2.4 kHz 8 105.00 
2.4 kHz 8 145.00 
2.4 kHz 8 145.00 
2.4 kHz 10 185.00 
3.75 k ~ z  8 110.00 
5.0 kHz 8 110.00 

12.0 kHz 8 120.00 
500Hz 4 80.00 
500Hz 8 165.00 
250 Hz 8 199.00 
15 kHz 2 20.00 

XF-107A 12 kHz $105.00 
XF-107B 15 kHz 105.00 
XF-107C 30 kHz 105.00 
XF-107D 36 kHz 120.00 
XF-107E 40 kHz 125.00 
XF-107S139 100 kHz 145.00 

Write for full debris of crystals and fliters 
Shipping 1 .00  

Prices subject to change without notice. 

1 1 0 Winter 1995 

CALL 

NEMAL 

Adapters 
Cable Assemblies 
Coaxial Cable 

Manufacturer Of Custom 
Electronic Wire And Cable. 

Low Minimums Quick Delivery 

CALL US AT 
1-800-522-2253 

OR FAX YOUR REQUIREMENTS TO 
1-305-895-81 78 

Call for yoor copy of our new 44page 
Cable 8 Connector Selection Guide. 

More than 2.500 commercial and OPL 
cable and connector products in  Stock. 

NEMAL ELECTRONICS, INC. 
12240 N.€14thAV€, N.MIAMI, FL33161 

(305) 899-0900 

Completely rev~sed,  the CQ 
Equipment Buyer's Guide is the definlt~ve 
reference gu~de  for Ham Radio. Since 
1989, our guides have been the single 
source for information on what equipment is 
available, features and functions, and, of 
course. where to buy it! And, this year's edi- 
tion is no exception. 

If that isn't enough.. . read on! 
This year's Buyer's Guide features practical 
articles from some of our hobby's foremost 
experts on DXing, packet radio, satellites, 
SSTV, installing antennas and towers, and 
advice on getting that elusive General Class 
license. Together with our world-acclaimed 
equipment and dealer listings, the CQ 1995 
Equipment Buyer's Guide is a package of 
solid information that no ham should be 

I DIGITAL FIELD STRENGTH METER 1 

L I 

High Performance, Preclslon Instrument 
measures inrelative and absolute units 

Relative measurements from 60 Hz to the GHz 
range and absolute measurements from 1 MHz to 
100 MHz. (Broad band wlth no tuning adjustment). 

Adjustable length dipole antenna sets required 
sensitivity (At high gain settings, ambient R.F 
fields from local sources will indicate on the display). 

Dipole antenna eliminates need for a counterpoise. 
(A single antenna type field strength meter utilizes 
the person holding the unit as the counterpoise). 

Consistent and repeatable readings can be obtained 
with the Nye Engineering unit since it is not neces- 
sary for the observer to hold or be in close proximity 
to the meter. 

I A heavy duty cast aluminum, gasketed cubical 
enclosure is used. It does not easily tip over. I 

I The 'SIGNAL CUBEW is factory calibrated to a stan- 
dard for both absolute and relative measurements. 1 

I 
Whether you order 1 part or 
all 50,388 ... MOUSER stocks 

and ... ships same day!! 

CALL ...( 800) 992-9943 1 

I ELECTRONICS I 
1 Sales & Stocking Locations Nationwide 1 



Down East Microwave Inc. 
954 Rt 519 

Frenchtown, NJ 08825 
tel. (908) 996-3584 
fax. (908) 996-3702 

For Ants. & Ant. Accessories only: 
Directive Systems 

RRl  , Box 282 
W. Lebanon, ME 04027 

HIGH POWER (2Kw - 70Kw) BALUN TO MATCH 5052 COAXIAL TO: 
PART NO. PRICE 

12.5~-Balanced Direct CgnneqYagiBeam 4:1 HE50 $39.95- 
- S(X_Balanced 1/2A Drpole~or_Yag~ Beam 111:HBHM $39.95- 

75i1-Balanced - l/zk~D1pole_at_O22A.above Ground 1.5:l-HVB75 559.95- 
1 W i L B a l a n c e d  - 1~2A~D1pole_at_O.22A~0.33k~&~uBd Lo00 2-1:HBI W $5995- 
200iJt)alanced Foldwl Dopole, Log Per!odic_Beam 4:l.HBMZW $39 95- 
200 i1Ba lanced  & Unbalanced Off Center-FedJntennas 4>HB/U200 $59.95- 
2000 Balanced lOKw Antenna Tuners & G5RV 4:l-HBHT200 159.95 

Log P a r ~ o d ~ ~ B n a m  

-30093009~alan~ 3f)OQ Ribbon Folded Dipo_le 6:l-HB3W $59& 
_3001l-Balanced-& Unbalanced Off Center Fed-Antennas 6&HB/U300 $8995- 
_450UBa lanced  Twln LeadL-adder-Lone 9:l-HB450 $89.95- 
6MK1 Balanced Rhomb~c & V Beam Antenna 1 2 1 - H B W  $199.95 

UNUMfm qround rr(La. dw-, inn*ted L P& MORE power into your 
PPJn NP. ~~ PRlCE 
2:l HDUSO 

(2 Ratios) 
5 0 ~ 2 2 ~  ~ 9 . 9 5  ANTENNA and get better and 
50:25u 

~conneding SOP coaxial mivnaron oi  ~o SOP ~arallel m r i a n  higher signal strength. Use 
21-HDUlM) 112.5:5OU 549.95 

(2 Rattosl 100:500 W2FMI Balun & Ununs by 
1.5:l-HU75 75:5W 549.95 

kmnneding 931 maxi81 m 7m cuaxralt JERRY 
4:l-HCU50 50.12.5~ $49.95 98% (Avg) Efficient - 
9:l-HUW m5.56Q $49.95 . (<0.2dB Loss) 
1.78:l-HDUM) W:28P $49.95 

12 Ratios) W12.5Q lMhz to MMhz 
1.MI:l-HDUSO W32Q 549.95 up to ~OKW 

12 Ratios) 5018U 
1.78:l-HMMU50MULTlMATCH UNUN 563.95 Curronr&Vo/&g~Typ~ 

P dmtlcrenf rarios; w n  bs used far Beverage AmnnaI 
Unmnd~t~anal m o w  back guanntem for 1 war on m p ~  unn. ALW)AVAMAUE: 

M ~ w h m d ~ m ~ w  
guuantad to pivs wm.ndingpdammma 

C m p . ~ w i t h & m s t c h i n g ~ ~ s i w b U a i .  

NOTE OTHfR RALUN & UNLIN TAANSIORMLRS AVAII AHlE PLtASE WL lX 
WRITE FOR ADOlTlONAL M T A l l  

11 'Tranrm~rnon Lane Transformers Design HandbmLs'. 
by Jerry S e v ~ k .  WZFMI. Amndon Assac8mes. Inc.. 
1991 Y) W en. 

2) -Transmorr~on Uns Tnmfwmsn'. by Jeny SsvMC 
WZFMI. APRL. 1990.520.00 en. AM I DON, INC.F] m] 

~.<>, , , , ! , , , ,P , l  ,<> 1 .<~'~ll"#l, +, st,,c<. 1563 - 
31 22 A lpme Avenue. Santa Ana. C A  92704 
Phone: 714-850-4660 FAX: 714-850-1163 

1 ELNEC 
Advanced Antenna 
Analysis Program 

1 N t o k u n m d . . l y t o u n , E U I E C W p u . n ,  
m . m r t y . n ~ t Y p . ~ ~ . n ~ l n D ~ ~  1 Inn ~ r o n m ~ .  Derrlba your antonne rrfth 
ELNECa unlque m u  ab'ucture n d  .pread.h..(- 
Ilk. .ntry oydm md watch It m a *  dmuth  n d  
.Im(lon plot#. ropofl b.um(dth. f/b ratlo. WrwW 
ngle, gdn. n d  more. S N ~  md rocdl ntonna 
fllea. Pllnt plob on your dotmatrfx or I.ur prlnter. 

ELNEC u n o  th. bll powor ol MININEC cod. krl 
mdee derrlptlon. .n.ly.lm, md c h n g . ~  M d e  
u d w  n d  Mu. Wlth ELNEC there's no m d n g  
WIUI 'pulnm' - ~ua tell n wt~ere on e wire you want 
a source or load to go, and EWEC puts n there. 
*nd n there. evm n you change tho anten- 
M. ELNEC hmm a holt ol other fw!urea to n u ~ e  
w l y d e  h* and way. The M d  opUon extmde 
ELNECa upablllty to vwy complex antmnu (up 
to a30 'pulna'). 

ELNECruneonmy-caprrrrlh 
.L I.ul512k RAM, CQAIEOAIVGARkrcu~ md 
S/S or 24 pln Epum-compatIMe or HP LurJW 
D..W.l prlntu. (Rn MnP optlon mqulrea a hard 
dl*, coprocmuor. and 64Ok RAM.) 

T h . n m n ~ c o p y p r o l . c t l o n h . u k r r l h ~ -  
Re not copy protodad. And o f  c- (h.n'a a- 
tm&e docunmr(.(lon. 

ELNEC la only $49.00 m. MuP lm SZS.00. 
( P h n  8dd $3.00 p u  ord.r (a M I  ouf*d. N. 
Amotlca) VISA and MntnCud ordue m accqA- 
ad - plena Include u r d  number n d  explratlm 
d*e. Sp.c~copraeaawornoncopraurrwfypo. 
Order or M e  tor more Information from: 

Roy Lewallen, W E L  
P.O. Box 6658 

Beaverton, OR 97007 

- 

I-..:TI 

VARCNOTCHO DUPLEXERS @ 
m R  2 METERS 

The TX RX Systems Inc. patented Vari-Notch filter 
circuit, a pseudo-bandpass design, provides low 
loss, high TX to RX, and between-channel isolation, 
excellent for amateur band applications. TX RX 
Systems Inc. has been manufacturing multicoupling 
systems since 1976. Other models available for 
220 and 440 MHz, UHF ATV and 1.2 GHz. 

MODEL 28-37-02A 
144-174 MHz 

92 dB ISOLATION AT 0.6 MHz SEPARATION 
400 W A T  POWER RATING 

TX RX SYSTEMS INC. 
8625 INDUSTRIAL PARKWAY, ANGOLA. NY 14006 

TELEPHONE 716-549-4700 FAX 716-5494772 (24 HRS.) 



AMSAT q' The Radio Amateur Satellite Corp. 3 
SOFTWARE 

If you want to use, or just listen to, the various Amateur and 
weather satellites - AMSAT offers a variety of inexpensive satellite 
software for IBM@ compatibles, including both DOS@ and 
Windows@, plus a tracking program for the Macm. 

Here are just a few: 

WISP - A brand new Windows based program by ZL2TPO 
provides all the facilities needed to operate the digital Amateur 
satellites. 

WINSAT - A new Windows based satellite tracking program by 
KA7LDN. 

QUIKTRAK - N4HY's full featured DOS based program. 
(For CGAIEGANGA systems) 

INSTANTTRACK - AMSAT's most popular tracking software by 
N6NKF. (For DOS systems with EGANGAISVGA) 

SATEI.IIITE PRO - A tracking program for the Macintosh by 
W7HR. 

And many more! 
For further information or to order, contacl: 

AMSAT 
PO Box 27, Washington, DC 20044 Phone 301-589-6062 

IBM is a registered trademark of lntemat~onal Buslness Machlne Co. 
DOS 8 Windows are registered trademarks of Microsoft Inc. 
Mac. is a conlraction of Macintosh, a registered tradema* of Apple Computer Co. 

E SPACE SHUlTLE VIDEO 
Many ATV repeaters and individuals are retransmitting 
Space Shuttle Video & Audio from their NRO's  tuned to 
Spacenet 2 transponder 9 or weather radar during signifi- 
cant storms, as well as home camcorder video. If it's being 
done in your area on 420 - check page 501 in the 94-95 
ARRL Repeater Directory or call us, A N  repeaters are 
springing up all over - all you need is one of the TVCdG 
A N  420-450 M H z  downconveters, add any N set to ch 2, 
3 or 4 and a 70 C M  antenna (you can use your 435 Oscar 
antenna). We also have ATV downconverters, antennas, 
transmitters and amplifiers for the 400,900 and 1200 M H z  
bands. In fact we are your one stop for all your A N  needs 

P.C. ELECTRONICS Tom (WBORG) 
2522 Paxson Ln Arcadia CA 91007 Maryann (WB6YSS) 

PC HF Facslmlle IS a simple. 
yet mmprehenslve short-wave 
fax system for the IBM PC and 
compat~bles n lncludes an 
FSK demodulalor, advanced 
s~gnal processing software. 
tutorla1 audlo cassette, and 
complete reference manual. 
Just plug the demodulator Into 
a ser~al port, Install the 
software and getllng FAX IS a 
snap 

( PC SSTV $149.95 . I 
PC Slow Scan Telev~s~on IS a L- 

complete system for sendlng L.! 

and recetvlng full color amateur 
SSTV The package Includes 
an SSTV FSK modem S S N  
software Image capture 
ullllltes and reference manual 
All popular formats are 
supported lncludlng Robot. 
Scott~e Martln and AVT The 
system requlres a 286 386 or 
faster PC w~th VGA or super 
VGA display 

Have It All For Only $199.95 
For a llmtted lime we are offerlng both software packages mth a slngle FSK modem 
for under $200 Thls comblnatlon offer will let you send and recalve all the popular 
HF Image lransmlsslon modes 

Call or write for our free catalog. Visa and Mastercard welcomed. 

ADVERTISER'S INDEX 
AEAIAdv. Elec. Applications ................. 3 

.......................... Alinco Electronics Cov.11 
............................. Amidon Associates I I I 

............................................... AMSAT I I2 
................................. Astron Corporation 5 

........................ Beezley, Brian, K6STI I09 
......................................... C & S Salcs 109 

................. Communications Concepts 1 09 
................... CQ Almanac & Calendars I08 

............ CQ Fquipment Buyer's Guide 1 10 
....................................... CQ New Books 8 

........................ Down East Microwave 1 I I 
Hewlctt Packard ...................................... 7 

....................................... Kenwood Cov.IV 
........................ Lewallen. Roy. W7EL I I I 

.............................. Motron Electronics 109 
............................. Mouser Electronics 1 10 

............................... Nemal Electronics 1 10 
................................. Nye Engineering 1 10 

..................................... PC Electronics I 12 
............. Software Systems Consulting 1 12 

................. Spectrum International. Inc 110 
............................ TX RX Systems Inc 1 I I 

............................................. Yaesu Cov.111 

We'd like to see your company listed hcrc 
too. Contact Arnic Sposato, N21Q0, at 
(5 16)68 1-2922 or FAX at (5 16)68 1-2926 
to work out an advertising program to suit 
your needs. 
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general coverage receiver *Built-in DSI' 
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opcr;~rion 410s  FET power 
module *Dot-matris LCD. 
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