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Freedom of Communicatio 

Imagine you're on the road with 
your family. You're on vacation, 
chatting on the radio as you drive 
along from state to state. You pass 
through southern Pennsylvania, and 
cross the border into New Jersey on 
your way to a week at the Jersey 
shore. Suddenly, you look in your 
rearview mirror and see the lights 
of a police cruiser flashing as it 
comes up behind you. You check 
your speedometer, and find you're 
going the speed limit. "Why's he 
pulling me over," you wonder. "I 
haven't done anything wrong." Or 
have you? 

The officer approaches your car 
and you look up at him in bemuse- 
ment as he begins asking you ques- 
tions about your rig. What type of 
radio are you using, what frequen- 
cies is it capable of receiving, on 
what frequency are you operating, 
do you have a permit to have this ra- 
dio in your car? You answer all his 
questions and tell him that you 
didn't know a permit was required. 
You show him your amateur radio 
operator's license which confirms 
your right to operate a mobile radio. 
Or so you believe. The officer asks 
you to follow him to the local police 
station. Here you and your family 
wait while your radio equipment is 
confiscated. You're told that you 
are in violation of a New Jersey stat- 
ute (on the books since the 1930s) 
which prohibits you from having, in 
your vehicle, a radio capable of re- 
ceiving public safety (police, sheriff, 
fire, EMS, and so on) or govern- 
ment frequencies-an indictable 
criminal offense. As a matter of 
fact, you would have been in viola- 
tion of the law, even if your radio 
wasn't on when you were stopped. 
Even if the radio had been discon- 
nected and in your trunk, as long as 
it was capable of receiving these fre- 
quencies, it put you in violation of 
the law. Mere possession is a crime! 
The police release you on your own 
recognizance. You don't know 
when, or if, you'll get your equip- 
ment back, if you'll be required to 
pay a fine, if there will be other re- 
percussions. Some vacation! 

n :  Protecting our right of acces 

Sounds like the stuff of night- 
mares, doesn't it? But New Jersey, 
and a handful of other states (in- 
cluding Virginia, Michigan, Con- 
necticut, and Kansas) have state and 
local laws which prohibit you from 
operating mobile radio equipment 
or carrying mobile scanners that can 
receive public safety and govern- 
ment frequencies.* In some munici- 
palities, you are allowed to have this 
type of equipment in your car- 
provided you obtain a permit from 
the appropriate government offi- 
cial. However, such permits are 
hard to come by. Penalties, if you 
are found in violation of these laws, 
run the gamut from confiscation of 
equipment, fines, and, in some ex- 
treme cases, imprisonment-all be- 
cause you have a mobile rig! And 
even if your radio doesn't receive 
the frequencies in question, your 
equipment may still be confiscated 
because the officer who stops you 
may not be knowledgeable enough 
about your particular radio to know 
if what you say about its operating 
capabilities is true. Enforcement is 
arbitrary-at the whim of the public 
safety official. 

The rationale behind these now 
infamous "scanner laws" (as they 
have been christened) was probably 
to prevent criminals-such as bur- 
glars-from using police frequen- 
cies to determine if officers had 
been dispatched to the scene of a 
crime. But if these people are crim- 
inals in the first place, will they real- 
ly worry about carrying "illegal" 
radio equipment in their vehicles? I 
think not. In the meantime, amateur 
radio operators who monitor these 
public safety bands in order to offer 
assistance in times of emergency, 
have their hands tied if they live in 
an area which prohibits them from 
listening in. 

At the urging of the American 
Radio Relay League, the FCC has 
been studying whether to take pre- 
emptive action to nullify certain 
state statutes and local ordinances 
affecting transceivers used by li- 
censees of the amateur radio service. 
In response to the ARRL's Request 

;s to the airwaves. 

for a Declaratory Ruling Concern- 
ing Possession of Radio Receivers 
Capable of Reception of Police or 
Other Public Safety Communica- 
tions filed on November 13, 1989, 
the FCC initiated a Notice of Zn- 
quiry (PR Docket 91-36). Replies 
were due by July 8, 1991. Dozens of 
comments were received from ama- 
teur radio operators, General Radio 
Mobile Service (GRMS) users (ex- 
plaining why they too should be pre- 
empted from the laws), and the As- 
sociated Public-Safety Communica- 
tions Officers, Inc. (APCO). All 
support the ARRL request to ex- 
empt hams from the scanner laws. 

Besides the obvious solution of 
simply granting the exemption, the 
FCC has been looking to amateur 
radio equipment manufacturers to 
eliminate the out-of-band capability 
in mobile equipment. Other oppon- 
ents of the laws propose that those 
who don't want their broadcasts 
overheard, should simply encrypt 
their transmissions-as government 
agencies and commercial operations 
often do. 

There's no way of knowing what 
the outcome of this debate will be. 
But we must remain vigilant; this is 
an issue that affects us all. Hams 
continue to loose their equipment, 
pay fines, and face harassment in 
the few states which choose to en- 
force these arbitrary laws. Granted 
there are times when radio security 
must be maintained in the interest of 
public safety, or to protect the rights 
of individuals. But why are these 
agencies trying to take away our 
freedom of access to the airwaves, 
our freedom of communication, by 
insisting that we be the ones to take 
responsibility for their needs to pri- 
vacy? The responsibility to protect 
the integrity of public safety fre- 
quency transmissions lies not 
with the private sector, but with 
those charged to serve us. 

Terry Northup, KAl STC 
Editor 

'In 1991, a bill was introduced into the New Jersey Senate 
which would make mobile scanners illegal only if they were 
used in the commission o f  a crime: that is, for an Improper 
purpose. The bill has passed the Senate and is now being 
considered by the Assembly ( WJYIReporr. September 
IS. 1991). 
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LETTERS 

Comments on "Antenna Angle of Radiation 
Considerations" 
Congrats on another great issue (Summer 
1991). I feel compelled to comment on the 
article by Carl Luetzelschwab, K9LA, as 
follows: 

K9LA's treatment of the tired quad versus 
Yagi controversy is concise, accurate, and 
incontrovertible, for which he deserves 
praise-and here's mine. Unfortunately, 
though, his article continues to propagate 
the argument rather than laying it to rest, as 
someone should. 

To do that, the term "radiation angle" 
must be purged from our vocabulary. The 
concept implies that propagation occurs at a 
certain vertical angle, the one at which an 
antenna'spattern peaks, as if the antenna 
controlled that angle. It doesn't; the 
geometry of the path selects the angle. 
Energy radiates at all angles in the antenna's 
pattern, of course, but the energy at the 
wrong angle for a path goes somewhere else. 
Wave angle is the name of the vertical angle 
that supports a particular path, a path which 
depends on the effective height of the 
ionospheric "reflection" and on the distance 
between stations (or remote ground- 
reflection points). Yes, multipath propaga- 
tion happens; but when, for example, a two- 
hop and three-hop between both occur be- 
tween a pair of stations, each path has its 
own wave angle. The antenna pattern, affec- 
ting how radiated power varies with angle, 
does affect the relative strength of signals 
taking each path. 

The distinction between maximizing radia- 
tion at low wave angles and needing a low 
"radiation angle" is not merely pedantic. 
The "radiation angle," meaning the angle at 
which the lobe peaks, only affects the power 
radiated at any specific wave angle indirect- 
ly; sure, a low radiation angle tends to 
radiate more power at low angles, but that's 
only a tendency, one which misses the point. 

To appreciate where such misplaced em- 
phasis leads, let's consider K9LA's article. 
Generally, DX paths on 20 meters have wave 
angles between 2 to 10 degrees. Yet K9LA's 
Figure 2 (dipole versus loop) stops at about 
15 degrees. The two curves are indistinguish- 
able below 20 degrees, yet he concludes the 
loop is better. Similarly, the Yagi versus 
quad graph, Figure 3, shows the quad to 
have the lower lobe peak; that's nice, but ir- 

relevant. The quad does exhibit an edge of 
roughly 1 dB in the range from 25 degrees 
down to 10 degrees, but no clear advantage 
at 5 degrees-perhaps because the graph scale 
can't show it. Thus, even when the author's 
assertion has merit, the concept of radiation 
angle prevents him from making his case. 

My second point concerns comparisons on 
the basis of boom length or element count. If 
a five-element 30-foot boom Yagi is easier to 
erect than a two-element quad, why compare 
the quad with a two-element Yagi? Those 
who insist on that comparison should con- 
sider that a few extra feet of mast would 
boost the Yagi's low-angle signal enough to 
match that of the quad; surely that small 
Yagi, even with a taller mast, is easier to 
erect than a quad, and its lower wind 
resistance makes the taller mast structurally 
allowable. 

Quads do have advantages; they are 
cheap, broad-band and, some say, quieter in 
rain static. But the focus of K9LA's com- 
parisons was limited to radiated signal 
strength. On that basis, equal element-count 
quads may perform better at very low 
angles; but, when antennas of similar bulk, 
wind loading, or ease of erection are com- 
pared, the result may favor Yagis-the arti- 
cle, like most, doesn't tell us. In future 
technical articles, let's abandon the tired and 
worthless "radiation angle" and element- 
count comparisons and compare perfor- 
mance in ways that matter. 

David M. Barton, AF6S 
San Jose, California 

Part 2 of K9LAJs article, "Antenna Angle o j  
Radiation Considerations, " appears on page 
61 of this issue. Ed. 
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ST-8000 HF Modem 
Real HF rodlo teleprinter signals exhlblt heavy 
fading and distortion, requirements that cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. In designing the ST-8000, 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor is at -65 dBm, not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 

distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the input 
tone frequency: heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwidths of the input, Markispace channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud. Other 
standard features of the ST-8000 include: 

8 Programmable Memories Signal Regeneration 
Set frequencies in I Hz steps Variable Threshold Diversity 
Adjustable Print Squelch RS-232 Remote Control I10 
Phase-continuous lX Tones 100-1301200-250 VAC, 44-440 Hz 
Split or Transceive TXIRX AM or FM Signal Processing 
CRTTuning Indicator 32 steps of MIS filter BW 
RS-232C, MIL-188C, or ill. Data . Mark or Space-Only Detection 
8,600, or 10KAudio Input Digital Multipath Correction 

FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5" High Rack Mounting 

Write or call for complete ST-8000 specifications. 

HAL Communications Corp. 
Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
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VERSATILITY PLUS + 

L.L. Grace introduces our latest product, the DSP-12 Multi-Mode Communications Controller. The 
DSP-12 is a user programmable, digital signal processing (DSP) based communications controller. 

- 
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FEATURES 
Multi-tasking operating system built in 
PC-compatible (V40) architecture allows devel- 
opment of custom applications using normal 
PC development tools and languages 
Motorola DSP56001 DSP processor 
Serial interface speeds from 1 10 to 192( 
Optional 8-channel A-to-D & DAC for 
and telemetry applications 
1 ?.-bit conversion architecture 
V40 source code and schematics available 
RAM expandable to one megabyte. Useable for 
mailbox feature, voice mail and development 
EPROM expandable to 384k bytes 
Low power requirements: 10-1 5vdc, 750ma 
3 analog radio connectors. RX & TX can be 
split in any combination. Programmable tuning 
outputs are available on each connector 
Many modems available in  the basic unit, 
including Packet, RTTY, ASCII, and PSK modems 
for high speed packet and satellite work 
Both V40 and DSP programs can be 
line-loaded from your PC or a bulletin 
You can participate in new development! 
Built in packet mailbox 
V40 and DSP debuggers built in 
Open programming architecture 
Free software upgrades 
Low cost unit 
Room for future growth 
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APPLICATIONS 
HF Packet 
HF R l l Y  & ASCII, including inverted marwspace 
and custom-split applications 
VHF Packet 
400bps PSK (satellite telemetry) 
1200bps PSK (satellite & terrestrial packet) 
V26.B 2400bps packet 
9600bps direct FSK (UO-14) 
Morse Code 

CUSTOM APPLICATIONS 

Voice compression 
Telemetry acquisition 
Message Store-and-Forward 
Voice Mail 

COMING ATTRACTIONS 
(Remember, software upgrades are free!) 

WEFAX and SSTV demodulators 
NAVTEX 
AMTOR and SlTOR 
Multi-tone Modem? 
ARINC ACARS 

Commercial inquiries are welcomed. We offer rapid prototyping of custom commercial, civil, and government 
applications including intelligent radio, wireline, and telephone modems. 

......................................... DSP-12 Multi-mode Communications Controller $ 595.00 
................................................... One Megabyte RAM Expansion Option 149.00 

......................................................... Date/Time Clock Backup Option 29.00 ..................................... 8-Channel A-To-D Telemetry/Experimentation Option 49.00 ........................................... Wall-Mount Power Supply for DSP-12 (1 10 vac) 19.00 

We accept Mastercard & VISA and can ship C.O.D. within the USA. All  orders must be paid in US Dollars. 
Shipping & Handling: $5 ($20 International). 

L. L. Grace Communications Products, Inc. 
41 Acadia Drive, Voorhees, NJ 08043, USA 

Telephone: (609) 751 -1 01 8 
FAX: (609) 751 -9705 

Compuserve: 72677,1107 1 /91 

L. L. Grace also manufactures the Kansas City Tracker family of satellite antenna aiming systems. Call or write for more information. 
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By Robert Hinrichs, WM6H 
Apt. #I05 

2030 Glass Road, N.E. 
Cedar Rapids, Iowa 52402 

DSP ON THE PC 
Explore DSP technicrues usina live 
siinals from the ha; bands Grid 
i&xpensive PC analysis software 

w ith digital signal processing 
(DSP) modems and TNCs under 
development and soon to be 

available, amateurs must learn the concepts 
behind the new technology they will be us- 
ing. But short of enrolling in college, where 
do you go to learn DSP?* Traditional uni- 
versity textbooks on signal processing are 
available, but their formal treatments often 
act as a barrier to all but the math experts 
among us. Page after page of sigmas and in- 
tegrals, while essential for mathematical rig- 
or, tend to discourage those just starting out 
in this most nonintuitive subject. If a supple- 
ment to the formal approach existed; if we 
could be shown, in an approachable way, 
DSP theory in practical use; then more ama- 
teurs would tackle the concepts behind this 
powerful new technology. 

PC-DSP: visual and intuitive 
Fortunately, a complement to the tradi- 

tional methods of learning DSP is available 
to PC owners. PC-DSP by Oktay Alkin, 
published by Prentice Hall, and priced at $20 
is quite a bargain. For this low price, you get 
DSP analysis software on diskette and a 173- 
page user's manual. 

PC-DSP lets you explore DSP techniques 
visually and intuitively. Menu driven and 
interactive, the program's power and utility 
lie in the superior use of graphics. Usual- 
ly, a properly scaled graph of the results 
of a DSP operation is available with a single 
keystroke. Time is spent learning DSP con- 

cepts, not graph plotting-the grunt work of 
signal analysis. 

Signals are created using the program's 
waveform synthesis capability or they can be 
imported from ASCII files generated exter- 
nal to the program. Once the signal is input, 
you can start to analyze or "process" the 
data by simply selecting among menu items. 
The author suggests the concept of a DSP 
calculator. My approach is more casual. 

If I don't know what a DSP operation will 
do for me, if I've never heard, for example, 
of the Blackman-Tukey method of spectral 
estimation, I just try it and look at the re- 
sults. Did the operation do what I suspected 
it might? For FSK signals, would the opera- 
tion make it easier to make mark and space 
decisions? Has the interference been re- 
duced? All this can be estimated by simply 
inspecting the plot PC-DSP provides. You 
can use PC-DSP with this nondirected (or 
possibly, pell-mell) approach toward inves- 
tigating DSP concepts; the learning takes 
place as you try to interpret the results you 
see on the screen. Of course, no study of 
DSP techniques is complete without a grasp 
of the underlying theory behind the selected 
operation. But when used with a good intro- 
ductory textbook, or classroom instruction, 
the program will enhance your understand- 
ing of the concepts. The program's ease of 
use and seamless graphics are gripping. The 
first night I used PC-DSP, I was up until the 
early hours of the morning experimenting. 
And I haven't done much in the way of late- 
night hacking since the early days, when PCs 
(and I) were much younger. 

*To learn more about DSP. see the articles by Brian Bergeron. NUlN in 
the Fall 1990. Winter 1991, and Spring 1991 issues of Communicalrons 

To run PC-DSP you need a 100-percent 
Quarterly. ~ d .  PC-compatible computer operating under 
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Figure 2. Plot of AMTOR signal 14.07 MHz (time domain). 

MS-DOS version 3.0 or higher and at least 
5 12 k-bytes of RAM. A CGA or EGA moni- 
tor is essential. The program will run with a 
nongraphics text display, but you'll miss out 
on its best features. If you have a math co- 
processor, PC-DSP will detect its presence 
and use it to speed up the processing. 

Operation 
Waveform generation using the program's 

synthesis and manipulation operators soon 
becomes tedious. As I've mentioned, com- 
plex and more realistic signals are generated 
using a high-level language like BASIC or C 
and imported to PC-DSP. You use their 
math and file functions to compute the sig- 
nal samples and write them to a DOS ASCII 
file. PC-DSP will input your file, assign it to 
a variable, and treat the data as its own. 

Once data is input, you can start number 
crunching. FFTs, DFTs, correlation, inverse 
FFT-DFTs, and spectrum analysis techni- 
ques are a snap for PC-DSP. Convolution is 
computed and graphed in an instant. 

Finite-impulse-response (FIR) and infi- 
nite-impulse-response (IIR) digital filters can 
be designed and analyzed within PC-DSP. 
Specify the characteristics of the filter, and 
the program provides the coefficients and 
analyzes the filter displaying (where appro- 
priate) impulse response, poles and zeros, 
magnitude, log magnitude, phase and group 

delay plots. FIR filter design uses the Fourier 
series method (with a choice of windows), 
Parks-McClellan, or least-squares methods. 
Butterworth and Chebyshev IIR filters are 
designed using the bilinear transformation 
method. PC-DSP's ability to analyze de- 
signed filters is a powerful learning device. 
You can enter a filter design from a textbook 
or an article and plot its characteristics. 

I often want a hard-copy printout of my 
filter's coefficients and characteristics. PC- 
DSP is deficient here, as it lacks a graphics 
print function. The only way to get a hard 
copy is to use the "print screen" key on the 
keyboard. Unfortunately, this only works if 
the proper driver program for your graphics 
printer is installed. Luckily, I found the cor- 
rect driver software in the public domain on 
a BBS. You might try your print screen key 
with a graphic intensive plot on your display. 
If your printer prints nonsense, then PC- 
DSP will probably give the same results. 
This is the only serious flaw in this otherwise 
terrific software package. 

After designing your filters, you can pass 
your data through them and plot each filter's 
output. This provides insights into what a 
DSP microprocessor chip will do for you 
when running a floating-point filter algorithm 
in real time. My first project was to generate 
1024 samples of an FSK signal (1600 and 
1800 Hz) keyed at 300 bps and sampled at 8 
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kHz (0.128 seconds of signal) using a C pro- the FFT function followed by the magnitude 
gram. The data was then read into PC-DSP. menu selection and press F2 to view the re- 
A plot of the data at this point is similar to a sults. Two spectrum lines are present at 1600 
snapshot of an oscilloscope's display. To and 1800 Hz in the frequency domain. But 
view the frequency spectrum, simply choose you'll observe some smearing of energy into 
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frequency "bins" other than the two you ex- 
pect. Find the answer to what causes this, 
and you're on the road to learning the power 
(and limitations) of DSP. 

Very real signals 
To paraphrase Mark Twain: "The differ- 

ence between a real-world signal and an al- 
most real-world signal is the difference be- 
tween lightning and the lightning bug." One 
just is not,a substitute for the other. I realiz- 
ed this after writing several programs that 
tried to simulate real-world communication 
signals for use as inputs to PC-DSP. The 
question was: "Just how real are my 
simulated signals?" 

Clearly, for our hobby, the source for PC- 
DSP analysis should be live signals right off 
the ham bands. This would eliminate the tirne- 
consuming step of writing a program to gener- 
ate signals of interest in the first place. Of 
course, there would be no doubt about the 
reality of the signals. Packet, RTTY, AM- 
TOR, beacons, and CW signals from the low 
end of the bands are the ultimate reality. 

To copy signals off the air, I needed some 
data acquisition hardware to interface my PC 
with my HF rig. Several articles have de- 
scribed such an interface.'J Software drivers 
for the hardware interface convert the digi- 
tized samples to ASCII for input to PC-DSP. 

The circuit I chose is shown in Figure 1 and 

is built around Texas Instruments' TLC32044 
Analog Interface Circuit (AIC). Besides the 
analog-to-digital (A-to-D) converter I need- 
ed to digitize the signals from the radio, the 
AIC includes a sample/hold circuit and an 
anti-aliasing filter for use in front of the 14-bit 
A-to-D. A digital-to-analog (D-to-A) con- 
verter and reconstruction filter are thrown in 
free. The D-to-A and reconstruction filter can 
be used to generate audio signals (not to the 
radio, but to a speaker). The AIC is a com- 
plete analog interface; only a few additional 
parts are required to interface with the PC. 

I built the circuit on a JDR Microdevices** 
protoboard (catalog no. PDS-601). The JDR 
board has all the circuitry necessary to inter- 
face with the PC, including address decoding 
and data buffering. JDR also includes a sol- 
derless protostrip area for building up your 
custom circuits. The board I chose was rather 
expensive but a lower-prided 8-bit version is 
available. As most of the signals are low-speed 
digital, layout isn't critical. Also, because 
there's no need to solder, the interface makes 
a simple weekend project. 

A few words about the TLC32044 AIC's 
signals are in order. This chip has an unusual 
serial interface. The PC doesn't understand 
this format, so U7 and U8 convert the data 
to parallel. The AIC has many operational 

**JDR Miemdcvim. 2233 Somuitan Drive. SM Jose. California 95124. 
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modes, but the mode it comes up in after re- 
set is all that you'll need. This is fine because 
the 4.77-MHz PCs are too slow to program 
it anyway. (The chip is normally used with 
the super-fast DSP chips. The slower PCs, 
even when programmed in assembly langu- 
age, can't meet the chip's demand for com- 
mand mode timing.) But even the slowest 
PCs can read the samples that occur at the 
frame rate of 128ps. The AIC runs in what 
TI calls the synchronous mode; that is, the 
A-to-D and D-to-A converters operate on 
the same timebase-which, again, is fine for 
this application. This mode has a handy fea- 
ture. The A-to-D samples are read into U7 
and U8 in one frame and (if the PC writes no 
new data) shifted out the D-to-A on the next. 
The signal you put on the analog input is 
looped-back to the analog output and can be 
heard on a speaker/amplifier. This is a quick 
check that everything (except the PC inter- 
face) is working. 

The TLC32044 is available through Texas 
Instruments distributors, but they often re- 
quire a sizeable minimum order. The TLC- 
32041, an earlier version of the AIC, is avail- 
able from Newark Electronics*** ($25 mini- 
mum, TLC32041CN' $28.86, catalog no. 
1 1 1). This AIC requires an external Zener di- 
ode voltage reference and has different filter 
characteristics. Be sure to request the data 
sheet from TI and read it carefully before 
ordering the TLC32041. I also used a stan- 
dard crystal oscillator frequency from JDR 

because the 5.1845-MHz crystal TI recom- 
mends wasn't available. I had no problems 
here. If the clock isn't correct, the internal 
switched-capacitor filter response is scaled 
ratiometrically. The filter's transfer func- 
tion will be frequency-scaled by the ratio ' 

of the A-to-D conversion rate to 8 kHz. Here 
the conversion rate is 7.833 kHz, and after 
counting down the signal for the filter, an 
error of only about 2 percent results. This 
is not critical. 

All that remains is to write some simple 
software to obtain the samples, convert them 
to ASCII, and write them to a file. My pro- 
gram starts up and waits for a keystroke be- 
fore collecting the samples. This lets me lie in 
ambush waiting for certain signals or band 
conditions to occur. 

PC-DSP at work: A case study 
in signal processing 

I've included some plots of signals copied 
off the radio and processed by PC-DSP. Fig- 
ures 2 and 3 are AMTOR and RTTY time 
domain signals, respectively. Figure 3 has 
been altered just a little. I wanted some prac- 
tice designing digital filters, so I used PC- 
DSP to add some CW QRM to the signal as 
it was received. The interference is difficult 
to  see in the time domain plot, but in Figure 
4, a frequency domain or spectrum plot, the 
interference is unmistakable at about 1850 
Hz. 

After using PC-DSP to design a FIR filter 
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with the gain-frequency characteristics in 
Figure 5 and passing the RTTY signal with 
added QRM through it, I obtained the time- 
domain plot of Figure 6. Figure 7 shows the 
same filtered signal in the frequency domain, 
with the 1850-Hz CW interference tone suc- 
cessfully knocked down. 

The great thing about the work which I've 
presented here, is that I was able to perform 
DSP without making one calculation. It was 
all conceptual on my part; PC-DSP did all 
the math! My job was to string DSP opera- 
tions together in a way I thought might im- 
prove the signal, or might let me examine the 

signal in a new way. PC-DSP was there to do 
the hard work and to keep me in the realm of 
the possible when I got carried away. There 
are some limitations to the program, but for 
the money, I don't see how it can be beat for 
teaching the fundamentals of digital signal 
processing. Add an interface to your radio to 
pick up signals off the air, and peek into the 
future of amateur radio.. 

REFERENCES 
I. A. Kcsteloot. "Praaical Digital Signal Processing: A Simple. High-per- 
formance A/D Board." QEX. April 1990. paga 3 to 6. 
2. A. Overcan. "Circuit Transforms PC Into Data Analyzer." EDN. May 
25. 1989. pagn 200 to 202. 

PRODUCT INFORMATION 
Bipolar Power Transistor Selector Guide 

Motorola has revised its Bipolar Power 
Transistor Selector Guide and Cross Refer- 
ence. The updated edition covers all applica- 
tions categories including application specif- 
ic devices. To obtain a free copy of the Bi- 
polar Power Transistor Selector Guide and 
Cross Reference, call Motorola Literature 
Distribution at (800)441-2447, or write to: 
Motorola Inc., Literature Distribution 
Center, P.O. Box 20924, Phoenix, Arizona 
85063. Ask for SG48/D. 
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LORAN-C 
FREQUENCY 
CALI BRATOR 

Calibrate frequency sources to 
better than I part in I0 easily 

and inexpensively 

A common problem many hobbyists 
and experimenters encounter is the 
need to calibrate a frequency source 

accurately. With the proliferation of inex- 
pensive frequency counters and synthesized 
signal generators and receivers, it's becoming 
essential to verify the accuracy of the internal 
frequency standards used in such instruments. 

A simple technique for calibrating a fre- 
quency standard uses signals from radio sta- 
tion WWV. Unfortunately, this method pro- 
vides accuracies of no better than 1 part in 
lo7, due to ionospheric distortions. Also, 
signals from WWV can't be received at all 
locations at all times as a result of varying 
propagation conditions. 

Another less common calibration tech- 
nique uses the television network broadcast 
colorburst signal. When the colorburst sig- 
nal is sent live from network studios, it's 
often generated using an atomic standard 
typically accurate to 5 parts in This col- 
orburst signal can be used to calibrate a fre- 
quency standard.' Unfortunately, we are 

MASTER SLAVE #I SLAVE #2 SLAVE #3 MASTER 

Group Repetition Interval 

Figure 1. Typical LORAN-C transmit sequence. 

located on the West Coast and seldom re- 
ceive live broadcasts from the network stu- 
dios because of the time difference and the 
use of delayed tapes for most broadcasts. 
Consequently, the colorburst technique is of 
marginal use to us. We thought it would be 
desirable to be able to calibrate frequency 
standards when we wanted to, not just when 
a signal was available. 

We investigated and breadboarded a num- 
ber of techniques-including the colorburst 
TV broadcast signals, and 20 and 60 kHz 
WWVB receivers-and found that the sim- 
plest technique used LORAN-C signals. These 
signals are received almost worldwide and 
give accuracies equal to atomic standards. 
LORAN-C transmits cesium standard derived 
signals at 100 kHz. The accuracy of the trans- 
mitted signal is on the order of 1 part in 10". 
Because the primary means of propagation is 
via ground wave rather than sky wave or the 
ionosphere, the propagation path is very 
stable and accuracies on the order of 1 part in 
10" can be achieved if you are within 1000 
miles of a transmitting station. 

We found an oven-controlled precision 
10-MHz frequency oscillator standard at a 
local flea market that we could set to better 
than 1 part in 10l0. We designed and built a 
battery back-up system for the oscillator, 
with a frequency distribution system that lets 
us clock all of our frequency counters and 
synthesizers off this one precision reference 
source. Our problem has been determining 
how to set the frequency reliably and moni- 
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Figure 2. LORAN-C pulse waveform. 

tor it for long-term accuracy to ensure that 
the frequency standard hasn't drifted exces- 
sively off frequency. 

We'd like to present a technique which 
will allow you to calibrate frequency sources 
to better than 1 part in 10" easily and inex- 
pensively. While not many home frequency 
standards can even achieve and hold toler- 
ances of this magnitude, it's nice to know 
that your frequency reference-LORAN-C 

in this case-is typically several orders of 
magnitude greater than you need. 

Our frequency calibrator consists of a 
LORAN-C active antenna which is easily 
mounted outside, usually near the roof of a 
house, and a separate chassis which houses 
the actual calibrator. The calibrator has in- 
puts for the active antenna, as well as the 
local frequency standard. An oscilloscope 
compares the signal received from the local 

Figure 3. LORAN-C frequency calibrator block diagram. 
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Figure 4. interconnect diagram for the four modules which make up the LORAN-C calibrator. 

frequency standard with the received LO- 
RAN-C signal. The calibrator accepts local 
frequency standard input signals at 1, 5, and 
10 MHz at signal levels from 0.05 volts p-p 
up to 3 volts p-p, with an input impedance of 
50 ohms. 

Theory of operation 
LORAN-C is a navigation system main- 

tained by the United States Coast Guard that 
is based upon the measurement of the time 
difference between received signals from two 
different LORAN-C transmitter locations. 
The time differences are used to  determine 
the location of the receiver site. Because the 
measurement of the time difference is critical 
to the accuracy of the navigation system, the 
LORAN-C system is designed to ensure that 
very stable signals arrive at the receiver. It is 
this inherent time stability that makes LO- 
RAN-C an ideal frequency reference. 

The excellent time stability of LORAN-C 
signals results from the use of a 100-kHz car- 
rier frequency. Because of this low frequen- 
cy, the signals tend to travel primarily by 
means of ground wave instead of sky wave. 
The ground wave has a constant signal path 
from the transmitter to the receiver site be- 
cause it follows the curvature of the earth; 
the sky wave has a variable path due to the 
fluctuations in height of the ionosphere dur- 
ing a 24-hour period. 

Each LORAN-C geographical region con- 

sists of a master transmitting station and up 
to four slave transmitter stations. The mas- 
ter and slave stations transmit in sequence; 
each station transmits a pulse group of eight 
or nine pulses. The sequence repeats approx- 
imately every 100 ms. Each regional area has 
its own sequence length, called the group 
repetition interval (GRI). The master station 
starts the sequence with eight 100-kHz pulses 
spaced exactly 1 ms apart, followed by a 
ninth pulse sent 2 ms after the eighth pulse. 
Each pulse is approximately 250ps in dura- 
tion. The slave stations transmit only eight 
pulses, also spaced exactly I ms apart. Each 
slave station transmits at a fixed but unique 
time after the master station transmits. The 
intervals between pulse groups are designed 
to ensure that the groups won't overlap with- 
in the reception range of the receive stations. 
A typical transmitted group sequence is 
shown in as received in Figure 1. 

The transmitted LORAN-C signal is a 
carefully controlled shaped pulse sequence 
which uses a 100-kHz carrier and timing 
derived from an atomic frequency standard 
at each LORAN-C transmitter site. The 
pulse shape, shown in Figure 2, is designed 
to allow relative ease of differentiation be- 
tween the stable ground-wave signal and the 
varying sky-wave signal. This is done by en- 
suring that the sky-wave pulse from a given 
pulse has decayed to zero before the ground- 
wave pulse arrives from the next one. Be- 
cause the sky-wave pulse bounces off of the 
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Figure 5. LORAN-C RF preamplifier circuit diagram. 

ionosphere before it reaches the receive loca- 
tion, the sky wave always arrives after the 
ground-wave pulse begins. Consequently, the 
first few cycles of any received LORAN-C 
pulse are virtually assured to be composed of 
only a stable ground-wave component- 
assuming that the receive location is no more 
than 1000 miles from the transmitter loca- 
tion, Generally, the optimum signal point 
for tracking each pulse is the third-cycle zero 
crossing of each transmitted pulse. 

Because the third-cycle zero crossing of 
any received LORAN-C pulse group is an ex- 
tremely accurate and stable event, it can 
form the basis of a very accurate frequency 
calibrator. The local frequency standard is 
used to generate its own signal at the GRI of 
the regional LORAN-C chain. By comparing 
the LORAN-C GRI with the locally generat- 
ed GRI, it's easy to make a precise measure- 
ment of the accuracy of the local frequency 
standard. You do it by triggering an oscillo- 
scope from the local GRI and observing the 
received LORAN-C pulses on a vertical 
channel of the scope. By measuring the drift 
rate of the third-zero crossing of any received 
pulse at the GRI rate, you can easily adjust 
and calculate the accuracy of the local stand- 
ard to several parts in 1012. 

Calibrator description 
Figure 3 shows a block diagram of the cal- 

ibrator system. Refer to this figure during 
the unit description, 

LORAN-C signals are picked up by the ac- 
tive antenna, amplified, and sent to the 
LORAN-C receiver. The LORAN-C receiver 
filters and amplifies the received signal. The 
receive filter is centered at 100 kHz and has p 
bandwidth of 20 kHz to accurately repro- 
duce the LORAN-C pulse on the oscillo- 
scope. The receive bandwidth must be wide 
enough to pass the pulse without distortion, 
but narrow enough to remove any interfer- 
ing signals. If high-level interfering signals 
are observed it may be necessary to adjust 
notch filters to suppress them. 

The receiver uses a manual gain control, 

rather than an automatic gain control (AGC), 
to adjust the gain of the receiver. Since the 
receive signals at a given location are rela- 
tively stable for the LORAN-C ground-wave 
signals, we didn't feel it was necessary to use 
automatic gain. Also, an AGC would have 
required a complex circuit to prevent it from 
being controlled by extraneous signals that 
are likely to be present along with the desired 
LORAN-C signals. 

The calibrator takes the local frequency 
standard input at l , 5 ,  or 10 MHz and di- 
vides it down to the regional GRI by means 
of fixed and programmable frequency divid- 
ers. To allow adjustment of the transition 
point of the local GRI signal so it corres- 
ponds with the third-zero crossing of any 
pulse in the LORAN-C pulse train, the fre- 
quency divider circuit lets pulses be momen- 
tarily added to or deleted from the frequency 
reference clock signal. By adding or deleting 
pulses from the clock stream, you can ad- 
vance or retard the phase of the local GRI 
signal to the oscilloscope trigger input, and 
position any pulse in the LORAN-C pulse 
chain at any point on the oscilloscope trace. 
By monitoring the drift rate of the third-zero 
crossing as measured by the sweep speed of 
the oscilloscope, you may determine the ac- 
curacy of the local frequency standard using 
the equation: Accuracy = Delta t/  Measure- 
ment time, where Delta t is the drift amount 
measured on the oscilloscope and the me- 
asurement time is the time duration over 
which the drift measurement was made. 

Circuit description 
Figure 4 is an interconnect diagram for the 

four modules (excluding the power supply) 
which make up the LORAN-C calibrator. 
The active antenna/RF preamplifier is shown 
in Figure 5. It consists of an FET input arn- 
plifier followed by an emitter follower am- 
plifier which drives the connecting cable to 
the calibrator circuit. Power is supplied, via 
the connecting coaxial cable, from the cali- 
brator to the active antenna. 

The FET amplifier presents a high input 
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Figure 6. LORAN-C receiver. 

impedance to the whip antenna, which may 
be a 6 to 20-foot vertical antenna. A high in- 
put impedance is required because the anten- 
na length is much shorter than the wavelength 
of the 100-kHz LORAN-C signal, and such 
antennas characteristically have very high 
impedances. A low input impedance amplifi- 
er would load down the signal to the point 
where a usable signal could not be received. 

Because the input amplifier is relatively 
broadband, it will pick up many high-level 
signals-including-60 Hz signals radiated 
from power lines. Therefore, the amplifier is 
designed to be able to amplify high-level sig- 
nals without distorting the desired low-level 
LORAN-C signals. In this amplifier, signal 
levels of several volts may be coming into the 
LORAN-C receiver from the active amplifi- 
er. A low-impedance output is used from the 
active amplifier to minimize the pickup of 
any other extraneous signals. 

The LORAN-C receiver is shown in Figure 
6. The receiver is mounted in a shielded en- 
closure, and the input is an amplifier driving 
a three-pole Butterworth filter with a center 
frequency of 100 kHz and a bandwidth of 20 
kHz. This filter is used to  attenuate all but 
the desired LORAN-C signal from the many 
signals coming from the active amplifier. 

The output of the receive filter goes to an in- 
tegrated circuit amplifier, a readily available 
and inexpensive type MC 1350, with a manu- 
a1 gain control. The MC1350 has a gain of 
better than 60 dB and a gain control range of 
better than 50 dB. The amplifier output is 
the filtered LORAN-C signals for connec- 
tion to the vertical input channel of an ex- 
ternal oscilloscope. 

The GRI pulse generator consists of two 
circuits: the GRI phase-adjust circuit and the 
GRI programmable pulse-generator circuit. 
The GRI phase-adjust circuit is shown in 
Figure 7; the GRI programmable pulse gen- 
erator circuit is shown in Figure 8. 

The local reference-frequency input circuit 
on the GRI phase adjust circuit is a compar- 
ator that squares up the input signal for driv- 
ing the digital circuitry. The use of a com- 
parator allows for the accommodation of a 
wide range of input signal levels- 
from 50 mV p-p to 3 volts p-p. The phase- 
adjust circuit consists of a circuit to advance 
or retard the phase of the local 10-kHz clock 
that drives the GRI programmable pulse- 
generator circuit in precise 4-ps steps. The 
phase may be advanced or retarded continu- 
ously at a fast or medium rate by pushing the 
advance or retard phase buttons. It may be 



adjusted or disabled in single steps by posi- 
tioning the phase-adjust mode switch. 

The phase-adjust circuit is a digital circuit 
that allows a single pulse to be added to or 
deleted from the clock stream upon genera- 
tion of a single advance or retard command 
pulse. The sequence of events is shown in 
Figure 9. As illustrated in the timing dia- 
gram, a single pulse is either removed from 
or added to the clock stream for every phase 
advance or retard pulse input. This trans- 

lates into a GRI phase advance or retard 
change of exactly 4 ps because the pulses are 
added to or deleted from a 250-kHz clock 
stream. 

A 555 timer chip generates a continuous 
stream of pulses for "fast" or "medium" 
phase-adjust mode switch selection when- 
ever the advance or retard phase buttons are 
pushed. Fast mode moves the LORAN-C 
pulse chains rapidly across the oscilloscope 
trace; medium mode allows for a finer trace 

Figure 7. LORAN-C GRI pulse generator phase-adjust circuit. 
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Figure 8. LORAN-C GRI pulse programmable generator circuit. 

movement. The single-step mode generates a 
single pulse whenever the advance or retard 
phase button is pushed and allows a very fine 
adjustment of the GRI phase. 

The parts list contains complete informa- 
tion on components for all four modules. 
We didn't list a specific overall enclosure; 
the box you use to house the unit isn't criti- 

cal and almost any chassis will work. Nor is 
the actual antenna shown, because a variety 
of possibilities exist for implementation. We 
have used a 20-foot CB vertical, as well as 
ham VHF whips for the antennas. We do 
recommend, however, that you place the ac- 
tive antenna RF preamplifier and LORAN-C 
receiver circuits in separate shielded enclo- 
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sures, as described in the section on 
construction. 

Construction 
Mount the active antenna in a shielded en- 

closure suitable for outdoor use. We chose a 
diecast aluminum box with an internal cir- 
cuit board. Parts placement isn't particularly 
critical due to the low frequencies involved. 
Also, it's not particularly crucial that you 
use the FET and transistors specified. How- 
ever, to assure maximum signaI handling 
capability of the active amplifier, you should 
select a FET which provides a voltage of 
around 4 to 5 volts on the emitter of the out- 
put transistor. 

You'll also need to mount the LORAN-C 
receiver circuit in a shielded enclosure to 
minimize pickup of external signals- 
particularly those of the digital circuits in the 
calibrator, if they are mounted in the same 
chassis. Parts placement is more critical in 
this circuit due to the high gain of the ampli- 
fier and the need for good input/output iso- 
lation of the 100-kHz filter. We mounted the 
circuit in an aluminum chassis which con- 
tained a double-sided pc board with a ground 
plane. Because the entire circuit works at a 
single frequency, we used an in-line layout to 
put maximum distance between the input 
and the output. There's been no sign of os- 
cillation or instability, and the signals pre- 
sented to the oscilloscope are very clean. 
Note that the gain control adjustment was 
mounted on the pc board rather than exter- 
nally, as we have not found a need to adjust 
the gain of the unit after the initial setting. 

To ensure signal stability, mount the com- 
parator circuit for the reference frequency 

on a pc board with a ground plane. The last 
thing you need is an oscillating comparator 
driving the calibrator circuits! 

You can wire wrap the digital circuits of 
the calibrator or mount them on a pc board. 
We mounted the switches for the GRI rate 
selection on the board, rather than locating 
them externally. The GRI is fixed for a given 
region and there's no need to change the set- 
ting unless you move from one region to an- 
other. For that matter, you can use inexpen- 
sive wire jumpers, in place of the more costly 
switches, for GRI selection. 

You'll want to mount the GRI phase ad- 
vance and retard push buttons and the 
phase-adjust mode switch on the front panel 
of the calibrator, as they must be adjusted 
each time the calibrator is used. The refer- 
ence-frequency select switch should also be 
mounted on the front panel if different fre- 
quency standards are to be calibrated on a 
regular basis. 

Adjustments 
While the 100-kHz filter might appear to 

be difficult to adjust without a sweep-gener- 
ator test setup, you can obtain a perfectly ac- 
ceptable passband shape without sweeping 
the circuit at all. The secret is to preset the 
filter capacitors and inductors to the required 
values and then solder them into the circuit. 
With the availability of accurate and low- 
cost capacitance measurement meters, it's 
relatively easy to preset the capacitors (1 or 2 
percent capacitors may be purchased and 
paralleled as required). Measure the induc- 
tors at the operating frequency of 100 kHz 
because the value of ferrite tuned inductors 
is sensitive to frequency. Do not use any of 

PULSE PULSE 
REMOVED ADDED 

CLOCK I  

A -  - - 
I I  

SIGNAL ' I  
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COMMAND - 
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Figure 9. CRI phase advancehetard circuit timing diagram. 
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Figure 10. Bandpass filter inductor measurement setup. 

1 DO KHz 
SIGNAL 

GENERATOR 

the inexpensive inductance meters. Many of 
them use very low frequencies to measure in- 
ductance; for example, 60 Hz. 

Figure 10 shows the method used to set the 
inductors-a classic inductance Q-meter me- 
asurement technique. The resistor divider at 
the input establishes a low drive impedance 
for the Q-meter circuit. (Note: To see a pro- 
nounced signal peak, the source impedance 
must be less than 1 ohm). The 51-ohm resist- 
or matches the output impedance of the sig- 
nal generator. It may be desirable to replace 
this resistor with the proper load value if the 

signal generator has a different output impe- 
dance, say, 600 ohms. With a precise capaci- 
tance value of 1407 pF (including stray capa- 
citance) for C1, adjust the inductor for peak 
signal as seen on the oscilloscope. In prac- 
tice, the capacitor can be a 1400-pF mica 
type, plus or minus 14 pF. 

After selecting the filter components and 
installing them into the circuit, verify the fil- 
ter's frequency response. Adjust the signal 
generator for a 100-kHz signal at 0.1 volts p-p 
output level to the input to the active 
amplifier. Make sure the output of the active 
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Figure 11. The 100-kHz bandpass filter adjustment setup. 
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Figure 12. Sky-wave contaminated LORAN-C pulse waveform. Sky wave arrives 200 ps after ground wave. Sky- wave 
amplitude is 10 times the ground-wave amplitude. 

amplifier is approximately 0.05 volts p-p in- 
to  the LORAN-C receiver. Next, connect the 
oscilloscope to the input of the MC135O RF 
amplifier using a 10X probe to minimize lo- 
ading effects. Adjust the two notch filters 
for maximum inductance for the low-fre- 
quency notch filter and minimum inductance 
for the high-frequency notch filter. This ef- 
fectively places the notch frequencies well 
away from the 90 to 1 lO-kHz bandpass range. 

Now verify that the filter has the proper 
frequency response shape using the test setup 
shown in Figure 11. Sweep the signal gener- 
ator from approximately 80 to 120 kHz and 
confirm that a flat response exists across the 
93 to  107 kHz range, with about a 3 dB roll 
off (0.707 times the maximum in band volt- 
age at 100 kHz) at approximately 90 and 110 
kHz. The preset values should require only 
minor tweaking, if any at all, to obtain the 
desired response. 

Set the comparator threshold adjustment 
by sending a low-level signal of approxima- 
tely 0.05 Vp-p at I ,  5, or 10 MHz into the 
comparator input. Set the threshold adjust- 
ment for a square-wave output signal from 
the comparator. Varying the input signal le- 
vel up to 2 Vp-p shouldn't change the duty 
cycle of the square wave significantly. 

After you've made these adjustments, 
connect the active antenna and mount it out- 
doors-preferably near a rooftop (discon- 
nect the antenna whenever lightning is like- 
ly). Set the gain control adjustment by moni- 
toring the LORAN-C receiver output with 
an oscilloscope set for a sweep speed of 10 
ms per division. Adjust the gain control until 

you observe a number of signals on the oscil- 
loscope. Now adjust the gain control until 
you see clipping, and readjust the control 
until the largest signal you see is approxi- 
mately half the amplitude at which clipping 
occurred. This should provide an amplifier 
output which is clean and free from any dis- 
tortion products that would be generated by 
an overloaded amplifier. 

You can adjust the notch filters to sup- 
press any high-level signals that may be get- 
ting through the filter and are clearly unrelated 
to the desired LORAN-C signals. In the ab- 
sence of a spectrum analyzer, this is best done 
by monitoring the output of the LORAN-C 
receiver on the oscilloscope and adjusting the 
high and/or low-frequency notch filter induc- 
tor and null-depth resistor to minimize the 
interfering signal. Be sure your adjustments 
don't affect the LORAN-C signals adversely. 

Operation 
Frequency calibrator operation is very 

simple. Just set the phase of the local GRI 
signal so you can observe the LORAN-C 
pulse train drift rate on the oscilloscope trace. 
Do this by first connecting the local frequen- 
cy reference to the calibrator and selecting 
the correct switch setting (1, 5, or 10 MHz 
input) for the reference-frequency select 
switch. Then, set the local GRI rate to that 
of the geographical region closest to your lo- 
cation. Table 1 lists the GRIs for most 
LORAN-C regions. The GRI switches use 
only the first three digits of the GRI rate list- 
ed in the table. Now, connect the LORAN-C 
receiver output to  the vertical input of the 
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LORAN-C Chain GRI 
Northeast USA 99400 ps 
Southeast USA 79800 ps 
Great Lakes LISA 89700 ps 
West Coast USA 99400 ps 
Northwest Pacific 99700 ps 
North Pacific 99900 ps 
Canadian West Coast 59900 ps 
Canadian East Coast 59300 ps 
Labrador 79300 ps 
Icelandic 99800 ps 
Gulf of Alaska 79600 1s 
Norwegian Sea 79700 ps 
Mediterranean Sea 79900 ps 
Central Pacific 49900 ps 
East Asia 59700 ps 
Western USSR 60000 ps 
Eastern USSR 79500 p 

Table 1. Regional LORAN-C group repetition 
intervals. 

oscilloscope and set the oscilloscope sweep 
speed for 10 ms per division. Adjust the ver- 
tical sensitivity so the largest signal you see 
on the oscilloscope is seven to eight divisions 
in height. If everything is working correctly, 
you should observe stationary LORAN-C 
signal pulse trains across the oscil- 
loscope trace. The display should 
look similar to that shown in Figure 1. How- 
ever, your display may differ because your 
LORAN-C region may have a different 
number of slave stations, and/or the relative 
amplitudes may vary due to  different re- 
ceived signal levels from each LORAN-C 
transmitter. 

There's a good chance that you'll see other 
LORAN-C signals drifting across the oscillo- 
scope trace. These are LORAN-C signals 
from other regions which are using a differ- 
ent GRI rate and being received at your loca- 
tion. If you don't see any stationary LO- 
RAN-C signals, verify that you have set the 
GRI rate for your region correctly. 

If you observe stationary LORAN-C pulse 
trains on the oscilloscope, turn the phase-ad- 
just mode switch to fast. Push either the GRI 
phase advance or retard push button to 
move the largest LORAN-C pulse train to 
the left-hand edge of the oscilloscope trace. 
Increase the oscilloscope sweep speed to 
about 1 ms per division. Then turn the phase- 
adjust mode switch to medium, and push the 
GRI phase advance or retard push button 
again, to move the largest LORAN-C pulse 
train to the left-hand edge of the oscilloscope 
trace. Increase the oscilloscope sweep speed 
to about 100 ps per division. Turn the phase- 
adjust mode switch to single step, and push 
the GRI phase advance or retard push but- 
tons to move the largest LORAN-C pulse 
train to the middle of the oscilloscope trace. 
Increase the oscilloscope sweep speed to 
about 10 ps per division. Adjust the phase 
advance or retard push buttons to center the 
third-cycle zero crossing of the LORAN-C 
pulse on the oscilloscope trace. 

At this point, you'll probably see the third- 
cycle zero crossing drifting either to the right 
or left of the oscilloscope trace. The drift 
rate is a measure of the amount of frequency 
error in your local frequency standard. If 
you want to calibrate your frequency stand- 

Figure 13. Sky-wave contaminated LORAN-C pulse waveform. Sky wave arrives 40 ps after ground wave. Sky wave 
amplitude is 0.1 times the ground-wave amplitude. 



ard, adjust the local frequency standard un- 
til you observe no drift on the oscilloscope 
trace. 

To measure the amount of frequency error 
present in your Iocal frequency standard, 
monitor the drift rate of the third zero cross- 
ing as measured by the sweep speed of the 
oscilloscope. For example, suppose the sweep 
speed is 5 ps per division and the zero cross- 
ing moves 2.6 divisions in 10 minutes. The 
total drift i s  13 ps (5 ps per division x 2.6 
divisions) in 600 seconds (10 minutes x 60 
seconds per minute). As stated earlier, the 
accuracy of the local frequency standard 
may be determined by the equation: Accura- 
cy = Delta t/Measurement time, where 
Delta t is the drift amount measured on the 
oscilloscope and measurement time is the time 
duration over which the drift measurement 
was made. For the example above, if a total 
drift amount of 13 ps was measured on the 
oscilloscope over a 10 minute period (or 600 
seconds), the accuracy is 13 x 106/600,  or 
2.167 parts in lo8. 

If you are interested in obtaining the best 
possible accuracy from the Loran-C calibra- 
tor system, you must take precautions to en- 
sure that you're tracking the third-cycle zero 
crossing of the ground-wave component of 
the Loran-C signal and not the sky-wave 
component. The ground-wave component 
suffers high attenuation levels as it travels 
over the Earth's surface, while the sky-wave 
component can maintain very high levels at 
great distances from the transmitter site. 
Consequently, the Loran-C sky-wave signal 
can be much larger than the ground-wave 
signal at distances greater than 1000 miles 
from the transmitter, as shown in Figure 12. 
If you are within 500 miles of the transmit- 
ting site, the ground-wave signal will tend to 
predominate as shown in Figure 13. Note 
that even though the waveform is distorted 
by the sky-wave component, it's not visually 
apparent, and there's no impact on the third- 
cycle zero crossing. Hence, the rationale for 
always trying to track a zero crossing as early 
as possible after the start of the waveform. 

In all cases, however, the ground-wave 
component will arrive at the receiver site first 
due to its shorter propagation path. There- 
fore, it's important to track off of the third- 
cycle zero crossing of the first LORAN-C 
signal pulse you observe in a burst sequence. 
Note that for distances greater than 1500 
miles from the transmitter site, the ground- 
wave component is attenuated to  virtually 
zero and you are forced to depend upon only 
the sky-wave component. Due to the shifts in 
the height of the ionosphere, particularly 
during the day/night transitions which occur 
around sunrise and sunset, accuracy is de- 

PARTS LIST I 
Quantity Reference 

ANTI 
CI 
C2,C16,CI7,C18, 
C19, C20, C27 
C3, C29 
C4,C8, CI I ,  C14, C2 
I ,  C22, C28 
C5, C6, C7 
C9,CIO 
C12,CI5 
C13 
C23, C24 
C25,C26 
J1 
J2 
LPI 
LI 
L2, L3, L4, L5, 
L6,L7 
PI 
Q I  
Q2 
RI,R2,R5,R6, 
R16,R25,R31 
R3 
R4 
R 7 
R8 
R9 
RIO,RII,R12, 
R 13 
R14,RIS,R19, 
R21, R22, R38, 
R39 
R17 
R18 
R20,R36 
R24, R32 
R26, R33,R34, 
R40 
R27 
R28 
R29 
R30 
R35 
R3 7 
SWI 

SW2 

Part 
antenna 
IOOpF 

0.1 pF 
0.01 /J.F 
20OpF 
0.0012 pF 
0.001 p F  
4400pF 
2200 p F 
input jack 
BNC, female 
NE2 
31 m H  

1.8 m H  
BNC, male 
2N5457 
2N3906 

I k 
3.3 meg 
10 meg 
220 ohm 
75 ohm 
51 ohm 

4 .7k  
100 k 
47k 
100 ohrn 
5 .6k  

IOk 
12 k 
2.2 k 
5 k 
3.9 k 
3.3 k 
470 ohrn 
advance/retard 
mode switch 
frequency standard 
selection 
advance push button 
retard push button 
microdip 
LTIO16 
74HC390 
74HCOO 
74HCIO 
401 1 
4047 
4040 
4023 
LF356 
MC1350 
74HC04 
74HC73 
74HC74 
74HC86 
4522 
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graded. If you're forced to use just the sky- 
wave component, try to make your measure- 
ments at the same time each day, but avoid 
times around sunrise and sunset. Fortunate- 
ly, very few individuals should have to deal 
with this problem because of the world-wide 
distribution of LORAN-C transmitter sites. 

We have tried to give you as much infor- 
mation as possible on using LORAN-C as a 
highly accurate frequency reference, but it's 
impossible to cover everything in one article. 
We have included a bibliography of addi- 
tional readings for those who want more in- 
formation on the subject of LORAN-C, as 
well as information on other techniques for 
calibrating frequency standards. 

REFERENCES 
I. Dick D.  Davis. "Calibrating Crystal Oscillators with T V  Color-refer- 
ence Signals." Elutronrcr. March 20. 1975. 
BIBLIOGRAPHY 
I .  R.W. Burhans. "Using LORAN C lor Timeand Frequency Checking." 
Radio Elm~ronics. July 1983. 
2. R.W. Burhans. "A LORAN-C Front End Usingthe LMIZ I I . "  Radro 
Elwrronrcs. July 1983. 
3. Don Lancastcr. "Experiment with WWVB," Rad ioE l~~ t ronm.  ~ubust  
1973. 
4. John Cowan. "Frequency Calibration Using60 kHz WWVB." Ifam 
Radio. March 1988. 
5 .  Ernest Manly. "WWVB60kHzFrqucncyComparator Rnriver." 7.1. 
September 1972. 
6. Vaughn Manin. "Time and Frequency Standards; Pan 2." Ham Radio. 
Deccmher 1983. 
7. Helmut Hellwig. "Cesium Clocks Keep the World on Time." Micro- 
wuve.~ & RF, September 1985. 
8. Rohert Shcrwood. "Technical Correspondence - Frequency Standard 
Accuracy." QST. March 1982, page49. 
9. Cyrux E. Pot~s and Bernard Wicder. "Precix Time and Frquency Dl\- 
xmlnation via the Loran-C‘ Sysrcm." Proceedingsofrhe /EEL. May 1972. 
pagcs 53010 539. 
I I .  LORAN-C User Handbook, COMDTINST M16562.3. United State5 
Coast Guard. 

PRODUCT INFORMATION 
Flukes and Philips ScopeMeteP 

John Fluke Mfg. Co. Inc. (Everett, 
Washington) and Philips Test and Measure- 
ment (the Netherlands) have introduced a 
new series of handheld service instruments 
which combines two test instruments into 
one. The Fluke 93.95, and 97 ScopeMeters 
join a dual-channel digital storage oscillo- 
scope (DSO) with a digital multimeter and 
include such features as AUTOSET, wave- 
form and set-up memory, combined display 
of meter results and waveforms, an optically 
isolated RS-232C interface for instrument 
calibration, menus, and softkeys. The top- instrument runs on either rechargeable 
of-the-line model also features a built-in NiCad batteries (included) or common alka- 
signal generator, component tester, optically line C-cell batteries. Each Sco~eMeter comes 
isolated RS-232 remote control and printer with probes which have high and 

interface, and backlit display. high frequency tips, an AC line adapter, a 
Fluke ScopeMeters provide a 50-MHz built-in battery charger, a holster, and a tilt 

bandwidth and a 25 MS/s sampling rate. stand which can be adjusted to hang over a 
You also get a 40-11s glitch capture time to panel Or 

catch intermittent failures, and storage For more information on the Fluke 90 
capabilities of up to eight waveforms and 10 series of ScopeMeters contact: John Fluke 
setups. The AUTOSET feature automatical- Mfg. CO., Inc.* Box 90901 
ly sets volts per division, time per division, Washingt0n 98206. In contact: 
and position and triggering controls for any Philips Test and Measurement, Building 

scope input signal. In meter mode, AUTO- TQ1114 5600 MD* EindhOven, the 

SET automatically tracks the input signal for 
the proper range, time per division display, New HP Catalog Offers Selection of System- 
and triggering. Power Products 

The units have extensive multimeter capa- Hewlett-Packard Company has released 
bilities along with: diode test; Min Max re- the HP-IB System DC Power Supplies and 
cording, which provides simultaneous dis- Electronic Loads Catalog. The catalog con- 
play of maximum, minimum, average, and tains information on HP's entire line of DC 
present readings; relative and percent-rela- power supplies and electronic loads, in addi- 
tive modes; dBm, dBV, and dBW readings; tion to 42 recently introduced H P  products. 
and autoranging. To obtain a free copy, write to Hewlett- 

The 4-pound ScopeMi a Packard Company Inquiries, 193 10 Prune- 
sealed industrial packagi d ridge Avenue, Cupertino, California 95014. 
service environment. Th I Ask for Lit. 5091 -2525EUS. 
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Steve Powlishen, KIFO 
8 16 Summer Hill Road 

Madison, Connecticut 06443 

432-MHz EME 
1990s STYLE 
Part 2: Assembling your first €ME system 

art 1 of this article detailed the rapid 
change in UHF and EME technol- 
ogy during the 1980s. This techno- 

logical revolution succeeded in moving EME 
operation on the lower-frequency amateur 
UHF bands out of an experimental enclave 
of advanced equipment builders, to the 
homes of regular operators who use primari- 
ly commercial equipment. In Part 2 of this 
article, I'll continue the process of demysti- 
fying EME as I show you how to assemble 
your own 432-MHz EME system. 

Your first EME array 
As I noted in Part 1, EME QSOs are now 

being made regularly with single Yagi anten- 
nas. For your first array, however, I would 
recommend something a bit more substan- 
tial. Single Yagi operators thus far have been 
either the leading-edge crazies, who want to 
prove that it's possible to work EME in this 
fashion, or those passing through on their 
way to a larger array. A larger array allows 
for a greater margin of error in case a piece 
of the system isn't working properly. This 
extra system performance will give you a bet- 
ter chance for success, the ability to work 
many more stations than just the "big guns," 
and the power to work EME when condi- 
tions are less than ideal. 

Today, a four-Yagi system is the best com- 
promise in cost, complexity, and perform- 
ance. The four-Yagi system has a manage- 
able amount of complexity. It uses only a 
single power divider and four phasing lines. 
When the Yagis are arranged in a 2 x 2 box, 
the array can be mounted on a simple stack- 
ing frame that lends itself naturally to eleva- 
tion movement. The low parts count trans- 
lates into both reasonable cost and easy as- 

sembly. Easy assembly, in turn, means less 
construction time and more time to operate. 
Four modestly sized Yagis will have high 
enough performance capabilities to allow 
you to work many different stations and 
make random QSOs, even when conditions 
are less than optimum. Such an array will 
also let you hear your own echoes when Far- 
aday rotation cooperates. The success of 
modest four-Yagi arrays is borne out by two 
of the many currently active four-Yagi sta- 
tions. K20S worked over 50 different EME 
stations in about a year using four 17-foot 
long Yagis; SMOPYP worked over 100 dif- 
ferent stations in 5 years using four similarly 
sized Yagis (approximately 15 feet long). If 
you start with four Yagis of reasonable size, 
you'll have the building blocks for array ex- 
pansion should the EME bug really bite you, 
and you decide to expand the array and join 
the EME big guns. 

Just how small can a good 432-MHz EME 
array be? Figure 1 shows a typical small 
four-Yagi 2-meter array compared to a small 
four-Yagi 432-MHz array. The 2-meter ar- 
ray uses 2.2-wavelength NBS Yagis with 
15-foot long booms. This type of array has 
been widely used on 2-meter EME. The 
432-MHz array uses the FO-22 
6.1-wavelength Yagi, which has a 14-foot 
long boom. When combined with the proper 
station electronics, both of these arrays will 
give similar EME performance on their 
respective bands. 

Now let's make a closer comparison of the 
two arrays. You'll note that while the boom 
lengths are almost the same, the stacking dis- 
tance for the 432-MHz Yagis is about half 
that of the 144-MHz antennas, making the 
overall array size a diminutive one-fourth 
that of the 144-MHz array. It's interesting to 
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Figure I. The size of 4 x 2.2-wavelength 144-MHz 
Yagis dwarfs the 4 x 6.1-wavelength 432-MHz array. 
Performance of both arrays is about the same on their 
respective bands-despite the size difference. 

note that this 2: 1 spacing differential (4: 1 ar- 
ray size difference) between 144-MHz and 
432-MHz Yagis of the same physical boom 
length, holds over a fairly wide range of 
boom lengths. The compact size of the 
432-MHz array opens the EME door to a 
raft of operators who never thought they 
could manage an EME array. In fact, this 
EME array is easier to handle (and smaller) 
than most H F  triband beams! 

Recommended Yagis 
Nowadays, there's a large selection of 

good Yagi designs. Your major decision is to 
choose the size you wish. I prefer smaller 
Yagis; they will give a much better wind load 
and weight-to-gain ratio than long Yagis. 
Long Yagis can be used to give some pretty 
impressive results with just four Yagis, but 
at the expense of the high mechanical stress 
long beams create due to their torque load- 
ing on the frame, mount, and tower. Long 
Yagis must also be mounted a fair distance 
above any guy wires when the array is ele- 
vated. Conversely, if at a later date you de- 
cide to expand your small Yagi array, you'll 
be faced with the time and expense of build- 
ing more power dividers and phasing lines, 
plus managing that phasing-line loss in order 
to maintain top array performance. Table 1 
lists some recommended Yagis for 432-MHz 
EME, along with the expected array gain for 
four Yagis. The boom length and proper 
stacking distances are included. I've also list- 
ed Yagi dimensions. Although there are 
other suitable Yagi designs, I've included on- 
ly models with dimensions that have been 
covered in the amateur literature or can be 
purchased from a commercial manufacturer. 

My objective here is to describe a small, 

Designs for home const:ruction 

Yagi Gain Length Stacking Array Where Documented 
dBi E x H " Temp. 

FO-22 17.9 14' 66 x 62 26K ARRL Handbook 1990 or later 
FO-24 18.5 17' 70 x 66 25K Ham Radio, July 1987 
FO-32, MK 4 19.9 24' 82 x 78 24K Ham Radio, May 1989 
FO-3 3 19.9 24' 83 x 81 25K ARRL Handbook 1990 or later 
FO-36 20.4 28' 87 x 85 24K Ham Radio, May 1989 
DJ9BV Yagis lengths from 17' to 30' 26K DUBUS No. 2, 1991 
DL6WU Yagis lengths from 5' to >30' 27K ARRL UHF/Microwave Manual 

Suitable Commercial Models 

Yagi Gain Length Stacking Array Notes 
dBi E x H "  Temp. 

Rutland FO-22 17.9 14' 66 x 62 26K Rutland Arrays 
Rutland FO-25 18.6 17' 7 1 x 6 8  26K Rutland Arrays 
KLM-432-30LBX 19.2 20' 7 8 x 7 4  35K Single DE mod. recommended 
Hy-Gain 70-31DX 19.7 24' 80 x 77 32K Temp raised due to feed losses 
Rutland FO-33 19.9 24' 83 x 81 25K Rutland Arrays 
MA2 432-13WL 20.4 33' 8 7 x 8 5  33K 

Notes: 

Array temperature is the effective noise pickup of a 4 Yagi array pointed at 
at cold sky. Phasing line losses are not included. Figures are based on 
calculations by DJ9BV. 

The KLM 432-30LBX uses a 3 element log feed. Unwanted feed radiation raises 
its temperature. When converted to a dipole driven element its temperature 
would be about 27K. 

The Hy-Gain 70-31DX uses an RG-303 jumper from the driven element to feedline 
connector. By redesigning the feed without the jumper the array temperature 
be reduced to about 27K. 

Both the KLM-432-30LBX and the Hy-Gain 70-31DX are based upon the DL6WU design. 

Table 1. Recommended 432 MHz Yagi Designs for EME 



simple 432-MHz EME array which virtually 
anyone can put up and use successfully. I've 
chosen the FO-22 Yagi* as the array building 
block. A 4 x FO-22 Yagi array is small and 
light enough that commercial elevation and 
azimuth rotators can be used with the array; 
but, its performance is high enough that 
you'll be able work a large number of differ- 
ent EME stations easily and make random 
EME QSOs regularly. The FO-22 is also a 
great starting point for a larger array should 
you later decide to expand your array to 6,8, 
12, or 16 Yagis. 

Many hams have had good luck working 
four Yagis on EME. Bob, NOIS, put up an 
array of 4 x 23-element Yagis (FO-22s with 
an additional director) and worked over 20 
different EME stations in his first two months 
of operation. What's even more impressive 
is that Bob's contacts have been made with- 
out the benefit of any schedules. Another 
good example of the ability of the 4 x FO- 
22 element Yagis to perform on EME was 
demonstrated by Per, VS6BI. In only two 
months of operation with an array of 4 x 
FO-22s mounted on top of an apartment 
building, Per managed QSOs with 32 differ- 
ent stations. If one devotes a little effort and 
time, this array is capable of making contact 
with more than 100 different EME stations. 

Array construction 
There is a major problem inherent in 

EME arrays. When all the components of 
the array are put together (the Yagis, stack- 
ing frame, phasing lines, power dividers, 
preamplifier/relay box, and so on), they 
quickly exceed the weight and wind load cap- 
ability of inexpensive amateur commercial 
rotors and small towers. The FO-22 Yagi has 
a wind load o f  0.8 square feet, which is a 
small load. However, if you increase the 
number of Yagis to four, the array surface 
area increases to 3.2 square feet without the 
rest of the components. As 1 implied earlier, 
using more small Yagis will usually add 
weight and wind load at a slower rate than 
will arrays with large Yagis. In the sample 
array, when all the pieces are factored in 
(stacking frame, elevation rotor, phasing 
lines, power divider, and preamplifier box) 
the total array is approximately 7 square 
feet, or almost ten times the wind load of a 
single Yagi! However, this isn't a fearsome 
amount of wind load. It's about the same as 
what I calculate for a typical full-size three- 
element HF triband beam. 

Let's take another look at this size escala- 
tion problem. Suppose you want to double 
the array's gain (add 3 dB). You could come 
close to this figure by going to 8 x 22-ele- 

ment Yagis. However, this array would oc- 
cupy three times the physical area as the 
four-Yagi array. It would also have a wind- 
load area of about 18 square feet-over 
twice that of the smaller array. Due to stack- 
ing losses and increased phasing line losses, 
its gain would most likely be only 2.7 or 2.8 
dB greater than the four-Yagi array. 

Another approach is to use four long 
Yagis. Due to the nature of the Yagi charac- 
teristics, you would obtain around 2.5 to 2.6 
dB of additional gain if you made a 28-foot 
long Yagi-double the boom length of the 
22-element Yagi. To obtain 3 dB higher gain, 
you'd need a Yagi at least 33 feet long! The 
wind load of an individual Yagi of this length, 
made rough enough to survive the rigors of a 
northern climate, may have over 4 square 
feet of wind-load area per Yagi and a total 
array wind load exceeding 22 square feet. 
This very large array would have to be 
mounted at least 12 feet above any guy wires 
to allow for elevation clearance; thus, it 
would require a much stronger tower. 

With these numbers in mind, reflect back 
on the original purpose of this article: to 
describe a manageable array that will make 
you successful on 432-MHz EME, before 
you worry about becoming a big gun. The 
4 x FO-22 array's 7 square feet of wind load 
is also distributed over a relatively small 
area, so simple rotors can handle the load. 
This is not the case when using long-boom 
Yagi arrays. 

The stacking frame for the array is straight- 
forward. The main frame uses 1-1/2 O.D. x 
0.125-inch wall 6061 -T65 1 extruded alumi- 
num tubing!*The main horizontal piece is 6 
feet long and runs through the KR-500 eleva- 
tion rotor. The vertical pieces are 5 feet, 6 in- 
ches long and are held to the cross member 
by standard 1 X inch TV U bolts and %-inch 
aluminum plates. The plates are 4 x 5 in- 
ches, but the actual size isn't critical. The 
0.125-inch wall tubing is more rugged and 
heavier than necessary. I chose it because the 
tubing is made of extruded material, which is 
usually less expensive than the thinner wall 
drawn sizes. It also lets you tighten up the 
antenna and frame U bolts enough to hold 
the array in place, without collapsing the 
tubing. If you are careful about how you 
align the frame and tighten the U bolts, any 
tubing with a wall thickness of 0.058 inch or 

'Rutland Arrays, Tom Rutland, K31PW, 1703 Warren Street, New Cum- 
berland. Pennsylvania, (717)774-5298. 7 to 10 p.m. Eastern Standard 
Time. Rutland Arrays can also supply stacking frames and a wide assort- 
ment o f  antenna parts for those who wish to build their own antennas. 

**The Dillsburg Aeroplane Works, 114 Sawmill Road, Dillsburg, Pennryl- 
vania 17019, (717)432-4589, 8:W a.m.  to 5:30p.m. weekdays, 8:W a.m.  to 
I:00 p.m. Saturday. Dillsburg can supply a large assortment of  aluminum 
tubing, bar and plate, in small or large quantities. They also carry high- 
strength steel alloy tubing and plate. 
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larger will be adequate. You can also use TV 
mast or try 1 % inch schedule 40 6063-T651 
aluminum pipe (1.6-inch O.D. x 0.141 
wall)-the largest size which will fit through 
the KR-500 elevation rotor. 

Two pieces of 1.25-inch O.D. x 
0.058-inch wall x 48-inch long aluminum 
tubes hold the power divider and preampli- 
fier/relay box behind the array (see Photo 
A). Good array balance is important if you're 
using the KR-500 elevation rotor. I selected 
the mast position of the FO-22 Yagis so the 
array was balanced with the phasing lines in 
place. If your array doesn't balance, add 
counterweights. The power divider and pre- 
amplifier are mounted at the back of the array 
in order to minimize the phasing-line losses. 
At 432-MHz EME, any phasing-line losses can 
act as if they are three or four times as great 
on receive due to the low sky temperatures. 

My phasing lines are 42-inch lengths of 
Times FM-8. This is a foam-type RG-8 cable 
with a solid center conductor. The total line 
loss with new cable is 0.13 dB. Many VHF 
operators use Belden 9913 or similar cables. 
Be very careful when using 9913 or similar 
cables from other manufacturers. Because of 
the air volume inside the cable, it can very 
easily draw water inside when the tempera- 
ture or barometric pressure changes signifi- 
cantly over a short period of time. Make sure 
the connectors and the cable-to-connector 
joints are sealed carefully prevent water 

seepage. If you do use foam-type RG-8 or 
9913-type cables, you must think of these 
braided shield coaxial cables as expendable 
parts. Sooner or later, they will deteriorate 
due to moisture migration and plasticizer , 

contamination (even in noncontaminating 
jacket cables). Plan on replacing such cables 
every 2 or 3 years for optimum performance. 

You can use RG-213/U or RG-214/U, but 
you'll experience an insertion loss of 0.18 dB 
for the 42-inch phasing lines. This will de- 
grade receive performance by 0.2 dB over 
the new FM-8. The solid polyethylene dielec- 
tric of RG-213 and RG-214 is much less sen- 
sitive to moisture than foam dielectric cables 
and will usually last 10 years or more. 

I F  you can find it, aluminum jacketed 
hardline, like RG-33 1 /U (also called Alumi- 
foam@ or Foamflex@ ), will lower losses 
further. The best coaxial cable to use for the 
phasing lines is Andrew LDF4-50A (or a 
similar copper jacket cable like Cablewave 
Wellflex@ FLC). It will have even lower loss 
(0.05 dB for a 42-inch piece at 432 MHz). 
Believe it or not, the 0.08 dB lower loss of 
LDF4-50A cable will sound like a 0.35 dB 
difference on EME receive! So be sure to 
keep the phasing line losses as low as possi- 
ble; they make a huge difference. Both Alu- 
mifoam and HeliaxB -type cables will last 
much longer than braided shield cables. 
Their solid metal shields are effective vapor 
barriers, so the useful life for many of these 

Photo A. The power divider is sopported about 4 feet behind the array center to let very short phasing lines be 
used to reduce phasing-line losses. The preamplifier/relay box is mounted off center on the 3/2-wavelength 
power divider to allow for better use of the space inside the box. 



cables is over 20 years. All-copper cables 
have the longest useful life of any of the dif- 
ferent cable types. In our current polluted 
environment, rain water is quite acidic be- 
cause of its sulfuric acid content. Sooner or 
later, moisture will migrate into the connec- 
tors. The results will be much more devastat- 
ing in cables made with dissimilar metals 
(i.e., aluminum jacket and copper center 
conductor) than with all-copper cables. 

Much has been said about selecting the 
length of the phasing lines. Some argue in 
favor of'half-wave multiple phasing lines; 
others feel that odd quarter-wavelength mul- 
tiples are best. Theoretically, odd quarter- 
wavelength cables will minimize currents on 
the outside of the phasing line shields. This, 
in turn, will lower the array's temperature 
and improve receive performance. But if the 
individual Yagis aren't well matched, the im- 
pedance transforming characteristics of odd 
quarter-wavelength multiple transmission 
lines can make any mismatch worse. On the 
other hand, half-wavelength multiple lines 
should mirror the individual Yagi's feed im- 
pedance and reduce SWR problems. I've 
found that if the driven elements of the indi- 
vidual Yagis are matched and balanced, 
there will be little difference between half 
and odd quarter-wavelength multiples. The 
most important factor is simply to make sure 
all phasing lines are the same electrical length. 
I recommend that you measure cables elec- 
trically using a return-loss bridge. If you can 
only measure the cable physically, you may 
be better off using either a solid dielectric ca- 
ble like RG-213/U or a high-quality solid- 
jacket cable like Andrew LDF4-50A. which 
will have a very consistent velocity factor if 
the lines are cut from the same cable run. 

The power divider used on the array is a 
3/2-wavelength unit, which is a %-wave- 
length 144-MHz power divider made by 
WA6MGZ.* The longer unit is used to 
both reduce phasing-line loss and to allow 
room for mounting the power divider to the 
support tubes by getting the coaxial connec- 
tors out of the way. The large size (1 % 
inch) air dielectric coaxial line which makes 
up the power divider is very low loss. These 
types of power dividers can have the same 
dissimilar metal problems as aluminum 
jacketed cables should moisture get into 
them. If you're using an aluminum outer 
conductor power divider, I recommend that 
you silver plate the center conductor or coat 
the entire inside of the power divider (after 
assembly) with a good clear finish like 
RustoleumB Clear Coat. Do this by remov- 
ing the power divider end caps and pouring 
the clear enamel through. 

Some EME operators have eliminated the 

Photo R. The completed 4 x 22-element Yagi 432-MHz 
array is set up on a mast for portable operation. Because 
of its small size, it can be handled easily by one person. 
The array will fit into a small yard or on a roof top, let- 
ting those who never thought they could manage EME 
join in the fun. 

connectors and cut their costs by making 
power dividers out of copper tubing. The 
copper-shielded Heliax phasing lines are 
then soldered directly to the power divider. 

The completed 4 x 22-element Yagi array 
is shown in Photo B. The array has been set 
up so the four Yagis are arranged as mirror 
images. I used this arrangement because it 
doesn't necessitate running some of the phas- 
ing lines across the boom. Whether you use a 
mirror-image arrangement or not, it's im- 
portant to  have the array phased correctly. 
The center conductor from the feed cable 
must run to the same side of the driven ele- 
ment on all four Yagis (see Figures 2A 
and 2B). 

Azimuth and elevation rotors 
For simplicity, I used commercial azimuth 

and elevation rotors. The Yaesu G-500A 
(formerly the KenPro KR-500) has been used 
successfully by a number of four-Yagi EME 
operators. If the array is carefully balanced, 
generally good results are possible with four 
Yagis up to 20 feet long. Several operators 
have tried using the G-500A with Yagis long- 
er than 24 feet, but have usually experienced 
repeated rotor failure. The G-500A should 
work fine with the 4 x 14-foot Yagi array 

*Z Comm Custom Engineering. Chuck Smdlhour. WA6MGZ. 803 Mom 
Drive. Los Altos. California 94022. (415)948-1778, 5:00 to 10:W p.m. Pa- 
cific Time. Z Comm will also supply electrically matched phasing lines. 
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Figure 2A. I f  the Yagis are mirror imaged. the feedline 
center conductor connects to the same side of the driven 
element in the army. thus requiring mirror-image driv- 
en-element construction. 

Figure 2R. If  the Yagis are not mirror imaged, all 
driven elements are constructed in the same way, and 
the feedline center conductor still connects to the same 
side of the driven element when they are positioned in 
the array. 

shown here. EME operation only requires 0 
to 90-degree elevation motion. The KR-500 
has the ability to rotate over 180 degrees. To 
improve the indicator accuracy, I recalibrat- 
ed my KR-500 control box (see Photo C) in 
1-degree increments covering 0 to 72 degrees 
elevation because. at my latitude, the moon 
never gets above 76 degrees elevation. This 
recalibrated scale is a lot more convenient 
than the original 0 to 180-degree scale with 
its 2.5-degree increments. You could also 
calibrate the scale in 2-degree increments. 
This would allow full elevation readout to 90 
degrees, plus leave scale room below the hor- 
izon. It's nice to be able to point the array in- 
to  the ground. This lets you measure Earth 
noise, which is very helpful when verifying 
your system receive performance. 

Larger arrays require a more substantial 
elevation actuator than the KR-500. Some 
operators have ganged multiple KR-500s 
together in order to increase the array 
load capacity. Others have used the KR-500 
(or the Alliance U-100 type rotors) to drive 
elevation motion through chain or gear re- 
duction drives. TVRO-type linear actuators 
are popular, but will require the fabrication 
of some type of hinge mount. 

The Hy-Gain CD-45 or  HAM-IV are suit- 
able azimuth rotors. The Hy-Gain T2 X 
rotor could present a problem because it has 
6-degree braking increments, and the - 3 
dB beam width of the array will be around 
10 degrees while the - 1 dB beam width is 
only 5 degrees. These type rotors have a bad 
reputation for indicator accuracy-one of 
the prime reasons for failure on EME. Even 
an array this small will require both azimuth 
and elevation aiming to + 2.5 degrees for 
best results. A very easy way to confirm your 
aim is to use Sun noise. There are several 
Sun-tracking computer programs available. 
You simply peak your array for maximum 
Sun noise by pointing at the array at the Sun 
and comparing your indicator's heading to 
the real Sun azimuth and elevation. Com- 
pare headings over several directions to 
make sure of the calibration at different 
points. It's possible to make optical sight- 
ings, but they won't be correct for pattern 
skewing (should your individual Yagis not be 
perfectly aligned) as will calibrations made 
to the Sun's position. 

There are other rotors which are also suit- 
able for this array. The Diawa rotor is very 
popular in Europe and Japan. It has a very 
good indicator, but the unit is hard to  obtain 
in the United States. The Hy-Gain HDR-300 
is popular with some EME operators with 
large arrays because of its accurate readout 
and fine resolution brake. However, the 
HDR-300 is expensive and somewhat of an 
overkill for this small array. The Alliance 
HD-73 was recently made available again at 
a very reasonable price. The HD-73 is popu- 

Photo C'. 'l'hc l i H - 5 0 0  control hox i\ shown with the 
meter scale recalihrated in I-degree increments. This al- 
lows easy and precise elevation readout of the array. An 
angle readout dial is used to set the KR-500's calihration 
pot lo the new scale. 



Photo I). 'The inside of the preamplifier/relay box shows the attention paid to minimize connector and 
feedline losses. The surplus Transco Y relay mounts directly on the mail N connector of the power divider 
and another male connector is used on the modified AAR (;aAsFI<T preamplifier to eliminate all jumpers 
and adaptors from the receive line. 

lar with some VHF tropo operators; they 
like its dual-speed rotation control. Its slow 
speed is handy for peaking signals or making 
sure your array is aimed correctly. 

Relays 
Photo D shows a preamplifier/relay box. 

It's constructed from a standard steel 8 x 10 
x Cinch oil-tight JIC-type junction box. 
Vent holes are drilled in the bottom of the 
box to prevent moisture from building up in- 
side. Since this photo was taken, I've built a 
new preamplifier/relay enclosure using a 
plastic junction box (shown in Photos A and 
R). The PVC box is a better choice; it weighs 
less and has less of a tendency to hold mois- 
ture. It's also easier to cut connector holes 
out of the plastic. These boxes are available 
from local electrical supply houses. If your 
box isn't light in color, I recommend that you 
paint it white so it will reflect the sunlight 
better and reduce heat buildup during the 
day. Temperature elevation will increase the 
noise figure of a preamplifier during the day. 
Greater temperature differentials will also 
make any condensation problems worse. 
Many operators put desiccant (like bags of 
silica gel) in the preamplifier box to protect 
the preamplifier and relays from moisture. 

To reduce losses and eliminate additional 
coaxial connectors (always a potential prob- 
lem), mount the power divider directly to the 

preamplifier/relay so the input connector to 
the power divider protrudes into the box. A 
male N chassis mount connector (Pamona 
model 2454) is mounted on the power divid- 
er. This allows the surplus Transco Y relay 
(model 11300) to connect directly to the 
power divider without any adaptors. The 
preamplifier is a modified AAR (model 
P32VDG) which also has a male N chassis 
mount connector on its input to eliminate 
any adaptors, and their associated losses and 
potential problems. 

I chose the Transco Y-type relay because 
they're available through surplus channels 
for a reasonable price and their physical con- 
figuration allows the connections to the 
power divider and preamplifier to be made 
without extra jumpers and adaptors. Be 
careful when using surplus relays like the 
Transco Y type. The relay contact's plating 
can oxidize, causing poor connection on re- 
ceive. Check the relay if in doubt. Insertion 
loss for a good Y-type relay at 432 MHz is 
about 0.035 dB. Most of the surplus relays 
will have 28 volts DC coils. I   refer DC coils 
because they switch faster and run cooler 
than AC types. The 28-volt rating may be a 
minor inconvenience to some operators be- 
cause a separate power supply is required. 
However, having a separate power supply is 
an advantage as it will prevent relay switch- 
ing spikes from harming other equipment. 
Note that the relay coils have diodes across 

Communications Quarterly 39 



Photo E. T w o  common types o f  low-loss, low-SWR microwave relays. A Dynatech 
D4-P relay. which is a special high-power (1500 watts at 500 MHz) model is shown 
on the left. A standard Transcn Y-type relay, whicb can handle over 1 0 0  wattsat 
432 MHz in  intermittent amateur keyed C W  and SSR service, is on the right. 

them to minimize this spike problem. 
There are many other suitable relays. The 

Transco D-type relay (part no. 810C00100) is 
also a good unit. The D-type relay is made in 
a rectangular box about 2.5 x 2 x I-inch, 
and all three connectors exit at one end. 
These relays have very high isolation (typi- 
cally over 80 dB at 432 MHz) and an inser- 
tion loss of around 0.05 dB at 432 MHz. The 
one disadvantage of the D-type relay is that 
the connectors are close together and all on 
the same side. This arrangement requires 
some additional coaxial jumpers or adaptors 
in order to facilitate connections to the pow- 
er divider, preamplifier, and transmitter feed 
line. Relays similar to the Transco D type are 
made by many other manufacturers like Mi- 
crowave Devices, Joslyn Defense Systems 
(formerly made by Amphenol), Dynatech, 
and Dow Key. Photo E shows a Dynatech 
type D4 relay. Some of these relays are avail- 
able in both failsafe (energize to switch and 
keep energized to hold in) and latching mod- 
els (pulse to switch each way). I prefer the 
failsafe models used in the energize-to-re- 
ceive mode. They offer additional preampli- 
fier protection as the array is disconnected 
when the system is not in use. You will also 
be able to operate in a "wounded" mode 
should the antenna preamplifier fail, by sub- 
stituting a relay and preamplifier in the shack. 
These relays often show up at amateur radio 
flea markets and in surplus stores.* 

A relay similar to the D type is make in 
Germany by EME Electronics (model H P  
2000/6). EME Electronics also makes a 
model HF-400, which is very popular with 

the European EME operators. The HF-400 
has lower isolation (about 55 to 60 dB at 432 
MHz), but has very low insertion loss (less 
than 0.2 dB at 432 MHz). This means it can 
handle 1500 watts with ease. The EME Elec- 
tronics relays have standard 12-volt coils. 
Unfortunately, I don't know of a United 
States distributor for the company.** 

I like to use a two transmission-line ar- 
rangement for connection to the preamplifi- 
er. Because I use a transverter to generate my 
432-MHz RF, I can avoid using a second re- 
lay in the system. This method also works 
well if you're using a 432-MHz transceiver. 
With a two transmission-line system, you use 
a low-power relay at the output of the trans- 
ceiver and bypass the high-power amplifier. 
Alternatively, the transceiver could be modi- 
fied to eliminate its RF switching and pro- 
vide separate 432-MHz transmitter output 
and receiver input. This method eliminates 
the need for the second relay-just like my 
transverter arrangement. Figure 3 shows 
connection diagrams for the two transmis- 

, CTRX, 
FEEDLINE FEEDLINE 

TX POWER AMP R X  CONVERTER 
*Tucker Surplus Store. 1717 Reserve Strm. Garland. Team 75042. (800) 
527-4642. ext. 135 ( H w m  Smith). is one of many surplus stores which of- 
ten have relays and test equipment. Chcck QSTHam-Ads and the Ham 
Trader Yellow Sheets, too. 
**EME Eliktronik. Karl Muller. Benediktstr. 6. 8021 Hohenschaftlarm 3' The 'ystem Ihe e ' ~ m n t  
FRB. simpllclty o f  one relay. 



sion-line preamplifier connection. 
Some operators prefer to use only one 

transmission line. This requires the use of a 
second high-power relay or a high-power 
double-pole relay (see Figure 4). Another 
high-power relay is required in the shack to 
bypass the power amplifier. This type of 
preamplifier connection must have proper 
relay sequencing to avoid both front and 
rear-end burnout. 

Much has been written about using a sec- 
ond relay between the first relay and the pre- 
amplifier to provide additional isolation. 
The theory is that the second relay will re- 
duce the amount of transmit power that 
leaks through to the preamplifier. This, in 
turn, reduces the chances of preamplifier 
burnout. It used to be common to put a 
50-ohm load on the unused port of the isola- 
tion to terminate the preamplifier during 
transmit and prevent the preamplifier from 
oscillating. In fact, a relay with 60 dB of 
isolation (the Transco Y or EME HF-400) 
will present only 1.5 mW of power to the 
preamplifier if there's 1500 watts of 
transmitter power at the relay. Modern 
GaAsFET transistors typically can handle 60 
times that power level before they are 
destroyed. As far as preamplifier oscillation 
during transmit is concerned, if the DC 
power to the preamplifier is properly current 
limited through the use of a series resistor 
with the power supply, the GaAsFET won't 
suffer any damage-even if it does oscillate 
on transmit. A final argument for the two- 
relay system is that the 50-ohm termination 
can be used as a reference level when making 
noise measurements. This doesn't always 
work out well either. Since one's array is 
never quite 50 ohms, and is also a narrow- 
band load, the gain of the preamplifier will 
change when it's switched between the load 
and the array. On 432 MHz, pointing the 
array at cold sky will make a much better 
noise reference. This is not only because 
errors due to gain variation will be avoided, 
but also because the low temperature of a 
cold sky (versus a 50-ohm resistor at am- 
bient temperature) will give a much greater 
Y factor (difference in noise output) between 
cold sky and noise sources. This greater Y 
factor will give better measurement accuracy 
of noise sources which, in turn, allows 
the operator to better evaluate his sys- 
tem's performance. 

The EME system is less complicated if you 
use one good relay, because it has one less re- 
lay to create problems. Also, without the ad- 
ditional losses from the second relay and its 
related connectors, the system's EME re- 
ceive performance will be improved. It will 
also be less costly to build. 

Figure 4. The single-feedline approach requires at least 
three high-power SPST relays (ofone DPDT and one 
SPST relay). 

ANT 

K 2 
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You may find this surprising, but almost 
all of the latest generation of multimode 
transceivers are quite EME capable when 
combined with a good array-mounted pre- 
amplifier. Successful 432-MHz EME opera- 
tors have used the ICOM IC-471A/H and 
IC-475A/H, the Kenwood TS-790 and 
TS-811, and the Yaesu FT-726R and 
FT-736R. I personally prefer to use an HF 
receiver or transceiver with a good 
transverter. This type of system will normal- 
ly have better dynamic range than a 
multimode transceiver and more selective IF 
filtering. I'm biased, in part, because of my 
location in a high-RF density location (line- 
of-sight from Long Island and only 70 miles 
from New York City). I also have a prefer- 
ence for very narrow CW IF filters, and nor- 
mally use an old Drake TR-7A with a good 
Sherwood 200 Hz IF filter. I recently had the 
opportunity to try out a Kenwood TS-790A 
on EME. Once I became accustomed to the 
sound and tuning of the TS-790A, I found 
there wasn't much of a difference in receive 
performance when I used the TS-790A with 
its 500-Hz CW filter and my HF 
receiver/transverter arrangement. Many 
other operators seem to do as well as I do 
with SSB bandwidth (2.3 kHz) filters and 
UHF multimode transceivers, or with 
receivers using 500-Hz CW filters. Always 
remember that an expensive transceiver with 
all the "bells and whistles" is not a require- 
ment for EME operation. On his many suc- 
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cessful EME DXpedition operations, 
KL7WE used a simple ICOM IC-402 por- 
table 432-MHz transceiver with a good audio 
filter. Other EME top guns, like DL9KR and 
NCII, use old Drake 4-line tube equipment 
with transverters. In some cases, it appears 
that equipment with simple signal paths in 
the receiver works best. 

Those who wish to use their HF equipment 
with a transverter will find that the Microwave 
Modules MMT-432s has been the standard 
432-MHz transverter worldwide for many 
years. Although the design is now somewhat 
dated, they are widely available on the used 
market at reasonable prices. The MMT-432 
has marginal front-end selectivity and limited 
image rejection. If you live in a populated 
area, you may need a good filter between the 
preamplifier and MMT-432 (cavities, strip- 
lines, and interdigital filters are suitable). 
SSB Electronics also makes VHF and UHF 
transverters. The LT-70s is a complete unit 
(except for the power supply). The TV28-432 
and accessories is a modular system for those 
who prefer to customize their installations.* 
Some EME enthusiasts even use 144-MHz 
multimode transceivers with a transverter 
which has a 144-MHz IF frequency. 

The most important part of EME recep- 
tion is to try different filter combinations 
and AGC settings, and to listen to the CW 
signals at different pitches, until you deter- 
mine where and how you hear best. The 
amount of total system gain is also very im- 
portant. If the preamplifier gain is too low, 
you'll hear IF and audio noise which may 
mask the EME signals. Receive performance 
may also be impaired if there's not sufficient 
preamplifier gain to override the receiver's 
RF and IF noise. 

If the system gain is too high (usually indi- 
cated when the receiver S meter reads up the 
scale when no signals are present), there will 
probably be too much AGC action. This will 
bury the weak EME signals in the back- 
ground noise. I prefer to adjust the gain so 
the background noise is just below the point 
at which the S meter starts to move up the 
scale. The combination usually masks IF and 
audio noise and gives some AGC action, but 
not enough AGC action to mask the weak 
signals. I prefer a fast AGC recovery, but 
many operators switch their receiver's AGC 
off for EME operation. Believe it or not, one 
of the reasons why I prefer to have the AGC 
on is that some of the stations are so strong 
that, if you're wearing headphones, they'll 
hurt your ears when you tune across them 

*SSB Electronics USA, K3MKZ, 124 C herrywood Drive, Mountaintop, 
Pennsylvania 18707, (717)068-5643, weekdays after 6:30 Eastern Standard 
Time, or on weekends. 

with the AGC off. The amount of system 
gain is often best adjusted by using an atten- 
uator in the IF line for transverter setups or 
between the last preamplifier and the UHF 
transverter. You'll find a good step attenua- 
tor is invaluable both for adjusting gain and 
making noise source measurements. 

Everyone's ears are different, but most 
EME operators (and good H F  CW opera- 
tors) prefer a CW note around 500 Hz or 
lower. Some prefer notes as low as 300 Hz. 
For some reason, most current HF and 
VHF/UHF transceivers are set up for a stan- 
dard CW pitch of 800 Hz. Receivers or 
transceivers with some form of passband 
tuning, IF shift, or adjustable CW offset fre- 
quency that allows you to move the filter re- 
sponse to your preferred CW note, are the 
most desirable models. Some operators use 
audio filters. I haven't found any audio filter 
that makes a spectacular difference in EME 
copy. I do normally use an audio filter on 
EME to eliminate wideband noise, hum, and 
rumble. I feel that the audio filter lets me op- 
erate for longer periods of time without fa- 
tigue by getting rid of unwanted noise-es- 
pecially high- frequency hiss from the audio 
stages. I use a relatively simple analog CW 
peaking filter (using operational amplifiers), 
while many other EME operators speak 
highly of the SCAF (switched capacitance) 
or "digital" filters like the Super Scaf or the 
Palomar models. 

Simply stated, almost any 432-MHz multi- 
mode transceiver made in the last seven 
years, and almost any HF transceiver or re- 
ceiver made in the last 15 years, is probably 
good enough for EME-as long as you have 
good preamplifiers (and a converter, if re- 
quired). Save your dollars for preamplifiers, 
power amplifiers, and antennas! 

Power amplifiers 
EME contacts on 432 MHz have been 

made by stations with relatively small arrays 
and as little as 100 watts. WBOGGM has 
made about a dozen EME QSOs by mount- 
ing his 100-watt "brick" at the power divid- 
er of his 4 x 17-foot long Yagi array. In 
keeping with the theme of allowing a margin 
for error, as well as having regular random 
QSOs, the minimum recommended power at 
the array is 500 watts. Unfortunately, a wide 
variety of amplifiers above the 100-watt sol- 
id-state brick units don't exist for 432 MHz. 
For years, Fred Murray, W2GN, made cop- 
ies of the K2RIW parallel 4CX250 class tube 
amplifiers. With a good pair of 8930s or 
4CX250Rs, these amplifiers will deliver over 
1000 watts of power when run class C. Al- 
though the amplifiers haven't been made for 
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several years (W2GN passed away several 
years ago), second-hand Arcos amplifiers (as 
well as homebrew RIW amplifier copies) are 
frequently available. Keep your eyes open at 
flea markets and read the classified ads in 
the ham publications. 

There are presently two readily available 
high-power commercial 432-MHz amplifi- 
ers. The Henry Radio 2004-A uses a single 
3CX800A7 triode, and has a linear RF out- 
put of over 700 watts. Russ Miller, N7ART, 
is manufacturing an amplifier which uses 
two 3CX800A7 triodes and will make the 
1500-watt power output limit.* 

I suggest that those who wish to build their 
own amplifiers read my article in QEX on 
power tubes at 432 MHz.' The article's bibli- 
ography contains references to several 
432-MHz amplifier construction projects. 

Preamplifiers 
Part 1 described how the improvements in 

receiver technology which occurred in the 
1980s were responsible for moving EME op- 
eration into the hands of operators with 
small arrays. Success with a four-Yagi array 
requires excellent receive performance. 
Again, keep in mind that every tenth of a dB 
in system capability will result in a 2 to 4 
times improvement in receive signal-to-noise 
ratio. The target to shoot for is a receive sys- 
tem noise temperature of less than 35 degrees 
K (less than 0.5 dB noise figure). Few com- 
mercial preamplifiers truly meet this require- 
ment. Performance is affected by more than 
the preamplifier. The following stages can 
add to the system noise temperature, if the 
first stage doesn't have high enough gain to  
overcome the following stages (especially if 
you use a long feed line run). Simply adding 
a second stage can affect performance, as 
amateur preamplifiers are not typically im- 
pedance matched or unconditionally stable. 
This can cause preamplifier oscillation when 
one stage doesn't like the next one it's con- 
nected to. 

The GaAsFET preamplifier has been the 
standard for VHF and UHF weak signal 
work for several years. There are two basic 
types of GaAsFET devices. The dual-gate 
GaAsFET is very popular because it's inex- 
pensive. It can provide a high amount of 
gain and still be very stable. Unfortunately, 
dual-gate noise figures are usually over 1.0 
dB. The commonly available RF-switched 
preamplifiers use lossy low-power relays 
which limit transmit power capability, as 
well as reduce receive performance. Conse- 
quently, most commercial amateur-type 
switched preamplifiers have noise tempera- 
tures in the 120 to 170 degrees K range (noise 

figures in the area of 1.5 to 2.0 dB). This is 
not EME capable performance! 

The second type of GaAsFET is the single- 
gate device. This device is the choice for 
weak signal work. Several commercial pre- 
amplifiers are available which will get you 
under the desired 35 degree K temperature 
mark. The most popular devices are the Mit- 
subishi MGF-1302, MGF-1402, and 
MGF-1412. I feel that the ' 1412 is the best 
device, as individual units are very consistent 
in their electrical parameters. The '1402 is 
almost as good, but some lots of devices are 
better than others. While the '1 302 will give 
acceptable performance, it is, on average, 
measurably inferior to the other FETs. (The 
lot-to-lot variations in the '1 302 are even 
greater than the '1402-as may be expected 
because of its lower price.) "Hot" 
MGF1302s do exist, as evidenced in some of 
the noise figure contests. Often these extra 
low noise units are selected devices, not ran- 
dom production units. Other suitable devices 
are made by Avantek (ATF-10136) and NEC 
(NE21889). 

Preamplifier input circuits can be grouped 
into three basic categories: coil, stripline, 
and cavity. Coil circuits can be made with 
noise temperatures under 35 degrees K (0.5 
dB nf). Stripline circuits are often under 29 
degrees K (0.4 dB nf). The lowest measured 
432-MHz noise temperatures have been from 
preamplifiers using very low-loss cavity in- 
put circuits with noise temperatures as low as 
21 degrees K (0.3 dB nf). The Advanced Re- 
ceiver Research P432VDG uses a traditional 
coil input circuit. If you remove the GaAsFET 
gate lead, input coil, and input capacitor 
connections from their printed circuit board 
pads and connect them together by suspend- 
ing them in air, the AAR preamplifier can 
obtain a noise temperature of about 35 de- 
grees K (0.5 dB noise figure). The AAR pre- 
amplifier is small, stable, and moderate in 
cost .**Although its noise temperature isn't 
the lowest available, several stations have 
reported success with the AAR preamplifier 
in cases where more sophisticated units 
haven't worked properly. A commercial 
stripline preamplifier is made by Microwave 
Components of Michigan. The 432-MHz 
model typically has about a 29 degrees K 
noise temperature (0.4 dB noise figure) + 
and is used by several EME stations. 

The cavity preamplifier has been popular- 
ized by WA7CJ0.2 As mentioned before, it 

'Russ Miller, N7ART, 12041 SW Penninsula Drive, Crooked River 
Ranch, Oregon 97760. A construction project writeup on the amplifier ap- 
peared in "VHF/UHF and Above. March 1988. 

-*Advanced Receiver Research, Box 1242, Burlington, Connecticu106013, 
(203)582-9409. 
t Microwave Components o f  Michigan, P.O. Box 1697, Taylor, Michi- 
gan, 48180, (313) 753-4581 (Norman Alred, WABEUU). 
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offers the lowest available noise temperature 
of 21 degrees K (0.3 dB noise figure). Unfor- 
tunately, the machining work required to 
manufacture such a preamplifier has pre- 
vented its sale as a commercial item because 
the price of such an amplifier would be sev- 
eral hundred dollars. 

Some of the modern converters and trans- 
verters have noise figures under 2 dB and 
may only need one preamplifier stage for 
good performance. Most of the 432-MHz 
multimode transceivers use pin diode switch- 
ing and fairly hefty front-end filtering, 
which results in an effective noise figure of 
over 5 dB. This high a noise figure, com- 
bined with transmission line loss, will de- 
mand two stages of preamplification to 
achieve adequate system noise temperature. 
Remember that the overall system noise tem- 
perature is dependent not only upon the first 
stage noise figure, but its gain, and the noise 
figure and gain of the succeeding stages. 

If a second-stage preamplifier is required, 
I recommend that you use a device which has 
impedance-matched input and output cir- 
cuits (input and output impedances are close 
to 50 ohms). As I mentioned before, cascad- 
ing noise optimized preamplifiers typically 
have very poor input SWRs (when tuned for 
best noise performance their input imped- 
ance will not be 50 ohms). Also, these units 
are often only marginally stable under this 
condition. I recommend you use the imped- 
ance-matched unit designed by N6CA as a 
second-stage preamplifier.' The N6CA pre- 
amplifier has also been successfully used as a 
first stage by stations experiencing oscilla- 
tion problems with other preamplifier types. 
The impedance-matched type preamplifier is 
also very useful where extreme interference 
problems exist. A matched preamplifier will 
work well after a low-loss high-Q cavity fil- 
ter, while unmatched preamplifiers will of- 
ten exhibit problems when connected to fil- 
ters. The one disadvantage of the N6CA pre- 
amplifier is that its noise temperature is 
about 35 degrees K (0.5 dB noise figure) 
which, due to its input circuit losses, is some- 
what higher than can be obtained without 
high-Q circuits. 

In Europe, a two-stage preamplifier de- 
sign by DL9KR,4 which uses a high-Q single- 
gate input stage and a high dynamic range 
dual-gate second stage, has become popular. 
The stages are tuned together using a two- 
stage preamplifier, solving the problem of 
cascading unrelated stages. The preamplifier 
is also designed to have enough selectivity to 
be able to survive reasonably high RF inter- 
ference locations. 

Protection is important if you want to 
avoid the inconvenience and cost of blown 

preamplifiers. RF burnout is rarely a prob- 
lem if you use proper relay sequencing. Pro- 
per sequencing occurs when the RF relays ac- 
tuate before a transmit signal can be 
generated. This is similar to the sequencing 
used in QSK systems. A sequencer is de- 
scribed in The ARRL Handbook.* A com- 
mercial sequencer is available from Ad- 
vanced Receiver Research. Array-mounted 
preamplifiers are most often destroyed by 
static electricity pickup in the DC power 
lines during electrical storms. I strongly re- 
commend that you use shielded cable to run 
the DC power up to the preamplifier box. In 
Photo D, the picture of the preamplifier 
box, you can see a 15-volt, 10-watt zener 
diode. It's connected across the preamplifier 
power line. MOVs and large-value bypass 
capacitors will also help to protect against 
lightning-induced damage. However, you 
should always remember to disconnect and 
ground the leads when thunderstorms are in 
the area. After one severe thunderstorm, I 
found that the diode across my antenna relay 
was blown, but the relay and preamplifiers 
were unharmed thanks to the zener diode. 

In general, 432 MHz is free from signifi- 
cant out-of-band interference. But if you live 
in a high-density RF location, especially if 
there are UHF and FM broadcast stations 
nearby, you may experience interference. 
This interference usually occurs when the 
broadcast stations are so strong that they 
overload the preamplifier and cause IMD 
mixing products in the preamplifier. Solu- 
tions include using as selective as possible a 
first-stage preamplifier (like a cavity-input 
circuit model), using a trap for the offending 
FM station, or using a cavity filter in front 
of the preamplifier. If you appear to have 
trouble hearing, although everything else 
seems normal, try tuning around with the re- 
ceiver set in its widest bandwidth with either 
an AM or FM detector turned on. You may 
be able to detect the modulation of either the 
FM or TV station, if it's causing a problem. 
My own receiver arrangement uses a very 
low noise figure cavity preamplifier connect- 
ed to a four-pole interdigital filter and then 
to an impedance-matched second stage (sim- 
ilar to the N6CA preamplifier). Without the 
filter between the stages, I would be wiped 
out from UHF TV and FM broadcast inter- 
ference. My attempts to use an unmatched 
second-stage preamplifier were unsuccessful. 

Feedlines 
Questions are often raised regarding the 

type of transmission line to use. There's a 
simple answer for the transmit line. You 
want the largest, lowest-loss line you can af- 
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ford or scrounge and still be able to put up 
your tower. The run should be the shortest 
possible length. Just as with phasing lines, 
the all-copper "hardlines" like Andrew Hel- 
iax@ or Cablewave Wellflex@ (low density 
foam or air dielectric) are best. Cable in % 
and %-inch sizes often shows up at flea mar- 
kets. The %-inch sizes are often more avail- 
able, as many amateurs don't want to hassle 
with the large cable. You can usually find 
copper rigid line as low-cost surplus (typical- 
ly around the scrap copper cost). Rigid line 
comes in 1% inch and larger sizes (up to 8 in- 
ches!). It's heavy and cumbersome to han- 
dle, but very low loss. Aluminum jacket 
hardline is the next best choice. Seventy-five 
ohm CATV cable is better than braided 
shield coaxial cables and can have very low 
loss. You can either make the whole system 
75 ohms, or use matching transformers. 
Don't use 75-ohm CATV cable for phasing 
lines unless you can measure the lengths elec- 
trically. I've seen some large velocity factor 
variations in CATV cable-even from the 
same reel. 

Choosing the flexible line which goes 
around the rotors is more problematical. 
Here your choice is limited. Andrew %-inch 
Superflex will be the lowest loss, but it's a 
very hard cable to keep water free. RG- 
213/U and RG-214/U are marginal in terms 
of power handling and are high loss. Larger 
solid dielectric cables like RG-14/U or RG- 
17/U aren't all that flexible, and can pull the 
connector center pins apart in cold weather. 
Some operators have used semiflexible ca- 
bles like LDF4-50A and simply made very 
large loops. Using a foam-type RG-8 cable 
and replacing it every couple years may be 
the best tradeoff. I've never had any prob- 
lems with N connectors handling 1500 watts 
at 432 MHz, provided they were properly in- 
stalled. However, I've completely destroyed 
N connectors that didn't have good shield 
contact or had badly misaligned center pins. 

The requirements for the receive line de- 
pend on how long your run is and how much 
preamplifier gain you have. If you have a 
long run of cable, you'll need either a two- 
stage preamplifier system or very low loss ca- 
ble (like 7/8-inch O.D.). Unless you can find 
a good deal on cable, the best price tradeoff 
may be to use a two-stage preamplifier sys- 
tem and smaller cable (foam RG-8 type, for 
instance). If you are using a single-stage pre- 
amplifier, you don't want more than 2 dB of 
feedline loss. For two-stage systems, line 
losses of up to 10 dB can be tolerated. 

Tracking the Moon  
One of the major reasons new EME sta- 

tions fail is that they simply may be unable 
to reliably point their array at the Moon. 
Some stations may start out visually sighting 
the moon. This quickly becomes tiresome 
because it requires many trips out to the ar- 
ray. Cloud cover can also make visual sight- 
ing impossible, causing you to miss opera- 
tion on good EME days. The advent of the 
personal computer has made Moon tracking 
a simple task. For those with IBM MS-DOS 
compatible computers, there's a wide variety 
of shareware, public domain, and commer- 
cial software. 

One of my favorite programs is W9IP 
RealTrak. This program will not only print 
out antenna azimuth and elevation headings 
for almost any celestial object, but if used 
with an analog input/digital output board, it 
allows you to automatically track any of the 
objects with one or two arrays in real time. 
Objects you can track include: the Moon, 
the Sun, celestial noise sources and cold sky 
areas, and most amateur satellites. RealTrak 
is available in complied form only for IBM 
DOS-compatible systems, with or without a 
math coprocessor.* RealTrak can use the 
IBM 645 1502 Data Acquisition Board,** the 
Real Time Devices AD-200 or AD-I 100 A/D 
boards, + and can also be interfaced with the 
Kansas City Tracker system. A similar pro- 
gram, VHF PAK, is sold by WAIOUB. ++ 
VHF PAK has real-time Moon and celestial 
object position information, but doesn't 
have automatic array tracking capability. It 
does include other programs for meteor 
shower prediction and distance calculation. 

Another automatic array tracking pro- 
gram has been introduced recently by Gary 
Meyers, K9RX.* You can order the program 
and, if you wish, the hardware to interface 
the computer to the array indicators and ro- 
tors. One of the available hardware inter- 
faces allows several hours of tracking infor- 
mation to be downloaded to the interface. 
This means you can use your computer for 
other tasks, or turn it off while the array still 
tracks in real time. 

Still another real-time tracking program is 
available from Doug McArthur, VK3UM. ** 
The VK3UM EME Planner features a large 
database of DX locations which allows for 
easy common Moon window calculations 

*Michael R. Owen. W91P/2.21 Maple Street, Canton, New York 13167. 
Cost is $40. Purchasers can receive free updates by sending formatted flop- 
pies. 
"This IBM A/D interface has been out of production for several years. 
They have been, and still may be, available through surplus channels. 
tRcal Time Devices, State College, Pennsylvania. 
ttVHF PAK ($35) and VHF87 PAK ($45 for computers with math coproc- 
essors) are available from Bob Mobile, WAIOUB. RFD R, Box 442, 
Hillsboro, New Hampshire 03244, (603)464-3187. 
*EME Tracker Program. Gary Meyers. K9RX. 1753 Elmwood Drive. 
Rockhill. South Carolina 29730. (803)327-6024. 
"Doug McArthur, VK3UM, 30 Rolloway Rise, Chirnside Park 31 16, 
Australia. 
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from virtually any place on the Earth. Auto- 
matic array tracking capability is also built 
into the program for use with an interface 
circuit which connects to an RS-232C serial 
port. Separate versions are available for use 
with and without math coprocessors. The 
program is available in compiled form only, 
but is free for a blank disk and return post- 
age. Doug also has available for sale a limit- 
ed number of printed circuit boards for the 
construction of the computer-to-array inter- 
face circuits. 

Before the widespread use of real-time 
programs and auto-tracking, the WAl JXN 
MOON program was one of the most popu- 
lar.6 The program will display on the screen 
or print out the Moon's azimuth, elevation, 
GHA, declination, and sky temperature. 
Provision is included to calculate predicted 
signal loss from ideal conditions (due to the 
Moon's distance) and the sky temperature 
behind the Moon (due to  celestial noise 
sources). Other programs available from 
WAI JXN include: SUN, which calculates 
the Sun's position, and STARS, which deter- 
mines the position for several celestial noise 
objects. BASIC source code is available, as 
well as compiled versions.* 

Those with other home computer systems 
don't have quite as large a selection of EME 
software. However, sekeral programs are 
available. One source for programs for the 
Apple, TRS-80, and Commodore VIC-20 is 
Computer Programs for Amateur Radio. ' 

Those who don't own computers can still 
find the Moon when it's not visible. The As- 
tronomical Almanacs (printed annually) 
contains data on the position of celestial ob- 
jects in GHA and declination format. Sev- 
eral programs are available to  translate this 
information into local azimuth and declina- 
tion data.9 

Once you have a computer program which 
gives you the moon's azimuth and elevation, 
you need to calibrate your azimuth and ele- 
vation indicators. The - 3 dB beamwidth of 
this array will be approximately 11 degrees in 
both the E and H planes. However, array 
aiming accuracy must be much greater than 
+ 5.5 degrees, as a 3-dB loss (6 dB on your 
own echoes) will be unacceptable. Minimum 
acceptable aiming accuracy is that necessary 
to keep the array pointed at the Moon, with- 
in its - 1 dB beamwidth points; that is, 7 de- 
grees or + 3.5 degrees. For best results, the 

1')istribution of the WAIJXN, and in North America, the VK3UM pro- 
grams has becn a problem. WA2TlF has been handling the freeware distri- 
bution. To recelve copies of the programs, send formatted disks with a 
postpaid self-addressed mailer. The VK3UM EME planner and data files 
fill a 360-KB disk. Specify standard or coprocessor version. The WAl JXN 
MOON, STARS, and SUN programs with both source and object files will 
all fit on a single 360-KB disk. 

array should be aimed within its - 0.5 dB 
points; this corresponds to  -t 2.5 degrees. 

Your first step is to make sure all the Yagis 
are aligned parallel to each and are perpendi- 
cular to the stacking frame. If all Yagis are 
steered off to one direction, the pattern of 
the array will be skewed in the same direc- 
tion-usually by twice the physical misalign- 
ment. Gain deterioration will be minimal if 
the alignment isn't too bad. However, this 
misalignment will make a boresight useless 
for confirming the array's direction. 

The best way to calibrate the indicators is 
to use the Sun. Because most programs give 
headings for the Sun, you simply peak the 
array on the Sun by rocking it back and 
forth (in both azimuth and elevation) until 
you obtain the maximum S-meter reading. 
Then adjust your indicator calibration con- 
trols so the indicators agree with the correct 
position. Many rotors let you do this from 
the shack. In some cases, the rotor indicator 
may not track correctly over the rotor's full 
rotation. It's advisable to check your azi- 
muth and elevation readouts at several posi- 
tions. If calibration cannot be maintained, 
it's advisable to  make up a calibration chart 
listing indicator readings versus actual posi- 
tion. Having good position indicators will 
make EME operation much more enjoyable 
and possible when you aren't actually able to 
see the Moon. 

Testing your system 
The simplest system test you can perform 

involves pointing your array at the Moon 
and listening for EME signals. However, 
you may want to use a more quantitative ap- 
proach to find out how well the system is 
working. Sun noise is a very useful test. The 
method recommended to measure Sun noise 
uses a step attenuator in the IF line. First 
point the array at cold sky. Then using the 
widest available receiver bandwidth, turn the 
product detector on and the AGC on slow 
speed, and adjust the attenuator for an up 
scale S-meter reading (S3 to S5 is usually 
good). The two major cold sky spots (Aqua- 
rius and Leo) are listed in many of the track- 
ing programs I've described. Now turn the 
array towards the Sun and move it around 
until you find the highest noise level. Then 
switch the attenuation in until the S meter re- 
turns to its original cold sky reading. The 
number of dB of Sun noise is the difference 
between the current and original number of 
dB attenuation inserted. The Sun is the 
strongest, but also the most variable, noise 
source; this limits the effectiveness of Solar 
noise readings. For the 4 x 22-element Yagi 
EME array, you should see between 10 and 
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14 dB of Sun noise-depending upon the 
Sun's activity level. The best absolute check 
is to compare Sun noise readings with a few 
of the more experienced EME stations, when 
measured at the same time. This information 
is often exchanged on the weekend 20-meter 
EME nets. Sun noise is a combination mea- 
surement; that is, it's dependent upon the ar- 
ray gain, noise pickup, phasing-line and 
relay losses, and system noise temperature. 

Other noise sources that should be detect- 
able are the galactic core (Sagittarius), Cyg- 
nus-A, and Cassiopeia. Sagittarius should 
give about 4.5 dB to cold sky, Cygnus-A 
about 2.0 to 2.5 dB, and Cassiopeia about 
2.0 to 2.2 dB. Cygnus-A and Cassiopeia be- 
have the same as the Sun; that is, they are 
composite system indices of performance. 
Because the galactic core is such a large noise 
source (in terms of sky area covered), it's less 
dependent upon array gain than the other 
noise sources. Use the same measurement 
procedure to measure these noise sources 
that you'd use to measure Sun noise. Estab- 
lish cold sky reference level and then move 
the array to the noise source. These noise 
sources are very stable with time; however 
Cassiopeia is slowly fading in strength. 

You can use Earth noise as a final system 
check. To measure Earth noise accurately, 
your array must be fairly high and able to be 
pointed about 10 to 15 degrees below the 
horizon. Because the Earth is larger than the 
array's beamwidth, Earth noise is independ- 
ent of array gain and is a measurement of the 
unwanted array noise pickup, along with 
phasing-line losses and receive system noise 
temperature. You measure Earth noise using 
a technique similar to those for other noise 
sources. Once again, establish a cold sky ref- 
erence level. Than lower the array elevation 
until you observe a noise peak (typically 12 
degrees below the horizon). 

A comparison of these noise sources can 
help you diagnose array problems. For ex- 
ample, if Sun, star, and Earth noise are all 
low, your problem is most likely a poor (or 
overloaded) preamplifier, bad T/R relay, or 
lossy phasing lines. It could also be due to 
poor Yagi design, if you're using one of the 
older designs not included in Table 1. Good 
Earth noise, but low Sun and star noise read- 
ings, indicate an array gain problem. It 
could be due to an out-of-phase Yagi, array 
misalignment, or phasing lines of unequal 
electrical length. 

EME operation 
The real excitement begins when your ar- 

ray is completed and the electronics are con- 
nected. EME operation on 432-MHz is high- 

est on the one weekend per month designat- 
ed as the activity weekend. This is the time 
when the Moon's position during its 28-day 
cycle is most favorable to making EME 
QSOs. Favorable conditions are a tradeoff 
of several factors: the Moon's declination, 
distance from the earth, offset from the Sun, 
and sky temperature (that is, background 
noise level). The weekends are usually sched- 
uled several months in advance, so you have 
plenty of notice. You can find out about 
these optimum operating times by checking 
into the 432-MHz and above EME net held 
on 14.345 MHz at 10662 Saturdays and Sun- 
days. Active EME operators obtain operat- 
ing and schedule information by reading the 
"432-MHz and Above Newsletter" pub- 
lished by K2UYH.I0 Those with a more cas- 
ual interest in EME news can read reprints 
from the "432-MHz and Above Newsletter" 
and other EME news by subscribing to the 
"EME Newsletter'' published by KOIFL.* 

On activity weekends, there's plenty of 
operation between 432.000 to 432.025 MHz. 
Stations generally transmit and listen in 
2.5-minute sequences to avoid confusion 
about when a station has finished transmit- 
ting. More specific information on how to 
operate can be found in The ARRL Hand- 
book.' Many stations often operate without 
any particular sequencing when signals are 
strong enough. Just as they do on the HF 
bands, a station will simply find a clear fre- 
quency, call a CQ, and see who answers. For 
myself, the ultimate thrill of all amateur ac- 
tivity is to pound out a CQ and have a new 
and distant EME station answer. 

During the activity weekends, there are 
scheduled QSOs on 5-kHz frequency incre- 
ments starting at 432.025 MHz (432.025, 
432.030,432.035, and so on). Scheduled op- 
eration is normally held to line up stations 
that haven't been able to catch each other 
randomly and to help facilitate QSOs with 
new stations or between weaker stations. Be- 
cause the Moon is up as many as 14 hours on 
a high-declination day, it helps to know the 
best times to operate if you only plan to put 
in an hour or two that day. The greatest 
number of 432-MHz EME stations are in 
Europe; the next highest number are in the 
United States. Consequently, peak activity 
times occur when the Moon is up over both 
Europe and the United States. If you are a 
North American station and have any op- 
tions as to where you locate your array, try 
to get a good shot to the northeast so you 

-- - - - 

*"EME Newsletter." John M. Carter. KOIFL, P.O. Box 554. Union, Mis- 
sour1 63084. Stations not currently active should also obtain subscriptions 
to K2UYH's through KOIFL in order to assure that active operators obtain 
schedule and activity information from K2UYH in a timely manner. 
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can operate as close to moonrise as possible 
during high-declination day. The Moon's 
movement through the sky (rising in the east 
and setting in the west) is actually very simi- 
lar to the Sun's perceived movement. The 
Moon simply moves through its primary cy- 
cle (maximum to minimun declination and 
distance) in 28 days, instead of the 
365.25-day Earth-Sun orbit. 

You'll often find EME activity outside the 
designated weekends-especially when the 
Moon is up in the evening. The only times 
you're really unlikely to find someone on the 
air are those when the Moon is at extreme 
southern declinations (low in the sky) and 
behind the galactic core (highest sky noise). 
The peak activity each year occurs during the 
ARRL International EME Competition held 
on one weekend during October and a sec- 
ond during November. Last year more than 
one station managed close to 150 QSOs with 
different 432-MHz stations during the contest. 

Conclusion 
Assembling a 432-MHz EME station is 

certainly more complex than getting on 75 

PRODUCT INFORMATION 

H P  Introduces PC-Card Version of the H P  
4957A Protocol Analyzer 

Hewlett-Packard Company has expanded 
its family of wide-area-network (WAN) 
field-service protocol analyzers to include a 
personal computer (PC) card version of the 
HP4957A protocol analyzer. The HP4957PC 
fits into a number of portable and desktop 
PCs including the H P  Vectra PC and other 
IBM-compatible PCs. 

Like other H P  WAN-testing solutions, the 
new protocol analyzer is designed to help 
network-service organizations of major 
computer manufacturers, communications- 
equipment manufacturers, and network ser- 
vice providers isolate network problems 
quickly. The HP4957PC has a 3/4-Mbyte 
capture random-access memory (RAM) and 
an optional 256-Kbps fast-capture mode to 
support high-speed links. In addition to per- 
forming all of the test functions of a full- 
sized protocol analyzer, the PC-card solu- 
tion performs PC functions like terminal For more information on the HP4957PC 
emulation and report generation. It also pro- contact Hewlett-Packard Company Inquir- 
vides solutions for ISDN --A frame- ies, 193 10 Pruneridge Avenue, Cupertino, 
relay protocols. California 95014. 
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meters with a dipole. However, your EME 
station can be just an assembly of commer- 
cial or surplus equipment. No design work is 
required, and you needn't build anything 
from scratch. If you isolate each of the 
complexities which EME operation adds to 
you~system requirements, view them as 
separate steps, and handle them one at a 
time, you'll find that EME suddenly isn't all 
that intimidating.. 
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Brian Beezley, K6STl 
507-1 / 2  Taylor Street 

Vista, California 92084 

THE TRIANGLE 
ANTENNA 
An alternative horizontal 
omnidirectional antenna 

A lthough they offer less gain than 
directional antennas, antennas 
which radiate equally in all com- 

pass directions have many applications. It's 
easy to get omnidirectional coverage from an 
antenna system if you're willing to  accept 
vertical polarization. However, you may 
need horizontal polarization for communi- 
cations compatibility; when you're doing 
weak-signal VHF/UHF work, for instance. 
And for ionospheric propagation, signifi- 
cant signal enhancement is often possible 
with horizontal polarization. 

I'd like to present an alternative config- 
uration for a horizontal omni. Comparison 
is made with conventional omnis. 

Antenna modeling 
I modeled all the antennas on an IBM PC 

compatible computer using software based 
on the MININEC algorithm.. This antenna- 
analysis method was developed at the United 
States Naval Ocean Systems Center in the 
1980s. Antenna geometry is defined by the 
user. You specify the antenna conductor 
dimensions, their orientation in space, feed- 
point location, operating frequency, and 
other information. Ground conductivity and 
dielectric constant may be specified as well. 

MININEC applies the fundamental equa- 
tions of electromagnetism to the antenna 
system and solves for the current along each 
conductor. The input impedance, forward 
gain, front-to-back ratio, conductor losses, 
SWR, and radiation patterns are calculated 
using the currents. Patterns are displayed on 
the computer screen, and you have the op- 
tion of printing a hard copy for later 
reference. 

Using a computer to  compare antenna 
designs offers many advantages over per- 
forming field experiments with real anten- 
nas. First, it's possible to investigate a great 
many trial designs on the computer in the 
time it would take to  construct and evaluate 
just one physical model. Computer exper- 
iments may be performed under ideal, free- 
space conditions without measurement inac- 
curacies caused by ground terrain or  nearby 
objects. You may observe small but signifi- 
cant differences in antenna performance, 
which might be easily lost in experimental 
measurement errors. Periodic recalibration 
of the antenna range and test equipment 
isn't necessary. Finally, and perhaps best of 
all, you can accurately and easily determine 
absolute antenna gain. 

Conventional horizontal omnis 
Amateurs use several types of horizontal 

omni antennas. Here are some of the most 
popular designs. 
*The Turnstile 

The Turnstile is shown in Figure 1. This 
antenna consists of two perpendicular 
dipoles with equal currents and 90-degree 
phase shift. When the dipoles are placed in 
the horizontal plane, the azimuth radiation 
pattern is substantially omnidirectional. 
Figure 2 shows the azimuth pattern using 
rectangular coordinates. For the antennas 
considered here, pattern detail is much easier 

'MN 4.0 Antenna-Analysis Software was used t o  analyze all antennas. 
This software ~ncludes corrections for the following problems in the origi- 
nal MlNlNEC algorithm: frequency-offset errors. errors for large-diam- 
eter wires, bent-wire anomahes, and errors from dissimilar segment lengths. 
The NEC-2 Numerical Electromagnetics Code was used to verify results 
for Triangle antennas. 
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TURNSTILE OMNl ANTENNA 
FREE SPACE 
144.200MHz 

Figure 1. Turnstile antenna. The half-wave dipoles are 
fed at their centers with a phase shift of 90 degrees. 

to see when rectangular coordinates are used 
instead of polar coordinates. 

On average, the Turnstile is 3.6 dB down 
from a single dipole in free space ( - 3.6 
dBd). The pattern also has about 1 dB of rip- 
ple in the azimuth plane. This is good 
enough for most omni applications. 

The Turnstile requires a feed system with 
90-degree phase shift. The phase shift can be 
achieved by feeding one of the dipoles direct- 
ly and feeding the other dipole through a 
phasing line. The most straightforward feed 
system uses a phasing-line impedance equal 
to the dipole input impedance and a quarter- 
wave electrical phasing-line length. The cor- 
rect phasing-line impedance is a function of 
the diameter and length of the dipole ele- 
ment. The parallel impedance combination 
of the phasing line and remaining dipole is 
then matched to the transmission line. This 
can be accomplished with a second quarter- 
wave transformer section. The impedance of 
this line won't be the same as that of the first 
phasing line. The design complexity of the 

feed arrangement is one of the drawbacks of 
the Turnstile. On the other hand, the turn- 
stile still gives reasonable omnidirectional 
coverage with a less than perfect feed 
system. 
*The Half-Wave Loop 

The Half-Wave Loop is simply a dipole 
bent into a square (ends close but not 
touching). On average, the gain of this 
antenna is - 2.7 dBd in the horizontal plane. 
The Half-Wave Loop has an average gain of 
0.9 dB over the Turnstile. However, the om- 
nidirectional characteristics aren't nearly as 
uniform. The Half-Wave Loop shows a 
3.5-dB variation in azimuth response. This 
amount of pattern ripple may be too large 
for many applications. The Half-Wave Loop 
has an input impedance of about 10 ohms. 
*The Halo 

The Halo antenna is similar to a Half- 
Wave Loop, except that the dipole is bent in- 
to a circle rather than a square. Halos often 
use capacitive loading between the open ends 
of the circular dipole. For reference, I 
modeled an unloaded Halo on my computer 
using a 40-sided polygon. Its performance 
was somewhat better than that of the Half- 
Wave Loop. The unloaded Halo showed 3.1 
dB of pattern ripple in azimuth and an 
average gain of - 2.5 dBd. 
*The Squalo 

When a capacitively loaded Halo is bent 
into a square, the antenna is called a Squalo 
(Figure 3). Capacitive loading reduces the 
resonant size of a loop and improves perfor- 
mance. For a Squalo with 8-inch sides at 144 
MHz (39 percent area reduction), pattern 
ripple drops to 2.1 dB and average gain rises 
to - 2.0 dBd (Figure 4). However, the input 
impedance drops to less than 4 ohms. This 
reduces SWR bandwidth. The Squalo can be 
gamma matched. It also may be excited with 
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Figure 2. Turnstile azimuth pattern. 
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SOUALO- 18-INCH SIDES 
FREE SPACE 
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Figure 3. Squalo Antenna. The antenna is fed at the cen- 
ter of one side. Capacitive loading is placed at the center 
of the opposite side. 

a small, auxiliary loop inductively coupled to  
the main loop. 

The Squalo is very compact when com- 
pared with a Turnstile. It's often used as a 
mobile antenna for 2-meter SSB work. 
*The Small Loop 

When a capacitively loaded loop is greatly 
reduced in size, a Small Loop antenna is 
formed. You can distinguish Small Loops 
from larger loops by their uniform conduc- 
tor current. The Small Loop has a very 
uniform azimuth pattern when the plane of  
the loop is horizontal. Multi-turn, vertically 
polarized Small Loops have been used as 
medium-frequency receiving antennas since 
the earliest days of radio. 

Small Loops have one great disadvantage. 
The input impedance is extremely low (well 
under an ohm for most designs). This results 
in low efficiency and very narrow band- 
width. Special low-loss construction tech- 
niques must be used for transmitting ap- 
plications. The gain of a typical Small Loop 

designed for transmitting is usually several 
dB below that of a dipole. 

I won't go into any more detail on the 
Small Loop because its losses depend 
critically on the specific construction tech- 
niques used. 
*The Two-Dipole Vee 

A simple omnidirectional radiator may be 
formed from a pair of half-wave dipoles ar- 
ranged in a right-angle vee (Figure 5). A 
balanced feed is used at the high-impedance 
point where the dipoles join. The pattern of 
this antenna isn't symmetrical (Figure 6). I t  
has a unidirectional peak along the line 
bisecting the vee, in the direction away from 
the feedpoint. The average response of this 
antenna is about - 3.0 dBd and the azimuth 
ripple is about 3.1 dB. 
*The Eggbeater 

The Eggbeater (Figure 7) is similar to a 
Turnstile, except that full-wave loops are 
used instead of dipoles. The Eggbeater's 
name comes from its appearance when cir- 
cular loops are used. I modeled square loops 
here for convenience. The Eggbeater outper- 
forms the Turnstile, showing only 0.5 dB 
ripple in azimuth and an average gain of 
- 2.1 dBd. This antenna is quite compact. 
Its pattern is shown in Figure 8. 

The input impedance of one loop of an 
Eggbeater is about 120 ohms. This antenna 
can be fed in the same way as a Turnstile, 
though the required phasing-line impedances 
are different. 
*The Big Wheel 

The layout of the Big Wheel is shown in 
Figure 9. This design evolved from three 
dipoles spaced 120 degrees and fed in phase. ' 
No curves were involved, so I modeled the 
three-dipole system on my computer (Figure 
10). The response of the curved antenna 
structure should be similar because the high- 

I SOUALO - 8" SIDES I 

OdB =-0.92 d6d AZIMUTH (DEGREES) 144.200 MHz 
FREE SPACE 

G r e  4. ~ q u a l G i m u t h  pattern. 
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TWO-DIPOLE VEE OMNl 
FREE SPACE 
144 200 MHz 

wouldn't have any reason to suspect that this 
particular shape might produce an omni- 
directional radiation pattern. 

The Triangle antenna measures 0.16 wave- 
Iength across the base and 0.20 to 0.22 
wavelength from base to  apex. At the apex, 
the conductors are separated by a 0.01-wave- 
length gap. For 0.003-wavelength diameter 
conductors, use a height of 0.20 wavelength. 
When using thinner conductors, like wire at 
HF, increase the height slightly. For exam- 
ple, a height of 0.214 wavelength is just right 
for no. 12 wire at 7 MHz. The dimensions of 
a Triangle aren't particularly critical. 

The Triangle is fed at the center of the 
Figure 5. Two-Dipole Vee antenna. The antenna is fed base, where the free-space hut impedance 
at the high-impedance junction of the two half-wave IS 8 to 9 ohms in series with an inductive 
dipoles. reactance of several hundred ohms. The im- 

current portions of the two antennas coincide. 
At - 1.1 dBd, the Big Wheel shows the 

highest gain of any of the designs surveyed. 
It has 0.6 dB pattern ripple in azimuth (Fig- 
ure 11). This antenna is the largest of the 
group. Although three feeders are required, 
the elements are simply fed in phase. Folded 
dipoles fed with 300-ohm twin-lead can be 
used, with the feeders connected together to 
form a balanced 100-ohm feedpoint. A 1: 1 
balun and a quarter-wave matching trans- 
former of 75-ohm coax will yield a 50-ohm 
unbalanced feedpoint. Big Wheels made of 
curved conductors use a single compound 
feedpoint. 

The Triangle antenna 
The Triangle antenna resulted when I tried 

to  determine if a horizontal omni could have 
fewer sides than a Squalo. Looking at the Figure 7. Eggbeater antenna. The full-wave loops are 
layout of the antenna in Figure 12, you fed with a 90-degree phase shift. 
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FREE SPACE 
144.200 MHz 

TWO-DIPOLE VEE OMNl 
d B  

- 0 . 5  

-1 .0  

-1 .5  

- 2.0 

- 2 . 5  

- 3 0  

-3.5 
-180 -140 -100 -60  -20  20 60  100 140 180 

Ode=-O.88dBd AZIMUTH (DEGREES) 144.200 MHz 
FREE SPACE 

Figure 6. Two-Dipole Vee azimuth pattern. The patter0.i~ symmetrical only 
about the line bisecting the vee. 
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Figure 8. Eggbeater azimuth pattern. 

it's necessarily inefficient. It simply means 
that the matching network between antenna 
and feedline must compensate for reactance 
as well as transform impedance. 

The Triangle antenna may be matched to 
50-ohm coax by an L-network (Figure 14). 
Due to the inductive reactance at the feed- 
point, matching-network inductance isn't re- 
quired. Two series capacitors are used rather 
than one to help maintain physical symme- 
try, though this probably isn't necessary at 
HF. At VHF, the capacitors may be con- 
structed from small ~luminum plates. When . - .  . . . . m .  . . . . I  tne I riannle is maae using rlat marerial. rne 

Figure 9. Big Wheel. parallel capacitor can be Formed by overlap- 
ping the conductors at the feedpoint. A thin 
piece of TeflonB or other dielectric material 

pedance varies with conductor diameter and may be used for mechanical stability. The 
apex height. The large ratio of reactance to series capacitors can be fabricated in the 
resistance suggests that simple matching net- 
works will be effective only over a narrow 
bandwidth. 

The following dimensions at 144.2 MHz 
produced the most uniform azimuth pattern 
in my computer model for a conductor di- 
ameter of 0.25 inch: base, 13 inches; base-to- 
apex, 16.25 inches; apex gap, 1 inch. The 
calculated input reactance is approximately 
180 ohms. At 7.1 MHz, the following free- 
space dimensions produced uniform azimuth 
response using no. 12 wire: base, 22.2 feet; 
base-to-apex, 29.6 feet; gap, 17 inches. The 
input reactance is about 390 ohms. 

The azimuth response of the Triangle an- 
tenna is shown in Figure 13. Surprisingly, 
the pattern is, in essence, perfectly omnidi- 
rectional. I quit tweaking the dimensions 
when the azimuth ripple dropped below 0.1 
dB. The Triangle has a gain of about - 1.4 
dBd. Figure 10. Three-dipole model of the Big Wheel 

The Triangle antenna is nonresonant. This antenna. The half-wave dipoles are fed in phase at 
doesn't mean that it won't radiate, or that their centers. 

A 

<K/ 
BIG WHEEL- 3 DIPOLE MODEL 
FREE SPACE 
144.200 MHz 
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Figure 11. Big Wheel azimuth pattern (thrt 

TRIANGLE OMNl 
FREE SPACE 
144.200 MHz 

Figure 12. Triangle antenna. 'Che antenna is fed at the 
center of the triangle base. 

same way to form a three-capacitor sand- 
wich at the feedpoint. Use a balun to main- 
tain current symmetry in the antenna con- 
ductors and to prevent feedline radiation. 
The current distribution of the Triangle is 
shown in Figure 15. 

The Triangle's main disadvantage is its 
narrow SWR bandwidth. A Triangle de- 
signed for 144 MHz has a SWR of less than 2 
over a 1.3-MHz band (the excellent omni- 
directional pattern characteristics hold over 
a much wider bandwidth). A ?'-MHz Trian- 
gle built of wire has a SWR of less than 2 
over a 40-kHz bandwidth. Except for the 
WARC bands, an antenna tuner is needed to 
cover an entire HF amateur band, unless a 
complex reactance-compensating matching 
network is used. 

The Larger Triangle 
Another form of the Triangle omni is 

shown in Figure 16. The base of this antenna 
is more than twice as long as that of the 

!e-dipole model). 

smaller Triangle, although the base-to-apex 
height is a little less. Calculated 144.2-MHz 
dimensions for 0.1 dB azimuth ripple using 
0.25-inch diameter conductors are: base, 28 
inches; base-to-apex, 13 inches; apex gap, 1 
inch. At - 1.3 dBd, the gain of the larger 
Triangle is about the same as that of the 
smaller Triangle. 

The interesting thing about the larger 
Triangle is its input impedance. For the 
144.2-MHz dimensions, the impedance is 
just above 50 ohms with a series reactance of 
around 600 ohms. This means that a simple 
series capacitor and a balun are all you need 
to feed the larger Triangle with 50-ohm 
coax. In addition, the larger Triangle has a 
wider SWR bandwidth. At 144 MHz, the 
SWR is less than 2 over a 2.2-MHz band. 
This bandwidth is about 70 percent greater 
than that of the smaller Triangle. The cur- 
rent distribution of the larger Triangle is 
shown in Figure 17. 

At 7 MHz, a larger Triangle made of no. 
12 wire has conductivity Iosses about half 
those of the smaller Triangle (more on this 
later). The input impedance is near 60 ohms 
with a series inductive reactance of about 
1300 ohms. The bandwidth is about 75 kHz 
for a SWR less than 2. 

The larger Triangle offers performance 
advantages in applications where its size isn't 
a drawback. 

Antenna Comparisons 
Table 1 compares essential characteristics 

of the various antennas. 
The Turnstile and Squalo are the most 

commonly used horizontal omni antennas. 
However, the less well-known antennas offer 
improved performance in many applications. 

The Eggbeater has more gain than the 
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Turnstile, better omnidirectional perfor- 
mance than the Squalo, small size, and wide 
bandwidth. Like the Turnstile, it requires a 
phased feed system. 

The Big Wheel offers the highest gain of 
any of the antennas surveyed, very good om- 
nidirectional performance, and wide band- 
width. While the feed system is somewhat 
elaborate, the antenna's omnidirectional 
performance doesn't depend on a good im- 
pedance match because all dipoles operate in 
phase. The large dimensions of the Big 
Wheel and its physical complexity are its 
main drawbacks. 

T h e  Trianole antenna hac nerfert nmnirli. 

1 : 1  BALUN 

50-OHM COAX 

Polarization and 

rectional performance, unmatched by any of 
the other antennas surveyed. The smaller Figure 14. L-network feed for Triangle antenna. Ap- 
version is the second smallest in size, and proximate component values for 144 MHz are shown. 
comes very close to the highest gain. It has 

ionospheric propagation 

0.6-dB gain over the average response of a 
Squalo, 2.2-dB gain over a Turnstile, and is 
only 0.3 dB down from the Big Wheel. The 
main drawback of the Triangle antenna is its 
narrow SWR bandwidth. The larger Trian- 
gle has a somewhat wider SWR bandwidth. 

The magnitude and phase of electromag- 
netic waves reflected off ground vary with 
wave polarization. This effects the relative 
performance of horizontal and vertical an- 
tennas because direct and reflected waves 
combine to  form the propagated wave. 

For ionospheric propagation over random 
paths, matching of transmit and receive an- 
tenna polarization isn't necessary. Wave Figure 15. Triangle antenna current distribution. The 
polarization changes upon reflection from dots along the antenna conductors indicate the wire seg- 
the ionosphere, with returning waves ex- mentation used in the computer model. Only current 
hibiting varying polarization2. Because magnitude is shown. 

- 

TRIANGLE - CURRENT DISTRIBUTION 
FREE SPACE 
144.200 MHz 
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LARGER TRIANGLE - CURRENT DlSTRl8UTlON 
FREE SPACE 
144 200  MHz 

Figure 16. Larger Triangle antenna. The antenna is fed Figure 17. Larger Triangle antenna current distribution 
at the center of the triangle base. (magnitude only). 

single vertical radiators are inherently om- 
nidirectional, it might seem that a simple 
groundplane or vertical dipole would be the 
perfect antenna for omriidirectional iono- 
spheric coverage. 

However, over most kinds of earth, ver- 
tical antennas incur ground-reflection losses 
of several dB when compared with similar 
antennas oriented horizontally.* (This 
doesn't hold true for low antenna heights or 
for reflection off seawater.) For example, a 
40-meter dipole at 60 feet has about 6.5-dB 
gain over a ground-mounted, quarter-wave 
vertical at a take-off angle of 32 degrees, 
assuming average earth conductivity and 
dielectric constant. Even at a radiation angle 
of 10 degrees, the dipole has 2.4-dB gain 
over the vertical. These are large differences. 

This comparison assumes no ground-current 
losses for the vertical, a condition that isn't 
easy to achieve in practice. 

The theoretical low-angle radiation advan- 
tages of vertical antennas over perfect 
ground really don't materialize for most 
types of real earth. Because their ground- 
reflection characteristics are so much more 
favorable, horizontal antennas generally 
produce better signals than similar antennas 
oriented vertically, unless radiation is 
directed over seawater or the horizontal 
antenna must be located at a low height (in 
terms of wavelength). 

Conductivity losses 
Antenna gains quoted so far are for 

TWO TRIANGLES 90' FREE SPACE 
STACKED 63" APART ELEVATION 

0 dB = 2 .30dBd - 90' 144.200 MHz 

Figure 18. Free-space elevation pattern of a pair of Triangle antennas studied in the H-plane. 



Antenna Gain Ripple SWR Bandwidth Compared 
( d m )  (dB) With a Dipole 

Turnstile - 3.6 1 .O Similar 
Two-Dipole Vee - 3.0 3.1 Similar 
Half-Wave Loop - 2.7 3.5 Much less 
Unloaded Halo - 2.5 3.1 Much less 
Eggbeater - 2.1 0.5 Less 
Loaded Squalo - 2.0 2.1 Much less 
Triangle - 1.4 0.1 Much less 
Larger Triangle - 1.3 0. I Much less 
Big Wheel - 1.1 0.6 Similar 
(three-dipole model) 

Table 1. Antenna comparisons. 

STACKED TRIANGLES 90' CENTER AT 3 0 '  

180. 0.  
-40-30 -20 -10 dB 

ELEVATION 

0 6 8  = 7.24 d8d 50.100 MHz 

Figure 19. Elevation pattern of stacked Triangle antennas mounted 30 feet above average 
ground. 

lossless conductors. Low-impedance designs 
incur additional losses due to conductor 
resistivity and skin-effect. These losses are a 
function of conductor material, conductor 
diameter, current distribution, proximity to 
ground, and frequency. 

For example, a free-space Triangle anten- 
na for 7.1 MHz has a calculated gain of 
- 1.36 dBd using lossless conductors. For 
no. 12 copper wire, the gain drops to - 2.25 
dBd and the efficiency is about 82 percent. A 
larger Triangle of lossless wire has a cal- 
culated gain of - 1.22 dB. The gain drops to 
- 1.67 dBd for no. 12 copper wire and the 
efficiency is about 90 percent. 

For a 144-MHz Triangle with 0.25-inch di- 
ameter conductors of 6061 -T6 aluminum al- 
loy, the conductor loss is 0.12 dB and the ef- 
ficiency is greater than 97 percent. 

Applications 
.VHF mobile 

For horizontally polarized VHF SSB mo- 
bile work, the Squalo has been the preferred 
amateur antenna. Some amateurs use a 
stacked pair. The Squalo is the most com- 
pact of the antennas surveyed. Although the 

Eggbeater is somewhat larger, it still pro- 
trudes less than 10 inches from the support 
mast at 144 MHz. The Eggbeater has about 
the same gain as a Squalo, but a more 
uniform azimuth pattern. It really makes a 
nice mobile antenna if you don't mind its 
appearance. 

The Triangle is even smaller than the Egg- 
beater. It's planar, has 0.7 dB more gain, 
and has better omnidirectional performance. 
The narrow bandwidth of the Triangle isn't 
a problem in this application. The Triangle 
does have pointed corners, unlike a circular- 
loop Eggbeater. This may be important 
when the antenna can't be mounted above 
face level on a vehicle. However, it should be 
possible to bend the corners of the Triangle 
into smooth curves with little loss of 
performance. 
.Six-meter beacon 

Hundreds of unattended, low-power, 
automatic beacon transmitters are active 
worldwide in the 50-MHz amateur band. 
The beacons allow amateurs to detect and 
track the irregular and unpredictable 
ionospheric band openings that occur in this 
frequency range. 

For beacon use, a vertical groundplane or 
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90. BASE AT 30 '  

ELEVATION 

0 dB = 7.24 dBd 50.100 MHz 

Figure 20. Elevation pattern of a groundplane antenna mounted 30 feet above average 
ground. This pattern uses the same scale as Figure 15d so relative gains may be compared 
easily. 

vertical dipole is a great low-angle radiator 
at locations where reflection can take place 
off seawater. Turnstiles also are commonly 
used for beacon antennas. However, unlike 
a groundplane, a Turnstile radiates much of 
its power overhead. Because of this, a 
groundplane outperforms a Turnstile by 1 to 
2 dB at take-off angles of less than 5 de- 
grees-even over lossy earth. But a Triangle 
antenna has 2.2 dB gain over a Turnstile, 
better omnidirectional performance, and is 
more compact. Its narrow VSWR bandwidth 
isn't a drawback in this application. For ad- 
ditional gain, a pair of Triangles can be 
stacked in the vertical plane. 

A stacked pair of Triangles has 3.7-dB 
gain over a single Triangle and 2.3-dB gain 
over a dipole. For maximum gain, a pair of 
Triangle antennas should be stacked 0.77 

I STACKED TRIANGLES I 

1 0 9 8 7 6 5 4 3 2 1 0  
OdB=7.24dBd ELEVATION (DEGREES) 50.100 MHz 

CENTER AT 30' I 
Figure 21. Low-angle details of the elevation pattern of the stacked Trian- 
gles of Figure 19. 

wavelength apart. This distance isn't critical. 
The stacking gain is within 0.1 dB of max- 
imum for stacking distances between 0.70 
and 0.84 wavelength. Figure 18 shows the 
elevation pattern for a pair of stacked 
Triangles in free space. Note the compres- 
sion of the pattern on the horizon. 

Figures 19 and 20 compare the elevation 
patterns of a groundplane and a stacked pair 
of Triangles at 50.1 MHz. The plots are nor- 
malized to the same absolute gain scale so 
that gain differences are apparent. The 
center of each antenna is 30 feet above 
ground. The stacked Triangles have 3 to 4 
dB gain over the groundplane at useful wave 
angles (below 5 degrees). Low-angle details 
of the patterns are shown in rectangular 
coordinates in Figures 21 and 22. Average 
earth characteristics were used for these 
models (conductivitv. 5 millisiemens per - .  
meter; dielectric constant, 13). 
*VHF beacon 

Four Triangle antennas may be stacked 
with 0.77 wavelength between adjacent 
antennas to provide 5.6 dBd gain. This 
antenna system is about 16 feet tall at 2 
meters. Figure 23 shows the free-space eleva- 
tion pattern for four stacked Triangles. the 
compression of the lobe on the horizon is 
very pronounced. 

A stack of four Triangles would make a 
nice antenna for a 2-meter tropospheric 
beacon. This system also could be used as a 
high-gain, omnidirectional antenna for a 
horizontally polarized, packet-radio net- 
work. Orthogonal polarization might be 
used to accommodate additional packet- 
radio traffic in congested metropolitan areas 
by creating new virtual channels on (or sand- 
wiched in between) frequencies with existing 
vertically polarized activity. 
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*ATV repeater 
The polarization used for amateur televi- 

sion varies across the United States. For hor- 
izontal polarization at 432 MHz and above, 
four or more stacked Big Wheels could be 
used for an ATV repeater antenna. The 
bandwidth of the Triangle antenna (even the 
larger version) is probably too narrow for 
this application. Wide antenna bandwidth is 
necessary for good ATV picture fidelity. The 
size of the Big Wheel isn't a drawback in this 
frequency range. If you choose the three-di- 
pole version, you may use a single piece of 
rod for each folded-dipole element and asso- 
ciated feedline to simplify construction. 
.HF 

A Triangle antenna is usable at HF, if you 
can live with restricted SWR bandwidth or 
are willing to retune an antenna tuner. When 
the antenna is made of wire, three supports 
are required and there will be some conduc- 
tor loss. On the plus side, the Triangle has 
much more uniform coverage than a dipole 
or inverted vee. The antenna can be used on 
more than one band, although perfect omni- 
directional performance will exist only at the 
design frequency. Even so, at twice the de- 
sign frequency the Triangle has just 4.3-dB 
ripple in azimuth. This still provides much 
more uniform coverage than a dipole, in- 
verted vee, GSRV, or random wire. The Tri- 
angle shouldn't be used much below its de- 
sign frequency. At half-frequency the input 
impedance falls to 1 ohm, a value much too 
low to be practical with wire conductors. 

A Triangle for 10 or 12 meters can be 
made of aluminum tubing and mounted on a 
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E'iguro 22. Low-angle details of the elevation pattern of the groundplane 
of  Figure 20. Same scale as in Figure 21. 

single mast. This solves both the three- 
support and conductor-loss problems. A 
Triangle can easily cover all of 12 meters. 

At HF, the lower losses and wider SWR 
bandwidth of the larger Triangle may offset 
the inconvenience of its larger size. At half- 
frequency, the larger Triangle has an input 
impedance of about 7 ohms in series with a 
capacitive reactance of about 350 ohms. It 
has half-frequency losses of 0.6 dB for no. 
12 wire and a dipole-like pattern with 12 dB 
of azimuth ripple. While not omnidirec- 
tional, the antenna will be reasonably effi- 
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cient at half-frequency when matched with 
an antenna tuner. 

A Half-Wave Loop has wider bandwidth 
than a Triangle and is easier to feed. 
Although it has 1.3 dB less gain, you give up 
some of the Triangle's gain advantage when 
wire conductors are used. Wire losses for a 
Half-Wave Loop are about half those for a 
smaller Triangle and are comparable to 
those for a larger Triangle. The Half-Wave 
Loop's 3.5 dB of azimuth ripple isn't bad 
when compared with typical HF antennas. 

A Two-Dipole Vee is much less compact 
than a Half-Wave Loop and has slightly less 
gain, but it has better pattern ripple and re- 
quires one less support. It may be used easily 
on other bands (where it will be directional), 
including at half-frequency. 

An auxiliary, horizontally polarized omni- 

directional antenna is useful in conjunction 
with a high-gain, directive array, such as a 
large Yagi. Weak signals are easy to miss 
when a narrow beam is pointed in another 
direction. If you switch to an omni period- 
ically while tuning around, you may be able 
to detect stations missed on the Yagi. The 
omni also can be used to quickly determine 
whether your beam is pointed in the right 
direction without having to rotate it. If you 
switch to the omni and the signal strength 
doesn't drop dramatically, the station is be- 
ing received on a sidelobe. 
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PRODUCT INFORMATION 
New DMM Accessories 

Fieldpiece Instruments has a new line of 
multimeter accessories. The accessories, 
which include a modular test-lead design, an 
AC current clamp, and a leather carrying 
case for the tool belt, are designed to fit all 
Fieldpiece meters, plus the Fluke 70 Series 
and the Beckman 220/150 series meters. 

The test-lead probe "handle" houses a 
standard female banana jack into which all 
Fieldpiece accessories (including replaceable 
probe tips) can be plugged. The probe tips 
come in two versions: short (1/2 inch), and 
insulated long (3 inch). Large and small al- 
ligator clips with 9-inch pigtails and sleeved 
banana plugs fit either directly into a meter 
or into the test-lead probe handle converting 
the test lead into a ground clip with a 4-foot 
lead. Two deluxe test leads can be connected 
to double the length of the lead. 

Kit model ADKlO includes a pair (red and 

black) of each of the following: 42-inch de- 
luxe test leads with female banana jack in the 
"handles" and right-angle sleeved banana 
plugs; small and large alligator clips with 
pigtails and sleeved banana; short (1/2 inch) 
and long (3 inch) insulated probe tips with 
integral sleeved banana plugs; and a plastic 
case. 

The model ACH current clamp head, used 
with a pair of deluxe test leads, lets you use 
professional grade meters with "Fluke" s'tyle 
jacks and ACV ranges to measure up to 300 
amps of AC current without breaking the 
circuit. The ACH plugs directly onto the 
Fieldpiece HS20 "Stick" series DMM. 

Fieldpiece's model ALCl full-grain leath- 
er case holds a meter and accessories. It has a 
leather loop on the back for a tool belt. Lea- 
ther loops riveted to the front of the case 
hold two extra probe tips (long or short) and 
the ACH current clamp head. The case will 
hold the HS20 "Stick" series meter (with or 
without the ACH current clamp head at- 
tached), the Fluke 70 series (without the 
boot), or the Beckman 220/150 (without the 
tilt stand) with test leads connected and 
wrapped the meter. The ALCl leather case is 
also available as a kit (without the multime- 
ter) containing deluxe test leads, three small 
probe tips, one long probe tip, and the ACH 
current clamp head (model ALCK8). 

For more information write to Fieldpiece 
Instruments, Inc. at 8322B Artesia Blvd., 
Buena Park, California 90621 or call 
(7 14)992-1239. 
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Carl Luetzelschwab, K9LA 
1227 Pion Road 

Ft. Wayne, Indiana 46845 

ANTENNA ANGLE 
OF RADIATION 
CONSIDERATIONS 
Part 2: Performance C o m ~ a r i s o n s  of 
quads  a n d  Yagis mounted at low heights 

I n the last issue of Communications 
Quarterly,' I discussed why antennas at 
the same height can have different an- 

gles of radiation. I then focused on a two- 
element quad and a two-element Yagi tuned 
to the same broadband-performance goal. 
These results showed that the quad has a 2.5- 
degree lower angle of radiation when both are 
mounted at low height (0.432 wave-length). 
The question I posed was whether the lower 
angle mattered in the real world. Here are my 
on-the-air comparisons of the two-element 
quad and the two-element Yagi at 30 feet on 
20 meters and 15 feet on 10 meters. 

Site considerations 
On the surface, an A-B comparison of two 

antennas is deceptively simple; you put them 
up and see which one gives stronger signals. 

Unfortunately, several key items need to be 
considered in order to achieve valid results. In 
addition to the obvious factors (equal length 
feed lines of equal loss, equal impedances so 
identical power is delivered to each antenna, 
a balun on each antenna to preserve the true 
radiation pattern, a calibrated S-meter, and 
so on), the site should be void of obstruc- 
tions, of flat terrain, and of similar composi- 
tion under both antennas. There's one other 
critical factor that came out of the 20-meter 
results. I will discuss it briefly. 

Twenty-meter antenna 
construction, site, and 
preliminaries 

The construction of the two antennas was 

very straightforward, as were the designs they 
were based on (see Part I). 

I used the TAPER program in K4VX's 
YAGINEC (see References 2 and 3) to deter- 
mine the actual Yagi element lengths for the 
tubing I had available. The feedpoint resis- 
tance of the Yagi was around 25 ohms, so 
the driven element was shortened and a hair- 
pin rnatch was used to get to 50 ohms. 

The quad was a square type fed at the bot- 
tom center. Its feedpoint impedance came 
out to about 100 + j 10 ohms, so I used a 
quarter-wave of RG-59 coaxial cable to get 
to 50 ohms. 

Both antennas used an eight-turn choke 
balun and were fed with equal lengths of 
RG-8 coax. 

Figure 1 gives a top view of the antennas. 
The antennas are shown pointed toward 
Australia. Note that the house sits between 
the two towers and that the Yagi is looking 
"through" the quad. 

Before making signal comparisons, I cali- 
brated the S-meter of my TS-180 so signal 
differences could be measured accurately. 
The calibration indicated that an S-unit was 
generally 6 dB, except for weak signals when 
an S-unit was more on the order of 3 dB 
(which was typical of several receivers I 
measured). This is g o ~ d  information to 
know when making antenna comparisons. 

If the signals from the two antennas were 
so weak that they didn't move the S-meter 
needle, I made an aural judgement. Most 
people can discern a difference in signal 
strength beginning at about 3 dB. I'll admit 
that this isn't very scientific, but I believe it's 
adequate for my purposes. Remember I'm 

Communications Quarterly 61 



NORTH kp.64'--* 
t 2 E L  QUAD ON 2 E L  YAGl ON 

3 0 '  OF ROHN 25  3 0 '  OF HEIGHTS 
TOWER TOWER 

VK 
ANGLE OF 
ARRIVAL 

HOUSE 

Figure 1. K9LA site, 20 meters (1 inch = 30 feet). 

trying to determine if the 2.5 degree lower 
angle of the quad results in fewer hops 
which, in most cases, should be at least sev- 
eral dB greater than my measurement un- 
certainty. Ten dB is one common value I've 
seen in other literature, but this depends on 
several factom4 

Twenty-meter results 
I evaluated the quad and Yagi on four 

paths: Europe short path (4000 miles to the 
northeast); Caribbean, YV, short path (3000 
miles to the southeast); Asia, JA/BV/HL, 
short path (7000 miles to the northwest); and 
Australia, VK, short path (9500 miles to the 
west). Emphasizing the longer distances, I 
evaluated a total of 147 stations during the 
1990 CQ World-Wide Phone DX Contest and 
for two weeks thereafter. I didn't have an op- 
portunity to evaluate any long path stations. 

After completing my on-the-air compari- 
sons, I did a brief analysis of the results. For 
the most part, the quad and Yagi ran neck- 
and-neck to the northwest (Asia) and to the 
southeast (Caribbean). The Yagi had a def- 
inite advantage of a couple dB to the north- 
east (Europe), while the quad had a definite 
advantage of a couple dB to the west 
(Australia).* These results were contradictory, 
and indicated either a site or antenna inter- 
action problem. Although the house lies be- 
tween the two antennas, and may be part of 
the problem, I felt that antenna interaction 
was the major contributor. 

Antenna interaction 
In 1967, Lew McCoy5, WlICP wrote an 

interesting article about some antenna stack- 

*It's relatively easy to measure small dB differences on local signals, but to 
do so with any degree of ccna~nty on long dlqtance s~gnals erp;rlenr~ng 
QSB 1s r drff~cult task, dl best Thrs 1s why I slate my rcsults as "a c o u ~ l r  
of dB" rather than giving a specific numerical amount. 
"These results, in which the gain of the antenna in back is degraded by the 
antenna in front, may be unique to the physical dimensions and spacings of 
the antennas that I modeled. 1 believe that the gain of an antenna could be 
enhanced by an antenna in front if the dimensions of front antenna and the 
spacing were appropriate. I also briefly looked at different terminations on 
the antenna not being fed. The variation with an open, shorr, or 50-ohm 
load was insignificant. 

ing experiments he had performed. His basic 
premise was that if antenna A's VSWR didn't 
change when antenna B was brought near, 
then there was no interaction between two 
antennas. In a later article6, he did some 
modeling on MN, and discovered significant 
interaction-even though VSWRs were un- 
affected. Based on these two articles, I 
modeled my two-element quad and two-ele- 
ment Yagi in various orientations: side-by- 
side (a line between the two antennas is per- 
pendicular to the direction in which they are 
pointed), the quad looking through the Yagi 
(both pointed in the same direction with the 
Yagi in front), and the Yagi looking through 
the quad (again, both pointed in the same di- 
rection, but with the quad in front). The re- 
sults of this exercise are shown in Figures 2A 
through 2C.** 

QUAD WITH YAGI OFF  TO THE SIDE 

rH - 

:H --.) 

d in wavelengths Quad gain at peak of main lobe 
1 .O 8.60 dBd 
1.5 8.29 dBd 
2.0 8.37 dBd 

no Yagi 8.36 dBd 

YAGI WITH QUAD OFF TO THE SIDE 

.H --.) 

iH + 

d in wavelengths Yagi gain at peak of main lobe 
1 .O 8.02 dBd 
1.5 7.97 dBd 
2.0 7.85 dBd 

no quad 7.90 dBd 

Figure 2A. Side-by-side interaction. 
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OWAD LOOKING T H R O U G H  YAGI 

H - 
+-.---I 

d in wavelengths Quad gain at peak of main lobe 
1 .O 6.17 dBd 
1.5 7.03 dBd 
2.0 7.47 dBd 

no Yagi 8.36 dBd 

Q U A D  W l T H  YAGI I N  BACK 

H- ti 
--C 

I---.-+ 
d in wavelengths Quad gain at peak of main lobe 

1 .O 8.49 dBd 
1.5 8.32 dBd 

no Yagi 8.36 dBd 

Figure 2B. Quad interaction. 

It's obvious from these results that there is 
significant interaction to the back antenna 
when it's looking through the front anten- 
na-even when the spacing is 2 wavelengths. 
I have only presented gain data. In reality, 
the entire pattern is changed (affecting gain, 
front-to-back (F/B) ratio, Be, Oh, and angle 
of radiation). The theoretical results at 1 
wavelength are in general agreement with the 
results I observed. There isn't much interac- 
tion when the antennas are side-by-side (even 
at close tip-to-tip spacing). There also isn't 
much interaction to the front antenna with 
the other antenna in back (presumably due 
to the F/B ratio of the front antenna). 

Based on these results and the fact that the 
Yagi was looking almost directly through the 
quad when pointed to Australia (Figure I), it 
was with great reluctance and disappoint- 
ment that I declared my 20-meter results to 
the west invalid. Even the results to the nor- 
theast, northwest, and southeast were 
suspect. Although neither antenna was look- 
ing directly through the other antenna in 
these directions, I felt it better to invalidate 
these results, too, rather than report ques- 
tionable data. 

YAGI LOOKING THROUGH Q U A D  

H- -----C 

kd--I 
d in wavelengths Yagi gain at peak of main lobe 

1 .O 6.09 dBd 
1.5 6.46 dBd 
2.0 6.91 dBd 

no quad 7.90 dBd 

YAGI W l T H  OUAD I N  BACK 

H- H - 
t-- .-----I 

d in wavelengths Yagi gain at peak of main lobe 
1 .O 7.82 d a d  
1.5 7.84 dBd 

no quad 7.90 dBd 

Figure 2C. Yagi interaction. 

It became obvious that I would achieve 
valid results only if I could evaluate direc- 
tions in which the two antennas were side- 
by-side and separated by at least 1.5 wave- 
lengths. Ten meters was the only band that 
allowed me to do this at my location. 

Ten-meter antenna 
construction, site, and 
preliminaries 

I scaled the 20-meter designs down to 10 
meters and reoptimized for the new length- 
to-diameter ratios. The construction and im- 
pedance matching of the 10-meter antennas 
was identical to the 20-meter versions. Equal 
length RG-8 feedlines fed each antenna, and 
each had an eight-turn choke balun. 

Both antennas were supported on three- 
legged 15-foot wooden tower frames that 
could be moved easily to maintain side-by- 
side orientation on the paths evaluated. 
Rope guys were used to stabilize the 
tower/antenna assemblies, as I began my 
evaluation during the spring thunderstorm 
season. Photo A shows the two tower/anten- 
na assemblies. 
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Photo A .  I en-meter quad and Yngi tower/antenna assemblies oriented toward Australia. 

Figure 3 shows the site from overhead; the 
tower assemblies are pointed toward the 
southeast (South America, short path and 
Japan, long path). 

Center-to-center tower separation was 1.5 
wavelengths (50 feet) on all paths. The paths 
evaluated were restricted to those that put the 
house either off the back or off the side of the 
two antennas, with the distance to the house 
at least 2 wavelengths. I checked the TS-180 
S-meter on 10 meters and obtained results 
similar to those obtained on 20 meters. 

With the tower/antenna assemblies point- 
ed southeast, I took a relative gain measure- 
ment on the two antennas with a local sta- 
tion 1.4 miles away. The results showed the 
quad to have about a 1 -dB advantage as 
measured with a 0.5-dB step attenuator. This 

indicated that the antennas were performing 
as expected, with no significant site or anten- 
na interaction problems. This tended to con- 
firm that my quad did have a 2.5-degree low- 
er angle than my Yagi (more on this later). 

Ten-meter results 
During the month of April 1991, the tow- 

er/antenna assemblies were pointed south- 
east to  evaluate the antennas on the 
4500-mile Brazilian (PY) short path. I 
monitored several Brazilian beacons: 
PT7BCN on 28.213 MHz, PT8AA on 28.218 
MHz, and PY2AMI on 28.225 MHz. I made 
my measurements when the band was just 
opening, when the band was open, and when 
the band was just closing. Of the 28 days I 

HOUSE k 2 15' EL WOODEN YAGl ON TOWER 

2 EL QUAD ON 

4 
15' WOODEN TOWER SOUTH AMERICA SHORT 

PATH AND JA LONG PATH 
ANGLE OF ARRIVAL 

Figure 3. K9LA site. 10 meters (1 inch = 30 feet). 
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was able to listen, I heard the beacons on 26 
days. As best as I could measure, the signal 
strengths from the quad and Yagi were iden- 
tical. At no time did the quad open the band 
earlier or close it later than the Yagi. 

During the month of May, the tower/ 
antenna assemblies were pointed to the east 
to evaluate the antennas on the 8500 mile 
South African short path. Once again, I 
monitored several beacons: ZS5VHF on 
28.202 MHz, Z21ANB on 28.250 MHz, and 
ZSlLA on 28.274 MHz. As before, the eval- 
uations were done when the band was just 
opening, when the band was open, and when 
the band was just closing. Of the 30 days I 
was able to listen, I heard the beacons on 25 
days. The signal strengths from the quad and 
Yagi were again identical when the band was 
opening, when it was open, and when it 
was closing. 

During the month of June 1991, the 
tower/antenna assemblies were pointed 
west to evaluate the antennas on the 9500- 
mile Australian short path. I monitored two 
beacons: VKSWI on 28.259 MHz and 
VK2RSY on 28.261 MHz. Of the 27 days I 
was able to listen, I heard the beacons on 20 
days. Again, the signal strengths from the 
quad and Yagi were identical throughout the 
listening periods. 

Finally, during the first half of July 1991, 
the tower/antenna assemblies were oriented 
back toward the southeast to evaluate the 
antennas on the 18,000-mile Japanese long 
path.* If the quad was going to show superi- 
ority over the Yagi due to its lower angle, 
this was the path it would do it on. I main- 
tained a daily schedule with JH3DPB. Of the 
16 days we ran the schedule, the long path 
was open 4 days (there were several solar 
flares during this period which adversely af- 
fected the path). My measurements indicated 
that the signal strengths from the quad and 
Yagi were identical. At no time did the quad 
open the long path earlier or close it later 
than the Yagi. 

Discussion of the concept of 
angle of radiation 

Before I draw any conclusions from the 
10-meter data, I'd like to discuss what I real- 
ly compared in the 10-meter evaluation (and 
what I would have compared in the 20-meter 
results, barring antenna interaction). Up 
until I began analyzing the 10-meter re- 
sults, I believed that I was evaluating 
whether the lower angle of radiation of the 
quad would result in less hops. As I thought 
about this, and looked at the mechanics of 
vertical patterns and propagation, 1 realized 
that I had fallen into the same trap that has 

snared many others. Here's why I believe 
that the concept that "a lower angle of 
radiation results in less hops" is wrong. I'll 
also show what I really compared in the 
lo-meter evaluation. 

Refer to Figure 2 of Part 1. It showed the 
angle of radiation versus the height of a 
square loop and dipole over perfect ground. 
At 0.25 wavelengths, the dipole's angle of 
radiation is 90 degrees, while the loop's is 49 
degrees. From this data it's natural to con- 
clude (as I did initially) that the loop is better 
at low height than the dipole, because it has 
a lower angle of radiation. This sounds very 
convincing. However, as I stated previously, 
I believe there's a major misconception in- 
herent in this conclusion. 

When one makes this conclusion, he as- 
sumes that the energy at the angle of radia- 
tion is the energy which results in the QSO. 
This is equivalent to saying that the angle of 
radiation determines the number of hops be- 
tween stations-a supposition which is in- 
correct. The ionosphere and the distance de- 
termine the number of hops between sta- 
tions. (This can be analyzed using ray tracing 
methods similar to those found on page 
22-4 of The 1988 ARRL Handbook, 
done with PROPHET. IONCAP is another 
program which gives the same type of 
result.) What's important is the energy at the 
elevation angle dictated by the ionosphere 
and distance. In general, for long distance 
communications, this means low elevation 
angles, regardless of the height of the anten- 
na.' Thus, the true comparison of two anten- 
nas is not their angle of radiation difference, 
but the magnitude differences of their pat- 
terns at these low elevation angles. Let's 
look at this in more detail for the loop and 
the dipole. 

Figure 4 shows the vertical pattern of the 
loop and dipole at 0.25 and 0.75 wavelengths. 
As expected, they are quite similar at the 
high height. At low height, it's easy to see 
the difference in the angles of radiation. It's 
also obvious that there's still energy radiated 
at lower angles for both the loop and the di- 
pole. This is because the vertical radiation 
patterns of horizontally polarized antennas 
at low height are very bulbous-this means 
the peak, which is defined as the angle of 
radiation, is very broad. 

Note the relationship between the loop 
and dipole at low elevation angles at the high 
height, and this relationship at similar low 

*My limited experience with this 10-meter long path indicates it occurs 
from about 11302 to 12152 during mid-June to mid-July here in the mid. 
west. 1 welcomeany reports from other mid-westerners who have experi- 
ence with this long path and/or the similar 10-meter long path to western 
Australia. Also see page 20 of the January 1989 issue and page 23 of the 
September 1989 of TheDXMogozine for a west-coast view of 10-meter 
long path. 
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SQUARE LOOP 0.75 WAVELENGTHS 

DIPOLE ----' 

- 4 0 - 3 0  - 2 0  -10 

SQUARE LOOP 0.25 WAVELENGTHS 

DIPOLE "'-' DIPOLE + 

- 4 0 - 3 0  - 2 0  -10 

Figure 4. Vertical pattern of loop and dipole at 0.25 and 0.75 wavelength. 

elevation angles at the low height; there's not 
much difference. Table 1 gives the values 
(from MN) of the patterns at a 5-degree 
angle. (I chose 5 degrees as typical from the 
data in Reference 7, but this isn't critical in 
the following analysis. 1 could have used 1, 
10, or 15 degrees with equal results.) 

At the high height, the loop has 1.36 dB 
gain over the dipole at the 5-degree elevation 
angle. At the low height, the loop now has 
2.02 dB gain over the dipole at the 5-degree 
elevation angle. Thus, not only is the loop a 
better performer than the dipole at high 
height, it's an additionaI 0.66 dB better at 
low height (due to the dipole's increased ra- 
diation resistance at 0.25 wavelengths). 
However, this isn't a significant amount. 
And, I believe it's a more accurate picture of 
what's happening than making a statement 
involving the angles of radiation. 

'The difference is less than the loop/dipole case because the radiation re- 
sistance variation with height of the quad and Yagi is less than the loop and 
the dipole. 
"lt should be obvious that the differences seen by Parrott (two-element 
monohand 20-meter quad at 50 feet opned  the band earlier and closed it 
later than a four-element trapped tribander at 50 feet-see Reference 3 of 
Part I )  and by Fitz (four-element monohand 20-meter quad at 80 feet I to 2 
dB better than a four-element monoband 20-meter Yagi at 80 feet-see 
Reference 4 of Part 1) were due to gain tlifferences and not angle of radia- 
tion differences. Also note that antenna interaction was not addressed in 
either article. 

This analysis of the loop and dipole is the 
extreme case. If we go through the same 
analysis for my two-element quad and two- 
element Yagi, we'll see that the quad has 
0.85 dB gain over the Yagi at the high height 
at low elevation angles, and has 0.90 dB gain 
over the Yagi at the low height at low eleva- 
tion angles. (The difference is again due to 
radiation resistance variation.*) To sumrna- 
rize, my quad maintains the same gain over 
the Yagi at low elevation angles (which is the 
free-space gain) regardless of height. 

So what does the angle of radiation tell 
us? To reiterate, it doesn't tell us anything 
about the number of hops to a DX station. 
All it indicates is that my two-element quad 
achieves its free-space gain over my two-ele- 
ment Yagi by compressing the vertical pat- 
tern. As a result, the quad will show this 
free-space gain (and no more) at low eleva- 
tion angles (the angles important for DX) at 
any height. Again, this simply shows how 
two functions interact when multiplied to- 
gether. It should now also be clear why I said 
that the 1 dB gain I measured to  a local sta- 
tion tends to confirm that the quad had a 
lower angle of radiation. The lower angle ex- 
ists because the quad has free-space gain 
over the Yagi. 

The preceding information shows that the 
10-meter evaluation simply compared the 1 
dB or so inherent free-space gain that my 
quad has over my Yagi. Thus the question, 
"Does the lower angle matter in the real 
world," should have been "Does the 1 dB or 
so gain matter in the real world?" 

Conclusions 
My work has led me make two conclu- 

sions. First, based on the above theoretical 
analysis, my quad's performance relative to 
my Yagi will be the same at low height as at 
high height. The quad will be a better per- 
former at any height only to the extent of its 
free-space gain over the Yagi.** I believe this 
conclusion is also applicable to the loop and 
dipole, in spite of claims to the contrary. 

Second, based on experimental results, my 
10-meter data did not indicate that the I dB 
or  so inherent free-space gain of my quad 
over my Yagi made a difference. The differ- 
ence is there, of course, but it's tough to 
measure (or even notice) a 1-dB difference 
on long-distance signals. Perhaps I would 
have noticed it if I had continued my evalua- 
tion for many months under varying season- 
al and solar conditions. 

A final comment 
There's one other factor that's worthy of 

mention. Although the signal strength re- 
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Loop with Respect 
Dipole Loop to Dipole 

0.75 wavelengths - 0.04 d B i  a t  5 degrees - 1.40 dBi a t  5 degrees 1.36 dB 
0.25 w a v e l e n g t h  -9.87 dBi a t  5 degrees - 7 . 8 5  d B i  a t  5 degrees 2.02 d B  

Table 1. Vertical pattern values of Figure 4. 

sults aren't valid, I did notice on 20 meters 
that the quad was 3 to 4 dB quieter than the 
Yagi about 20 percent of the time. (I didn't 
notice this effect to any great extent on 10 
meters.) If a signal was at the noise level on 
the Yagi, it was perfectly readable on the 
quad. This could be interpreted as opening 
the band earlier or closing the band later. 
This 3 to 4 dB noise advantage of the quad 
(which may be due to the reduced high angle 
response of the quad) could be much more 
significant than the 1 dB or so gain. 
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PRODUCT INFORMATION 
New NE32400 GaAs Hetero Junction FET 

California Eastern Labs announces the 
availability of NEC's new NE32400 GaAs 
Hetero Junction FET. Designed specifically 
for commercial C to Ka band applications, 
the NE32400 chip uses a new pseudomorphic 
design to help reduce noise figures. 

The "pseudomorphic" NE32400 die fea- 
tures a layer of undoped InGaAs that in- 
creases the speed of high-mobility electrons. 

Key performance features include: 
Ultra low noise: 0.6 dB typical (0.7 dB 
max) at 12 GHz 
High gain: 1 1.0 dB typical (10.0 dB 
min) at 12 GHz 
High reliability: 3.7 x 10E9 
hours at TCh = 100 C 
For more information on the NE32400 

FET write California Eastern Laboratories, 
Inc., 4500 Patrick Henry Drive, Santa Clara, 
California 95056-0964 or call (408)988-3500. 

High Power Latching Relay 
Kilovac Corporation introduces a new 

high-voltage latching relay. The K43P is a 
small, lightweight vacuum relay that can car- 
ry 24 amperes continuously at kVDC. 

The latching design incorporates two mag- 

netic coils that are individually pulsed to ac- 
tivate the relay in each direction. The K43 is 
also available in fail-safe versions A, B, and 
C (SPST-NO, SPST-NC, SPDT). 

For more information about the K43P 
write Kilovac Corporation, P.O. Box 4422, 
Santa Barbara, California 93140 or call 
(805)684-4560. 
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48 16 Palo Duro Avenue, NE 
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OPTIMIZING 
AMPLIFIER GAIN- 

BANDWIDTH 
PRODUCT 

An analysis of m ultistage-amplifier 
behavior 

I t often seems that no matter what the 
gain or bandwidth of an amplifier, I 
find myself needing a little more of one 

or the other, or both, in my applications. 
Unfortunately, when I try to add another 
amplifier stage to improve one of these 
parameters, the other suffers. For example, I 
may add a second amplifier stage to increase 
gain only to find that now I don't have 
enough bandwidth. With multistage 
amplifiers, there's an optimum gain for each 
stage that will maximize the overall gain- 
bandwidth product of the total amplifier 
system. But it's quite possible that you'll 
find this optimum-stage gain a bit 
surprising. 

In the discussion which follows, I show 
the computations for optimum stage gain. 
Although this result is relatively well known 
and the derivation straightforward, it's 
somewhat difficult to find references 
describing the work in any detail.' In any 
event, I hope you'll find the information 
here of interest and of some value in your 
amplifier design work. 

Gain versus bandwidth 
Many amplifiers, like operational 

amplifiers and some RF amplifiers, have a 
constant gain-bandwidth product. This 

means that if you increase the gain, you have 
less bandwidth, and vice versa. 

An operational amplifier has this 
characteristic. The industry-standard 741 
operational amplifier has a nominal band- 
width of 10 Hz and a nominal voltage gain 
of about 100,000-a gain-bandwidth prod- 
uct of 1 MHz. If you lower the gain to 1000 
by using a feedback network, the bandwidth 
will increase to 1 kHz. Suppose that you 
were to use two 741 amplifiers in a two-stage 
amplifier circuit with each stage having a 
gain of 3 16. The bandwidth of each 
amplifier would be about 3.2 kHz. 

The total gain of the pair of amplifiers 
would be 100,000 and the combined band- 
width about 2.1 kHz. The gain-bandwidth 
product will have been increased to 210 
MHz-a factor of more than 200 over that 
of a single 741. Suppose four amplifiers, 
each with a gain of 17.78 and a bandwidth of 
56.2 kHz, are used. The total gain will still 
be 100,000, but the bandwidth will be 24.4 
kHz. The gain-bandwidth product is 2.44 
GHz-an increase of more than a factor of 
2000 over that of a single amplifier. 

You can continue this process, but you'll 
reach a point where a further reduction in 
amplifier gain and an increase in the number 
of stages will decrease the gain-bandwidth 
product. For example, suppose that the new 
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amplifier gain selected is unity. The band- 
width of a single stage would be 1 MHz. No 
matter how many of these amplifier stages 
you use, the gain will remain at unity; 
however, the bandwidth will be reduced as 
you add more stages. So the best gain- 
bandwidth product you can obtain with a 
stage gain of unity is 1 MHz, using a single 
stage. That's considerably lower than the 
results obtained with four stages. Because a 
reduction in gain per stage from 100,000 
with multiple stages results in an increase in 
gain-bandwidth product, but using a gain of 
unity results in a lower gain-bandwidth than 
that of the four-stage case, you'd expect that 
there's an optimum gain that will provide the 
best possible gain-bandwidth product. 

Amplifier bandwidth and 
midband gain 

Assume an amplifier with a midband 
voltage gain go and a lower frequency 
response to DC, or near DC. Let the upper 
cutoff frequency, the frequency where the 
gain is 3 dB below the midband value, be f,. 
The amplifier bandwidth is defined as the 
bandwidth between the lower and upper 
cutoff frequencies. Because the lower cutoff 
frequency is far below the upper frequency, 
the amplifier bandwidth (BW) is essentially 
equal to the upper cutoff frequency, BW = 
f,. Also, let this amplifier have a constant 
gain-bandwidth product go x f, that is a 
constant k for any gain. The amplifier 
voltage gain as a function of frequency is 
given by: 

A " ff) = 
+ j WfC )I 

The term go is the midband gain of the 
amplifier and f, is the upper cutoff frequen- 
cy. In the open-loop 741 case, go is 100,000 
and f, is 10 Hz. 

Because you're really only interested in the 
magnitude of the voltage gain, there's no 
reason to keep the complex form of Equa- 
tion l. The magnitude of the voltage gain is 
given by: 

go IA" (f) I = ---- 
[I + WfC ) 7 I" 

Now, if some number of these amplifiers 
were connected in a multistage amplifier cir- 
cuit, the midband gain would be increased 
and the bandwidth reduced as shown in the 
previous 741 example. Let the number of 
amplifier stages be n. The magnitude of the 
voltage gain is then given by: 

, n 

Generally, the overall voltage gain is the 
gain term in which you are interested. Let 
the midband gain of the totalamplifier be 
Go. Then Go = gon. 

Upper cutoff frequency 
The upper cutoff frequency of the 

multistage amplifier is that frequency where 
the total amplifier gain is 3 dB below the 
midband value. Let the upper cutoff fre- 
quency of the total amplifier system be F,. 
At that upper cutoff frequency, the voltage 
gain will be reduced by a factor of 3 below 
the midband value. Thus: 

and 

You can easily solve Equation 5 for F,. 

F = f  x- 
C C (6) 

Equation 6 now provides the overall band- 
width (actually the upper cutoff frequency) 
of a total multistage amplifier of n similar 
stages. For instance, in the previous example 
using the 741, if a 741 amplifier were design- 
ed for a voltage gain of 17.78, the bandwidth 
would be 56.2 kHz. If four such amplifiers 
were used in a multistage amplifier, the 
overall gain would be (17.78)*, or about 
100,000. The bandwidth of the total 
amplifier is given by Equation 6 as 24.4 kHz. 

A multistage amplifier design 
example 

Suppose you wish to build an amplifier 
system using one or more amplifier stages 
with a gain and frequency performance 
described by Equation 2. You want the 
overall amplifier to have a gain Go and the 
maximum possible bandwidth. The gain- 
bandwidth product of a single stage is go x 
f,. The single-stage gain-bandwidth product 
is k and constant for any gain. 

The 741 example showed that a much wid- 
er bandwidth may be obtained for any given 
gain by using several stages. You may use n 
stages to provide the total desired gain Go. , 
The gain of each stage, go, must then be Go,  
so,  
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For your overall amplifier, you've speci- 
fied a specific gain and the maximum possi- 
ble bandwidth. In other words, you want the 
maximum possible gain-bandwidth product. 
The total amplifier gain-bandwidth product 
is simply Go x F,. You must find this prod- 
uct in terms of the individual stage parame- 
ters. You've found Go in terms of go in Equa- 
tion 8. But Go is a constant-the overall gain 
that you want. You also know F, in terms of 
f, by Equation 6. Then, the gain-bandwidth 
product of your overall amplifier in terms of 
the overall gain and the bandwidth of the in- 
dividual stage is given by: 

It's convenient to put Equation 9 into a 
somewhat different form. The radical term 
is a bit troublesome, but you can make an 
approximation to improve it. The natural 
logarithm of a number x, Ln x, may be ex- 
pressed in an infinite series by Equation 

Lnx = 
1 I ( x - 1 ) -  Z - ( X - Z ) ~ +  7 - ( x - ~ ) 3 -  . . .  (10) 

If you choose a number of stages for n 
greater than about 4, the first term of Equa- 
tion 11 dominates and the approximation of 
Equation 12 is accurate to better than 10 per- 
cent. The accuracy improves with more stages. 

Equation 9 may then be written as: 

Because you're trying to find the best gain 
for each stage, you must express f, and n in 
terms of go. Find this using Equations 7 and 
8, respectively. 

k f =-- 
go 

(14) 

Ln Go 
n = --- 

Ln go 
(15) 

By substituting all that information into 
Equation 13, you'll obtain the results of 
Equation 17. 

Gain-bandwidth product 
Equation 17 now gives the overall 

amplifier gain-bandwidth product in terms 
of the various constants and go. The term go 
is the only variable in Equation 17. It might 
appear that Go is a variable because it may be 
expressed in terms of go. However, Go is the 
overall total gain desired in the multistage 
amplifier and is therefore a defined con- 
stant. Actually, go is a function of Go. If you 
examine Equation 17, you'll see that if go is 
chosen as unity, the gain-bandwidth product 
will be zero (a unity-stage gain implies an in- 
finite number of stages needed). Similarly, if 
a very large go is chosen, the gain-bandwidth 
product also approaches zero (try a gain of 
1,000,000). However, if you choose a value 
of n such as 10, the gain-bandwidth product 
will be greater than with either unity gain or 
very high gain. This implies that there is a 
specific gain which will provide the highest 
possible gain-bandwidth product. Let that 
optimum stage gain be g,,,. This optimum 
gain is relatively easy to compute using cal- 
c ~ l u s . ~  However, because not everyone is in- 
terested in all the mathematical details, that 
work is relegated to a sidebar. 

After going through the math, the op- 
timum gain g,,, and the optimum number of 
stages n are g~ven in Equations 18 and 19. 

F c =  fc 6 
ffrorn Equations (6) and (12)l (20) 

Equations 18 and 19 give the optimum 
stage gain for maximizing gain-bandwidth 
product and the number of stages needed for 
any desired gain of a multistage amplifier. 

There's a very important but subtle point 
you should observe in Equation 18. Note 
that the optimum gain of the individual stage 
is totally independent of everything! It's not 
a function of the overall gain desired, or the 
stage bandwidth, or the stage gain- 
bandwidth product, or anything else except 
the constant e-the base of the natural 
logarithm = 2.718. Therefore, if you wish to 
build an amplifier with the best possible 
gain-bandwidth product, you'll need a 
multistage amplifier with individual stage 
gains of about 1.65-no matter what overall 
gain you may desire. 



Consider the 741 again 
If you want to use 741s to build an 

amplifier with a gain of 100,000 and max- 
imum bandwidth, Equation 18 shows that 
the individual stage gain should be 1.649. 
With that gain, a 741 would provide a band- 
width of about 607 kHz. Equation 19 in- 
dicates that a total of 23 stages would be re- 
quired. Finally, Equation 20 shows that the 
overall bandwidth would be 105 kHz. The 
overall gain-bandwidth product would be 
10.5 GHz. This is considerably better than 
the 1 MHz gain-bandwidth product of a 
single 741, although the same voltage gain of 
100,000 is provided. I know this may seem a 
bit peculiar, but just try to obtain a 100-kHz 
bandwidth with a gain of 100,000 using 741s 
in any other configuration. 

RF amplifier 
Even though the 741 example is accurate, 

it's not a particularly practical or a common- 
ly needed configuration. Consider an RF 
amplifier. Suppose you have a basic 20-dB 
gain (voltage gain of 10) amplifier with a 
1-GHz bandwidth, 10 Ghz gain-bandwidth 
product, with the gain adjustable down from 
20 dB such that the gain-bandwidth product 
remains constant. Say you wish to  build a 
multistage amplifier with a gain of 40 dB 
(voltage gain of 100), but with the best possi- 
ble bandwidth. If you simply use two of the 
amplifiers in a two-stage amplifier con- 
figuration, you'll have a 40-dB gain and a 
bandwidth of 644 MHz. However, if you 
were to  use nine stages (nearest integer 
number to the results of Equation 19), each 
designed for a voltage gain of 1.668, or 
about 4.44 dB, the overall voltage gain 
would also be 100. But the bandwidth would 
be 1.7 GHz, almost a factor of three greater 
than a simple two-stage unit. 

Even a simple 20-dB amplifier can be im- 
proved. A single stage of the amplifier above 
provides a bandwidth of 1 GHz. If five 
stages, each with a gain of about 1.585 (4.0 
dB) were used in a multistage amplifier, the 
gain would still be 20 dB, but the bandwidth 
would be slightIy greater than 2.3 GHz. 
That's more than an octave increase in 
bandwidth. 

Conclusions 
It's often desirable to optimize the gain 

and bandwidth of a multistage amplifier to 
achieve the maximum possible gain- 
bandwidth product. The optimum voltage 
gain of each stage of such an amplifier, with 
at least four stages or more, is fi, or ap- 

CALCULATING THE 
OPTIMUM GAIN 

Ln 2 , ,n i Ln go, 10 (17) 
G o x F c = G o x k ( L ~  

go 

(3, = Desired overall gain = 
constant 

11 > = 4  
Limit Go x F, = 0 and Limit Go 

x F , = O  

so -> 0 go -> 03 

For 0 _< golor,,  Go x Fc > 0 

Therefore, a maximum must ex- 
ist. To find the maximum, take the 
first derivative of Go x F, with re- 
spect to go, equate to zero, and solve 
for go.% gOpt. 

d 
a g f G 0  xFc ) = 

Ln 2 d Ln g, 
G , x ~ ( ~ ; ; G ) " ~  d J , f  go ) ' I 2  = 0 

fLngo )-I" ( g o -  2go Lngo , = 0 

(f,n go)  I n ( l  - 2 L n g o )  = O  l forgo$O] 

1 -2Lngo =Ol fo rLng , f  O ]  

1 Lng, = - 2 

- ellZ goE gopr - 

Go = goptn (18) 

Ln Go 
n =  = 2 L n G ,  

Ln gopt 
(19) 

proximately 1.65. That stage gain is totally 
independent of any of the parameters of the 
individual amplifier stages, or those desired 
of the multistage unit. Therefore, when 
designing a multistage amplifier, you should 
design each stage for a voltage gain of about 
1.6 to 1.7 with sufficient stages to provide 
the desired gain. 

You may wish to use prefabricated 
amplifier building blocks for the individual 
stages. Typical examples of such building 
blocks are the MAR devices from MiniCir- 
cuits, the GPD and MSA devices from 
Avantek, and there are numerous others. 
Although you typically can't modify the gain 
of these building blocks effectively, there's 
generally a selection of gain and bandwidths 
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offered in each series of devices. The lower- 
gain devices usually provide the wider band- 
width. If you wish to maximize the band- 
width for any desired gain in a multistage 
amplifier, it's important to select the in- 
dividual amplifier device of the group with 
the lowest gain, and presumably, widest 
bandwidth. 

Although the optimum gain-bandwidth 
product of a multistage amplifier is obtained 
with a stage gain of Je, there may be other 
circumstances where you may prefer a higher 
gain in a specific stage. One situation where 
this is true is in low-noise designs. In these 
cases, it's very important that the first stage 
have a relatively high gain to prevent com- 
promise of the amplifier noise figure by the 
noise of succeeding stages. You may also 
prefer higher gain in a specific stage in high- 

output power amplifiers. A final-stage gain 
of only 4 dB may be insufficient to allow the 
maximum output of the preceding stage to 
drive the final stage to its maximum output 
capability. In this case, a higher-gain final , 

would be desirable. Therefore, in specific 
cases, a gain higher than the optimum for 
best gain-bandwidth product may be re- 
quired. However, when such a higher gain is 
used, it should be understood that it's a 
tradeoff of gain-bandwidth product for im- 
provement in some other parameters. 
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PRODUCT INFORMATION 
New 20-MHz Direct Digital Synthesizer 

QUALCOMM, Inc. announces a 20-MHz 
dual Direct Digital Synthesizer (DDS), the 
Q2334M-20L, which provides two independ- 
ent synthesizers on one integrated circuit for 
military applications. The 42334 provides 
output over a wide bandwidth and generates 
two independent signals for completely 
separate circuit functions (i.e., complex sig- 
nal generation, I/Q channels). The device in- 
cludes two patented features: a noise re- 
duction circuit, which lets the user specify 
less expensive DACs without the expected in- 
crease in spur levels; and an algorithmic sine 
lookup. 

COMM, Inc., VSLl Products Division, 
10555 Sorrento Valley Road, San Diego, 
California 92121-1 61 7. 

New High Voltage Relay Available 
Kilovac Corporation introduces a new 

high voltage relay. The HC-6 is a new pres- 
surized gas-filled relay with tungsten and 
molybdenum contacts, and a rated operating 
voltage of 8 kV. The relay's continuous cur- 
rent carry is 15 amps and, under certain cir- 
cumstances, it can make up to 150 amps. 

For more information on the HC-6, con- 
tact Kilovac Corporation, P.O. Box 4422, 
Santa Barbara, California 93140. 

Packaged in a 68-pin hermetically sealed 
ceramic leaded chip carrier (CLDCC), the 
Q2334M-20L is screened to the requirements 
of MIL-STD-883, Level B techniques of 
Methods 5004. QUALCOMM has also re- 
leased a commercial ceramic version of the 
20-MHz DDS (part no. Q2334I-20L) and the 
30-MHz DDS (part no. Q2334I-30L). 

For further information contact QUAL- 



R.P. Haviland, W4MB 
1035 Green Acres Circle North 
Daytona Beach, Florida 321 19 

ANTENNA- 
STRUCTURE 
INTERACTION 
Modeling with MlNlNEC 

- 

ture, like 

ne of the problems of the real vestigate NEC for Yagis 1.0 by Brian 
world is that antennas must be Beezley, K6STI. This IBM-compatible pro- 
mounted on some type of a struc- gram provides analysis of Yagi designs using 
a boom, a mast, or a tower. Often, the NEC code. You'll find advertisements 

even larger structures are involved, such as for NEC for Yagis, and Brian's other pro- 
an auto or an airplane. grams (MN 4.0 and YO 4.0), in most 

Over the years, a number of rules of amateur radio publications. 
thumb have developed regarding good 
mounting practices. These guidelines have 
always been suspect, sometimes without 
reason, but other times as a result of flaws 
like poor performance in some direction, or 
an unusually high SWR. All too often, a 
nagging uncertainty remained: Is this the 
best that can be done? 

Antenna modeling by computer provided 
a way to look at these antenna-to-structure 
interactions in considerable detail. I'd like to 
introduce techniques for solving amateur 
type antenna problems, using equipment, 
techniques, and the MININEC software now 
readily available to individuals. 

I recommend that you use one of the ver- 
sions of MININEC 3 (see ads in the amateur 
magazines). Those with change 12 incor- 
porated are the best, because this change 
eliminated a restriction on angle between 
wires. However, any version after change 6 
should be satisfactory. 

There's a version of NEC available for the 
PC family. Unfortunately, it's relatively ex- 
pensive and available only to members of 
The Applied Computational Electro- 
magnetics Society. However, those interest- 
ed in Yagi antenna design might want to in- 

Concepts of structure modeling 
When doing this type of work, it's conve- 

nient to consider that there are two kinds of 
structures. The first can be called "antenna- 
like" structures. These include many items 
commonly found close to the antenna. 
Booms, towers, and guys are structures of 
this class. Because their dimensions aren't 
greatly different than antenna dimensions, 
they are easy to model using essentially the 
same rules followed for modeling the anten- 
nas themselves. 

The second class of structure doesn't real- 
ly have a good name. Relatively large areas 
of metal are involved, usually curved sur- 
faces like those found in the body of an auto 
or the skin of an aircraft. Because of the 
large amount of area involved, the standard 
antenna modeling techniques using straight, 
thin wires can't be used directly. Instead, the 
structure must be approximated by a model 
composed of the thin, straight wires which 
the antenna models can handle. The usual 
name for these are "wire-frame" models. 
You can find examples of these models in 
most electronic and computer journals- 
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often in ads for drafting software. The 
precomputer name would have been 
"Tinker-Toy" models, after the child's toy. 

Always remember that the performance 
output of a computer antenna model is only 
an approximation of real antenna perfor- 
mance. This is true for most antenna calcula- 
tions, because the equations representing 
conditions are so complex that they can only 
be solved by approximation. The approx- 
imations are even less accurate when large 
areas are analyzed. This doesn't mean you 
must throw out the model results, however. 
These results are useful guides to design and 
operation. At least your starting point will 
be in the right ballpark, if not exactly at the 
right plate. Use the model results for what 
they are: guides to the real situation which 
are accurate enough to give relative perfor- 
mance and a good starting point for final 
adjustment. 

Antenna-like structures 
The class of structures made of long thin 

elements are easily modeled using standard 
antenna rules. To review, these rules are: 

Neglect undriven elements if they are less 
than about 0.1 wavelength long. 
*Use four segments per half-wave for an in- 
dication of performance, eight for 
reasonable accuracy, sixteen or more if high 
accuracy is important. 

Check the geometry, especially the end 
points, to be certain the elements are proper- 
ly positioned. 

A boom is treated exactly like a dipole ele- 
ment, except that it normally isn't driven, 
but parasitic. Guys are also simple, because 
they are simply inclined long wires. One end 
of grounded guys must end at the earth's 
surface, z-dimension of zero. Poor earth can 
be simulated by introducing a loss-a load 
resistance at the junction point. 

Over most common frequencies, the tower 
is simple-just a grounded vertical antenna. 
But you must watch the tower size-frequency 
relationship. For example, a common tower 
leg width is 12 inches, or about 0.3 meter. At 
14 MHz, this represents 0.014 wavelength, 
well within the "wire size" limit for good ac- 
curacy. However, at 144 MHz the tower 
width is about 1/23 wavelength, and accuracy 
will be poor because the thin-wire approx- 
imation isn't valid. 

However, this doesn't mean that the 
results are worthless. In a typical situation 
the tower currents will be low if the antenna 
is symmetrically mounted on the tower. A 
typical value of maximum tower current will 

be one percent of the antenna driving point 
current. Because power varies as the square 
of current, the tower radiation will be 
around 1/100th of a percent of the antenna 
radiation, or 40 dB below the drive power. 
About the only effect of the tower current 
will be to fill in the nulls somewhat. 

Suppose the calculation of this current is 
off by a factor of ten, so the actual current is 
10 percent of the antenna drive. Now the 
power radiated will be 20 dB down. Such an 
error won't affect the main-lobe calculations 
at all, but may mean that the secondary 
lobes and nulls are very much in error. In ad- 
dition, there may be some error in the driv- 
ing point impedance. However, the 
calculated results will still give an overall 
estimate of performance. 

There are several ways to check the impor- 
tance of such stray currents. One is to  com- 
pare the pattern and drive resistance of the 
antenna alone and with the tower present. A 
second is to introduce a large resistance at 
the point of maximum stray current, and 
make the same comparison. Still another is 
to move the drive point from the antenna to  
the stray current point. If the antenna-alone 
pattern appears to be badly degraded, try 
another structure, or consider introducing 
insulators-the equivalent to the large 
resistance trial. In this connection, it's no 
longer necessary to physically cut a guy or 
even a tower to stop the current flow. Several 
ferrite beads, or even pieces of old TV H-os- 
cillator or deflection ferrite cores, at the point 
of maximum current will reduce the current 
to a negligible value. See the book, Reflec- 
tions by Walt Maxwell, W2DU and The 
ARRL Antenna Handbook for methods of 
estimating and measuring the effects. 

If the stray currents on a thick tower do 
seem to be important, analyze the tower in- 
teraction as a wire-frame model (see the 
following section). 

Example of antenna-like 
structure analysis 

Suppose you've been asked to advise a 
friend on the use of his sailboat rigging as an 
antenna. The common method of doing this 
is to insulate the backstay, and use this as a 
sloping vertical fed against the ballast, 
motor, and other metal hull parts. Is this the 
best way to go? 

For simplicity's sake, assume that the boat 
is 12 meters LOA, 4 meters beam, with a 
10-meter high mast, or about the dimensions 
of common 35 footers. Also for simplicity, 
assume that the mast is stepped on the 
ballast, and that the stay and shroud chain- 
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assumed to be at water level or below. (A) View from port or starboard. (B) View from bow or stern. 

plates make a straight line with their wires, 
effectively connecting to the earth at water 
level. The spreaders are at 5 meters, and are 
non-conducting. The ship model is as shown 
in the two views of Figure 1. Assume that the 
shroud/stay diameter is 0.01 meter, and the 
mast diameter is 0.2 meters. Use sixteen 
segments for the longer elements, and eight 
for the shorter. 

Solution time depends on the computer. 
Fifteen to 20 minutes per frequency is 
typical. Making a printout of the results will 
add to the time, but it's worthwhile for 
future reference. 

Assuming that the feed is at the base of the 
backstay, with other stay/shroud/mast con- 
nections intact, you should obtain the 
following results: 

Drive (Ohms) Radiation Ratios, dB 
Band R X F/Back F/Side 
160 0.4 - 260 0 6.6 
80 80 1240 - 0.5 1.5 
40 335 - 4 5 0  - 1 . 6  - 0.8 
20 30 80 3.3 6.5 
15 170 - 270 10.7 0.6 

With a parallel resonance at 5.24 MHz, 
and a series resonance at 13.28 MHz, this 
will be a good antenna from 80 to 15 meters 
with a good antenna match box, and a us- 
able but inefficient one on 160. There is 
some signal variation as heading changes, 
but this is less than the normal fading range. 

You can make additional runs with the 
feed at other locations, and with various in- 
sulation trials, at the top and/or bottom of 
shrouds and stays. You can introduce other 
antennas, like the often used "Hustler Whip" 
on the quarter. Because this is an example 

rather than a real problem, I won't explore 
these here. 

Large-surface structures 
To illustrate the approach to using thin- 

wire antenna analysis in modeling surfaces, 
assume that an antenna is to be mounted on 
a square metal plate-a ground plane. The 
plate can be represented by a grid of crossed 
wires. Two forms are shown in Figure 2. 

One limiting condition shows up if it's 
necessary to mount the antenna at the center 
of the plate. Because there's no wire junction 
at the center on Figure 2A, there is no 
"ground" to feed the antenna against. This 
point does exist in Figure 2B. It's evident 
that the planning of the wire grids must in- 
clude antenna location as a factor. 

The usual "rule of thumb" is that the wire 
surface area should equal the area of the sur- 
face it is to represent. But there are limits to 
this. One is that the wire radius must be 
small compared to a wavelength; a radius 
greater than 1/30 wavelength is likely to give 
errors. The segmentation of wires is also im- 
portant. A segment shouldn't be longer than 
1 /5 wavelength. 

The usual arrangement is a square mesh; 
that is, four 90-degree angles. However, 
there are situations where other angles are 
necessary to model the surface geometry, 
and even places where different angles give 
better results. For example, the flat plates of 
Figure 2 can also be represented by the radial 
wires of Figure 3. These give at least as good 
a representation as the square mesh, and re- 
quire fewer wires and therefore less com- 
putation time. Probably the best rule is to 
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Figure 2. Wire-grid models of a square ground-plane 
plate. (A) A coarse grid, which requires large conductor 
size and limits antenna locations. However, it conserves 
computer memory and requires less time for solution. 
(B) Fine grid, suitable for use at higher frequencies with 
less restriction on antenna location. Wire size can be 
one-half that of (A) for the same accuracy. Grids are 
shown as squares, the preferred arrangement, hut may 
be 3,5, or more sides, with angles other than 90 degrees. 

use the square mesh for the general body, 
and radial connections at and close to the 
antenna mounting point. 

One problem with the models of Figures 2 
and 3 is that the current is necessarily the 
same on the top and bottom of the plate. 
This may not be accurate in some cases; for 
instance, with a ground-plane antenna 
mounted atop a mast. In such situations two 
plates separated by a small distance are 
necessary, as shown in cross-section in 
Figure 4. 

It's evident from these examples that 
there's a considerable amount of art in the 
design of the model for analysis. Any at- 
tempt at accurate modeling is likely to lead 
to a large number of wires, which, in turn, 
requires a large computer and long run 
times. Models for amateur use which are 
modeled on a PC, will have to be crude, and 
run times will be long. 

It's very easy to make an error in laying 
out and entering the model data. Use a con- 
sistent approach to numbering wires, and 
use symmetry to help keep the numbers and 
dimensions correct. A program which 
assembles antennas from wires or elements is 

2 

RAOIAL 
CONDUCTORS 

Figure 3. An alternative to an equal-sided grid, especial- 
ly useful at the antenna mounting location. Such radials 
may be used as diagonals to ensure good distribution of 
current and better accuracy. However, such refinements 
increase memory demand and run time. 

a big help, especially if it will allow you to 
mirror-image the elements-an easy way to 
get symmetry. In a complex model, the pro- 
cedure is to check and recheck your design. 

Example analysis: 
a car antenna 

Suppose you want to use a diplexer with 
the factory-mounted whip antenna of a 
typical small two-door automobile. The 
basic questions you must ask are: what is the 
drive characteristic, and what kind of a pat- 
tern is obtained? 

Figures 5,6, and 7 show three views of a 
wire-frame model of such a car. Note that 
the top is supported at three points along the 
sides, with no other top-body connection, to 
represent windows. The top and body sec- 

Figure 4. Accurate models sometimes require a closed 
surface to allow currents on the top and bottom to be in- 
dependent. The mast-mounted ground plane is an ex- 
ample. The ground plane may he a grid, as in Figure 2, 
or radial, as in Figure 3. 
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Figure 5. Modeling flat or curved surfaces requires many wire sections. This side view of a 
typical small automobile ignores many features, like wheels and bumpers. The relatively 
coarse grid is adequate for reasonable accuracy at 28 MHz, but the number of wires could 
be increased for better accuracy at 144 MHz. 

AUTO-SIDE V l E W  

tions do have a wire along the center line, 
and the body does have three side-to-side 
side straps across the bottom. 

Despite it's relative crudity, the model ap- 
proaches the limit of typical PCs. Only one 
current pulse per wire segment can be used 
with the standard MININEC program. 

You can obtain worthwhile and interesting 
results even with this crude model and the 
limits of the computer. At 146 MHz, the fac- 
tory mounted 30-inch whip on the right front 
fender at the windshield front shows a drive 
impedance of 95 - 18 ohms, an easy match. 
The pattern is surprisingly good. As seen by 
the car driver, the front-to-back ratio to the 
horizon is 0.8 dB. The right side radiation is 
0.6 dB below the forward, and the left side is 
0.9 dB lower. The pattern is essentially cir- 
cular. Diplexer design should be relatively 
easy. 

The built-in antenna could be used at 28.5 
MHz. As with all short antennas, the drive 

WlNOOW 

impedance is poor: 2.4 ohms resistive and 
- 415 ohm reactive. The pattern remains 
quite good, with a F/B ratio of - 0.9 dB. 
The front-to-right ratio is - 2.2 dB and the 
front left is - 3dB. The poorest radiation is 
toward the front. 

Once you have the basic car model, it's 
easy to move the antenna location and to 
change length. The absolute values 
calculated from this coarse model are likely 
to be in error. But the relative change will be 
better, and it will be easy to see if a "relative- 
ly optimum" location has been found. 
(However, it will take some time to run the 
range of possibilities.) 

More wires and a greater degree of accur- 
cy would be possible with a late-model com- 
puter with more memory, provided the ar- 
rays used in the program are redimensioned. 
Compiling the program (as in Quick Basic) is 
a good time saver. If much work is to be 
done, a numeric co-processor saves time. 

A N T E N N A  

G R O U N D  

Figure 6. Top view of the automobile in Figure 5. In numbering wires for computer entry, 
time can be saved by making use of the symmetry of the structure. It's also easier to avoid 
errors if the wires are numbered in mirror-image pairs. 

A U T O - T O P  V l E W  

Communications Quarterly 77 

WINDOW 

WINDOW 

WINDOW 

GROUND N O T  SHOWN 

WINOOW 

W I N D O W  - 

WINDOW 



AUTO-FRONT VIEW 

ANTENNA 

GROUND 

Figure 7. Front view of automobile in Figure 5. This and 
additional views aren't usually necessary to see all of the 
model wires, but are helpful in avoiding numbering, 
dimension, and entry errors. Some CAD programs pro- 
duce this third view automatically, and also output a 
table of line (wire) end points. I f  much work is to be 
done, a small program can be written to transfer the 
table to RF analysis format. 

Data on modeling 
There's considerable data to be found on 

the relationship between model design and 
accuracy in the paper, "Verifying Wire-Grid 
Model Integrity with Program 'Check'," by 
C.W.Trueman and S.J.Kubina in the Ap- 
plied Compuralional Elecrrornagnetics Jour- 

nal (vol. 5 no. 2, Winter 1990). This 
reference includes a table of warning/error 
conditions, and many sketches showing 
probem situations. You might also want to 
read "Selecting Wire Radius for Grid/Mesh 
Models," by L.A.Oyckanmi and J. Watins, 
in the same issue of the journal, or "Model- 
ing Electrically Small, Thin Surfaces with 
Wire Grids," by T.H. Hubing and J.F. 
Kauffman in the previous one. 

You may also find it helpful to read "Wire 
Grid Modeling of Surfaces," by A.C. Lud- 
wig, in the IEEE Transactions Antennas and 
Propagation (vol. AP-25, September 1987). 
All the references in the papers listed here 
will lead you to other papers on this subject. 

A caveat 
Computer modeling of large area surfaces 

is a relatively new field, and one in which 
there is little or no amateur experience to 
draw from. 

The reference articles warn that the field is 
more of an art than an exact method of 
analysis. Until we get some experience, in- 
cluding comparisons between computer 
model results and actual performance 
measurements, the results of any simulation 
run should be used carefully. In particular, 
expect that the results are really no more 
than general guidelines, and a good starting 
point for work in the "real world" of anten- 
nas and their mountings. I 
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PRODUCT INFORMATION 
New Medium-power Silicon Bipolar Device 

California Eastern Laboratories announc- 
es the arrival of NEC's new medium-power 
NE46 1 : bipolar device. This tiny 
surface. evice delivers high dynamic 
range a1 )ise figures. 

Key pertormance features include: 
High Po,, 
1 /2 watt Po,, at  1 dB compression 
(12.5-volt power supply) 
400 mW Po,, at 1 dB co n 
(10-volt power supply; iBm) 

***v ,* 
170 mW Po,, at 1 dB co n available on tape and reel for automated as- 
(5-volt power supply; IP3 > J L . 5  dBm) sembly, and is recommended for amplifier 
1 watt saturated Pout applications to  1.5 GHz. The chip version, 
(10 to 12-volt power supply) NE46100, is for TO-8 and medium-power 
Low noise figure hybrid amplifier designs to 3 GHz. 
1.5 dB at 500 MHz Both the NE46134 and NE46100 are avail- 
2.0 dB at 1 GHz able from California Eastern Laboratories. 
Low IMD For more information write California East- 
- 40 dBc two-tone at 1 GHz ern Laboratories, Inc., 4590 Patrick Henry 
(20 dBm total PouJ Drive, Santa Clara, California 95056-0964, 
The surface mount version, NE46134, is or call (408) 988-3500. 
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Cornell Drentea, WB3JZO 

IMPROVING 
RECEIVER 
PERFORMANCE IN 
MODERN 
TRANSCEIVERS 
Simple front end PIN diode 
modifications improve dynamic range 

T his article investigates the design cri- 
teria for receiver front-end diode 
switching. It explains why some di- 

odes are better than othkrs at switching RF 
currents, and makes recommendations re- 
garding circuit changes in present and future 
equipment. The information here applies to 
most general coverage transceivers and re- 
ceivers on the market today. I hope that 
Amateurs, as well as manufacturers, will 
benefit from this discussion. 

The problem 
Modern shortwave receivers have an in- 

credible number of input signals entering on 
the antenna lead. The dynamic range re- 
quirement created by adjacent signals, as 
well as far-removed signals, can be very 
stringent. For this reason, highly selective 
filters and good linearity are essential to lim- 
it the creation of in-band spurious signals. 

These extraneous signals arise from the in- 
termodulation of multiple signals in nonline- 
ar circuit elements. Some older designs used 
massive gang switching or miniature relays 
to preserve linearity, but that was costly, un- 
reliable, and compromised shielding. Nowa- 
days, electronic switching is preferred. Un- 

fortunately, many top-of-the-line receivers 
use simple nonlinear diodes in these 
switches. The result is a noticeable loss of 
performance under heavy traffic conditions. 
However, you can use PIN diodes as a re- 
placement for these inferior diodes and ob- 
tain substantial improvement. 

A new point of view 
The replacement of diodes in transceivers 

isn't a new technique. If you listen to the 
various equipment nets on 20 meters, you'll 
hear about the "radical" improvements ob- 
tained by changing all front-end filter switch- 
ing diodes in one radio or another. However, 
one misconception aired on such nets con- 
cerns the replacement of the original PN- 
junction diodes, like the 1N914, 1N4148, or 
their Japanese counterparts, with Schottky 
(hot carrier) diodes, like the Hewlett Pack- 
ard HP 5082-2800. Although the perform- 
ance after such changes has been billed as 
"better," the HP 5082-2800 Schottky diodes 
are actually the wrong diodes to use in these 
applications. Apparently, many experiment- 
ers don't know that while Schottky diodes 
may appear to improve the low end signal 
handling of receivers, their overall perform- 
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ance as basic RF switches may be marginal at 
best when multiple strong signals are present 
at the receiver's inputs. Simply put, Schottky 
diodes act as mixers versus perfect R F  
switches, like the relays or mechanical 
switches, for the incoming signals, creating 
unwanted characteristics for the receivers. 
Consequently, what is perceived as a "hot- 
ter" receiver could actually be a "noisier" 
one. 

To understand how this happens, let's 
look a little closer at the various types of di- 
odes available to the receiver designer, and 
their characteristics. 

Simple PN-junction diodes (the IN914 
and the like) and Schottky diodes (the HP 
5082-2800, for instance) are intended to gen- 
erate products when presented with different 
frequency signals. This nonlinear behavior is 
a desirable feature usually exploited in con- 
trolled mixer applications. However, this 
property is undesirable when these diodes 
are used to switch bandpass filters at the in- 
put of a radio. Ideally, such a function re- 
quires hard, mechanical-type switching, like 
that provided by relays. This kind of switch- 
ing would be preferable from an electrical 
point of view, because relays don't generate 
intermodulation distortion (IMD). On the 
other hand, using several relays in front-end 
switching would quickly prove a cumber- 
some and expensive proposition (miniature 
R F  relays are available from several 
vendors). 
PIN diodes, because of their physics, act 

closer to a perfect distortionless mechanical 
switch-defined in this application as one 
that should not generate mixing products. If 
PIN diodes are used to switch in bandpass 
filters, receiver performance maintains a cer- 
tain integrity in the third-order intercept 
point when compared with either PN-junc- 
tion diodes or Schottky diodes. To the hu- 
man ear, this translates into crisper, more in- 
telligible weak signals in the presence of 
strong ones. 

Before delving further into the physics of 
diodes, let's look at how they are configured 
as filter switches in the front end of typical 
general coverage receivers. 

Some design considerations 
Modern general coverage transceivers em- 

ploy not just one or two receiver filters, but a 
complex bank of automatically switched 
suboctave filters intended to reject out-of- 
band interference over a wide frequency 
range. These filters overlap and provide 
automatically switched continuous cover- 
age.' One, out of up to eight such filters, is 
usually selected by the synthesizer with the 

help of the inexpensive silicon PN-junction 
diodes discussed earlier. This is implemented 
in the simplified diagram of Figure 1. 

A digital decoder senses the operating fre- 
quency of the rig from its synthesizer control 
circuits (Figure 1A). One of several control 
lines selects a filter by turning on NPN drive 
transistor Q1 or Q2. DC current then flows 
through the Q1 or 4 2  transistors, and through 
both ends of the selected filter circuit into 
the diodes, as shown. The DC path is com- 
pleted to ground through current limiting re- 
sistors R1 or R2. A similar process is shown 
in Figure 1B. The difference here is that all 
diodes have voltage applied constantly to 
their anode sides with current limiting resist- 
ors R3 and R4 placed in series. The circuit is 
completed to ground through open collector 
transistors 43 or 44. When properly biased, 
a filter is selected in much the same manner 
as at A. In either case, just one filter is select- 
ed at a time. This means that only the pair of 
diodes corresponding to the selected filter is 
being biased at any given moment. The di- 
odes are said to be forward biased, a state 
which allows RF to flow through the selected 
filter. 

Now let's discuss the occurrence of IMD 
in these circuits. 

In a simplistic way, when in-band RF sig- 
nals coming from the antenna cross the I-V 
characteristics of the activated diodes, un- 
wanted signal products result. These prod- 
ucts translate into audible whistles and in- 
creased noise floor, which can be further ag- 
gravated by the synthesizer's phase-noise 
performance and by the receiver's AGC. 
When unmatched PN-junction diodes are 
used, the various signals going through the 
biased filter circuit cross the uneven I-V 
characteristics of the input and output di- 
odes at different points on their curves. This 
creates additional IMD. Schottky diodes elim- 
inate some of these problems by providing 
guaranteed matched I-V curves. However, 
Schottky diodes have been designed to gen- 
erate products which are useful in mixer ap- 
plications. Consequently, they will also be 
undesirable parts for these applications (see 
Figure 2). In contrast, the switching charac- 
teristics of PIN diodes work on a totally dif- 
ferent principle. PINS act as variable R F  re- 
sistors whose resistance depends on DC ex- 
citation. That is, RF energy will pass through 
the diodes when a small amount of DC cur- 
rent flows through them. In a front-end filt- 
er switching system, RF signals coming from 
the antenna would be superimposed over the 
DC current. Their incident energy would 
cause an additional rectified current to be 
generated in the diodes. This, in turn, would 
further lower the diode resistance in such a 
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Figure 2. Current versus Voltage (I-V) characteristic 
of a typical PN-junction signal diode. In standard, un- 
matched parts, this cuwe will vary from part to part. 
In-band RF signals will cross the curves of input and 
output diodes at different points producing unpredict- 
able distortion. In Schottky diodes, the position of 
these I-V curves is guaranteed to be the same for all 
parts over a wide frequency range. Better signal han- 
dling results from this, especially at the lower end on 
the curves-giving an impression of a more sensitive 
receiver. PIN diodes, on the other hand, minimize 
these problems by acting as current controlled resist- 
ors or switches, without exhibiting the severe inter- 
modulation distortion problem of the PN-junction or 
Schottky diodes. They are recommended for receiver 
front end filter switching. 

way that the RF would flow through them 
and consequently the filters they're switch- 
ing. When properly biased, you would find 
that, for the most part, only the fundament- 
al frequencies of the signals would pass 
through the filters, much as they do in mech- 
anical switches. 

A little bit of physics 
A close look at the physics of a PIN diode 

like the H P  5082-3080 reveals that it is con- 
structed very differently from a PN-junction 
or a Schottky diode. While signal diodes are 
manufactured on the pri~iciple of a metal de- 
posited on a P or N semiconductor, the PIN 

Figure 3. Construction of a PIN diode. Unlike a signal 
diode, the PIN diode uses a thick near intrinsic silicon 
material which is sandwiched between the P and the N 
materials. When properly DC biased, RF energy will 
propagate through the diode with minimum internal 
distortion. 

diode is constructed with a thick high-resist- 
ance nearly intrinsic silicon layer (I) sand- 
wiched between the P and the N semicon- 
ducting materials, hence the name PIN di- 
ode. The resistance of the I layer with no DC 
applied is on the order of about 10 k. This 
property is known as isolation. The PIN di- 
ode's depletion capacitance is also reduced 
due to the thick intrinsic layer between the P 
and the N layers, allowing the diode to oper- 
ate as a good attenuator or switch at much 
higher frequencies than the regular PN-junc- 
tion diodes (see Figure 3). 

When the diode is forward-biased at a 
given current, holes and electrons are inject- 
ed into the I region from the P and N re- 
gions. These holes and electrons don't im- 
mediately recombine in the I region as may 
be expected, but rather coexist for a period 
of time. The average time before recombina- 
tion is called the carrier lifetime. The mean 
distance a charge travels before recombina- 
tion is the diffusion length, which, in turn, is 
related to the carrier lifetime. This injection- 
recombination process is continuous when 
the diode is forward biased. This results in a 
steady-state charge in the I layer which de- 
pends on the forward current and the carrier 
lifetime. The final effect is to lower the re- 
sistance of the 1 region slowly making it a 
better conductor. 

Looking at it another way, it can be said 
that PIN diodes use their dynamic intrinsic 
properties to make RF signals remain in an 
on state longer than PN-junction diodes, 
much like relays would, but without the dis- 
tortion rich crossings of the I-V curves so 
characteristic of the other two types of diodes. 

We have seen that the RF conductance of 
PIN diodes depends on the DC current 
pumped through them. Within reason, the 
more current, the better RF switches they 
make, and the better their intermodulation 
distortion performance. This is why PINS 
have been classified as power-hungry devices 
when used in RF switching circuits. In 
general, current specifications for PIN 
diodes vary upwards to about 200 mA for a 
hard turned on diode. Low current PIN di- 
odes have also been manufactured. For ex- 
ample, the H P  5082-3080 requires only 10 
mA for an on-resistance of 8 ohms. The HP 
5082-3081 exhibits 10 ohms for the same for- 
ward current, while M/A-COM's MA4P 1200 
is designed for less than 1 ohm at the same 
current. These later currents are compatible 
with most existing drive circuits in today's 
general coverage transceivers (see Figure 4). 

Performing tests 
Several laboratory tests were performed 



after the regular PN-junction switching di- 
odes in a Kenwood 430, an ICOM 725, and a 
Yaesu FRG 7700 were replaced with HP 
5082-3080 PIN diodes. H P  5082-2800 Schot- 
tky diodes were also tested. No modifica- 
tions were necessary for the biasing charac- 
teristics of the existing receiver circuits. Our 
tests produced consistent results in all rigs. 
As expected, the PIN'S performance was 
superior to the PN-junction and Schottky di- 
odes. In addition, the PIN H P  5082-3080 
was found to perform better than the 3081. 
This was attributed to the 3080's lower on- 
resistance for the same current (10 mA), as 
was discussed earlier. A two-tone receiver 
laboratory test was performed for all three 
radios in the 20-meter band with 20 kHz 
spacing. It showed typical spurious free dy- 
namic range (SFDR) improvements of 6 to 8 
dB when using the PIN over the PN-junction 
diodes. Although these numbers may not 
sound significant, they constitute substantial 
improvements which can be heard in the re- 
ceiver outputs. The changes made the differ- 
ence between copy and no copy for some 
weak signals in the presence of strong ones. 
Casual listening observations proved re- 
warding and showed considerably cleaner 
audio with the PINS installed. Schottky diodes 
were also tried in one of the radios. Although 
the receiver sounded somewhat "hotter," 
that is, more sensitive, the radio's attenuator 
needed to be used to reduce intermodulation 
distortion on strong signals. Conversely, 
with PINS no attenuator was needed to re- 
ceive weak signals in the presence of strong 
ones. 

Making the changes 
Figure 5 shows the areas affected in a typi- 

cal general coverage transceiver. 
Changing diodes in equipment is a rela- 

tively simple operation providing that care is 
exercised in removing and reinstalling the 
boards, and that proper tools are used for re- 
moving the old and installing the new di- 
odes. Because of the mechanical variations 
in rigs, I can't assume responsibility for your 
implementation. Once you obtain the proper 
PIN diodes, use the general steps in the fol- 
lowing paragraphs when performing the 
modifications. 

First, study your receiver schematic di- 
agram carefully to identify the diodes of in- 
terest before beginning. Typically, in Japa- 
nese radios these will be 1SS53 PN-junction, 
silicon switching diodes. A service manual 
will usually help in understanding the 
circuits. 

You don't have to replace all diodes in the 
radio to realize some improvement. If you 

Figure 4. Forward bias current versus RF-on resist- 
ance for three types of PIN diodes. Only 10 mA is re- 
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quired to provide 8 ohms on-resistance for the HP 
5082-3080. This PIN diode is ideal for front end appli- 
cations in general coverage transceivers. 

I 

wish. you can modify just the bands of inter- 
est. Additional diodes can be added later if 
you find the modification useful. Some ra- 
dios use two different banks of filters in the 
front end-one for the ham bands and one 
for the general coverage. 

You can replace all of the diodes in both 
banks, or only those for the ham bands, de- 
pending on your requirements. If you aren't 
sure of what you want, just replace one filt- 
er, preferably in a busy band, so you can tell 
the difference. You can change the rest later. 

Don't confuse the front-end filters with 
the high power output lowpass filters which 
are usually switched with heavy duty relays, 
or with the IF filters which usually follow the 
mixers and are also diode switched. 

When replacing the diodes, I recommend 
that you use a 12 to 30 watt chisel-tip solder- 
ing iron equipped with a three-wire cord and 
a grounded tip. You can also use a soldering 
iron isolated through a transformer. Older 
irons may have 117 volts on the tip and may 
cause electrical damage on contact. 
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Figure 5. Suboctave filters and diode switching implementation in the ICOM IC 725. This is typical of most general coverage transceivers. 

Use only 60/40 rosin core solder, never 
acid core solder. Also, use solder wick rather 
than a solder sucker when performing the 
changes. The latter tends to destroy circuits. 

Locate the board which contains the front- 
end filters. To do so, look for several repeti- 
tive circuits switched by similar diodes elec- 
trically located in front of the first mixer 

(typically a balanced JFET circuit). Refer to 
the schematic in Figure 5 as an aid in finding 
the board. Once you've identified the board, 
locate the filters and diodes of interest. 

Carefully remove all of the connectors 
from the board. Make sure each connector is 
labeled, so you can restore the wiring to its 
original path after the change. 
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Next, unscrew all holding screws and care- 
fully remove the board from the rig. Move 
the board to a static free area, making sure 
you've taken the grounding precautions 
mentioned earlier. If possible ground your 
body and all of the tools that you'll be using. 

Turn board with the solder side exposed to 
you. With the help of a light, locate and 
mark a11 the solder diode points to be de- 
soldered. You can use a permanent magic 
marker to write on the solder points for easi- 
er identification. 

Carefully apply the hot soldering iron 
through the solder wick to the points to be 
desoldered. The solder should be absorbed 
by the wick within seconds. Make sure the 
leads of the old diode have been detached 
from the foil and will play freely in the holes. 

Repeat this process for all other points. 
When you're finished, turn the component 
side of the board toward you and carefully 
remove desoldered diodes with a small pair- 
of pliers or tweezers. Repeat the above steps 
if you can't remove the diodes easily. 

Noting polarity, insert the replacement 
HP 5082-3080 PIN diodes. Bend the leads a 
little on the opposite side. Cut any excess 
leads. 

Turning to the trace side of the board once 
again, solder the new diodes in place. Cut 
any excess wire. 

Check all the new solder connections, and 
reinsert the board into the rig. Replace all 
the screws which hold the board in position. 
Finally, reinsert all the connectors. This 
should complete the change. If you had 
steady hands, and replaced the right diodes, 
you'll be rewarded with a considerable im- 
provement in the dynamic range of your rig. 

Conclusion 
This article disc~ssed, in some detail, why 

PIN diodes perform better than PN-junction 
and Schottky diodes for switching front-end 
filters in general coverage transceivers and 

receivers. I did not present the mathematics 
describing the processes of intermodulation 
distortion in order to keep the work as prac- 
tical as possible. For those interested in the 
theory, several references which go into ad- 
ditional detail about the process of using di- 
odes in RF switches and attenuators are list- 
ed in the bibliography. 

I have also discussed procedures for im- 
plementing PIN diode switching in present 
equipment. 
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quency/detector counter for use in two-way at $99 each in unit qualities. An optional 
radio, ham radio, frequency monitoring, NiCad battery pack is available for $29. 
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Model 2300 features full eight-place readout 5821 NE 14th Avenue, Fort Lauderdale, 
resolution, 10-mV sensitivity for signal de- FIorida 33334. 
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Peter 0. Taylor 
AAVSO Solar Division 
P.O. Box 5685 
Athens, Georgia 30604-5685 

SPECIAL COLUMN 

THE SOLAR SPECTRUM 

So many of you enjoyed our special sunspot 
report- "Outlining June's Strong Solar 
Flare Activity, " and its companion article, 
"Recording Solar Flares Indirectly, "-in 
the summer 1991 issue that we asked author 
Peter Taylor, chairman of AA VSO's Solar 
Division, to give us a quarterly update on 
solar activity. Here's his first installment. Ed. 

his is the first of my columns for 
Communications Quarterly, a for- 
mat which ~rovides a welcome OD- 

portunity to join in'the exploration of our 
mutual interests. My intent is to share infor- 
mation about various kinds of solar activi- 
ties with readers, emphasizing those which 
are the source of the terrestrial effects which 
influence us all. Hopefully in the process, I'll 
learn more about the ways that these condi- 
tions affect radio amateurs, while describing 
some of the Sun's features that I find so 
fascinating. 

Variations in solar phenomena 
A majority of the solar phenomena which 

disrupt the Earth's environment vary with 
the solar cycle, so let's take a quick look at 
where we are in that respect. Then we can 
cast a predictive eye towards what might be 
expected to occur in this regard during the 
next several months. I hasten to add that 
"might" is an appropriate qualifier in this 
case. Precise predictions of future solar ac- 
tivity are difficult at best, and frequently re- 
turn to haunt the forecaster. 1'11 try to stay 
away from these. 

There are many ways to assess the prog- 
ress of a solar cycle. Among the more popu- 
lar are the relative sunspot number, the solar 
10.7 centimeter radio flux, the Sun's x-ray 
index, and the numbers of solar flares. These 
activities are usually monitored on a daily 
basis and the results averaged or summed 
over some convenient interval, like a month 

or year. These data, in turn, are often sub- 
jected to a mathematical smoothing process 
which allows the trend of the index to be 
more clearly defined. 

Unfortunately, the indices don't necessari- 
ly rise and fall at exactly the same times, and 
it's not uncommon for one to reach its great- 
est amplitude much earlier or later than an- 
other. For example, the radio flux curve for 
cycles 18 and 19 peaked at about the same 
time as the spot-maximum.' However, flux 
rates for cycles 20 and 21 peaked a year or so 
afterwards, and the more recently devised 
solar x-ray index attained its highest value 
two years after the sunspot maximum of 
cycle 21." 

How can this apparent contradiction be 
explained? One explanation may be that 
while all of these indices measure the solar 
cycle, each monitors a somewhat different 
aspect of it. Thus, while it's true that a cycle 
is generally described in terms of its sunspot 
number, no one index should be thought to 
have more value than another. Figure 1 
shows how several indices have performed 
thus far during cycle 22. It's extremely likely 
that this cycle reached its peak smoothed 
sunspot number in July 1989, marking the 
shortest rise from minimum for any record- 
ed cycle-less than three years-but also 
contributing to its reputation as a rather un- 
usual cycle. 

One interesting characteristic of the sun- 
spot cycle is that even-numbered cycles tend 
to have shallower maxima than the cycles 
which bracket them. More importantly for 
our purposes, even cycles almost always ex- 
hibit extended maxima-a property which 
may provide us with a clue of things to 
come. 

The greatest flares usually erupt several 
years after a cycle's spot-maximum when the 
more magnetically complex spot groups also 
emerge. Long-lived coronal holes, which are 
strongly related to recurrent geomagnetic 
storms, also form at this time. As a result, 
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Figure 1. The performance of several solar activity indices thus far during solar cycle 22. Solar radio flux and 
sunspot numbers (SSN) are smoothed monthly-mean values. Grouped and M-X flare indices are monthly totals. 
(Grouped flares are the actual number of flares recorded during each month. Class M-X flares are strong X- 
ray events.) 

Photo A. The intense flare shown in this series of photographs taken at the National Solar Obsewatory-Sacra- 
mento Peak, reached maximum at about 19:12 UT. Note the enormous ejection of dark material into the solar 
atmosphere in the frame taken at 22:20 UT. 
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Figure 2. The yearly sunspot number and Ap* index from 1951 to 1991.5 and 1989, respectively. Note that these 
large geomagnetic storms tend to reach a peak sometime after the maximum sunspot number. Triangles repre- 
sent ground-level proton events (data may be incomplete after 1986). 

it's reasonable to expect intervals of en- 
hanced activity to occur through 1992 and 
even into 1993. A slow decline to a cycle 
minimum sometime in late 1996 or 1997 
should begin shortly thereafter. 

Recent occurrences 
The last several months have produced 

some of the most intense flares and highest 

daily sunspot numbers of this cycle, al- 
though some periods of relatively low activi- 
ty have also taken place. As would be expect- 
ed, the terrestrial environment has not al- 
ways escaped the consequences of these 
events. In fact, the level of geomagnetic ac- 
tivity between late March and this fall-the 
number of days at major storm levels or 
above-has been the greatest in over thirty 
years. A smattering of flares have been ex- 
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tremely powerful; a few actually spawned 
bursts of energy which equaled the energy 
consumed by humans throughout their 
history. 

Photo A is a portion of a remarkable 
series of photographs that detail the eruption 
of an intense flare and huge ejection of 
material into the solar atmosphere. Amaz- 
ingly, the cloud of matter released in the 
frame taken at 22:20 Universal Time dwarfs 
the Earth several times over. Small wonder 
that the combination of flare-generated ra- 
diation and shock-wave in the solar wind 
which accompanies many of these events 
causes such dramatic effects on the Earth's 
magnetic field and atmosphere! 

The large magnetic storms which fre- 
quently occur as a result of eruptions on the 
Sun and variations in the density of its at- 
mosphere (that is, coronal holes) often attain 
their maximum amplitudes over intervals 
which span more than one day. As a result, it 
can be difficult to tell if mid-range values on 
adjacent days actually reflect a single storm 
with a much higher disturbance level just by 
examining the standard three-hourly or daily 
magnetic index. 

The Ap* index 
In 1978, NOAA's Chief of Solar-Terres- 

trial Physics, Joe H.  Allen, sought to mini- 
mize this obstacle by devising a new way to 
gauge these events. He called it the Ap* in- 
dex. This measurement, which is derived by 
smoothing the "equivalent amplitude" 
three-hourly ap values, attempts to define 
each storm separately. Judging by this stand- 
ard, more than 1000 such storms occurred 
between 1932 and 1989 (see Figure 2). 

According to researchers at the National 
Geophysical Data Center in Boulder, Color- 
ado, applications of the Ap* index include 
comparisons with spacecraft anomalies, 
communications problems, weather and 
climate relations, and possible biophysical 
interactions. Furthermore, the strong tend- 
ency for geomagnetic storms to occur around 
the spring and fall equinoxes may provide a 
partial explanation for the relatively soft ter- 
restrial effects of June's extraordinarily in- 
tense flare activity. The seasonal nature of 
this relationship is shown in Figure 3. 

The genesis of many large magnetic storms 
is often signaled by a phenomenon which 
can play havoc with ground and satellite 
communications. Since shortly after the end 
of World War 11, it has been known that the 
Sun has the ability to accelerate particles 
with an energy sufficient to penetrate to the 
Earth's atmosphere. However, because they 
are relatively rare at the Earth's surface, 
these events have only been routineIy ob- 
served since the advent of a strong satellite 
technology in the 1960s. 

The arrival of these particles at the Earth 
was originally called a solar cosmic ray 
event, because their presence was first de- 
tected with ionization chambers. However, 
the means to detect them has changed and 
become far more sophisticated in the ensuing 
years, requiring a more definitive terminolo- 
gy. Thus, satellite-level proton events are 
those which are detected by the extremely 
sensitive monitors aboard spacecraft, and 
ground-level events are those recorded at the 
Earth's surface. The definition for a polar 
cap absorption was extended in the 1950s to 
include proton events which are felt particu- 
larly in the polar ionosphere. 

Studies have shown4 that more than 200 
such incidents have reached event threshold 
(energies greater than 10 MeV) during the 
last thirty five or forty years. However, only 
a conlparative handful (about 15 percent) 
have had a degree of energy sufficient to ai- 
low their penetration to ground level. 

This same research indicates that no real 
pattern of occurrence can be determined in 
these data other than a very general correla- 
tion with the solar cycle itself (Figure 2). 
Consequently, ground level and other pro- 
ton events are one more offshoot of the 
Sun's activity which continues to be difficult 
to  foresee, and both inconvenient and po- 
tentially costly to experience. Perhaps Ein- 
stein had complications such as these in 
mind when he remarked, "I never think of 
the future. It comes soon enough." 
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John R. True, N4BA 
Reprinted from Ham Radio, May 1975 

HOW TO DESIGN 
SHUNT-FEED 

SYSTEMS FOR 
GROUNDED 

VERTICAL RADIATORS 
A graphical design system for using 

your tower system as a shunt-fed 
vertical antenna 

Fifteen years ago, this article triggered a use- 
ful round of vertical antenna development. 
At this point in the solar cycle (nominally 22 
years), the Maximum Usable Frequency 
(MUF) is going down again. This means re- 
newed interest in lower-band DX. DX re- 
quires low angle radiation. Therefore, the 
economically limited amateur usually ends 
up experimenting with vertical antennas. 
We hope you enjoy this look back and the 
implementation notes by Hunter Harris, 
WISI. Ed. 

ertical antennas have several advan- 
tages over horizontal dipoles on the 
lower amateur bands, especially in 

those cases where the dipole cannot be raised 
at least one-half wavelength above ground. 
An earlier article showed how to use a 
54-foot tower, top loaded with a quad or 
Yagi, as a grounded vertical radiator on 40 
and 80 meters.' However, to properly design 
the shunt-feed matching system for these 
two lower bands a good quality impedance 
bridge was required. Once the complex input 

impedance had been determined, a graphical 
method was used to calculate the compon- 
ents required to match that impedance to a 
50-ohm transmission line.' 

This antenna system generated a great deal 
of interest, but since few amateurs have ac- 
cess to an RX impedance bridge, they were 
unable to use this technique to adapt their 
own towers for use on the lower amateur 
bands. For this reason, I decided to make a 
series of measurements which would be used 
to generate a set of graphs which would sim- 
plify the design of shunt-fed vertical radia- 
tors. These graphs are presented in this article. 

First, a series of antenna tests were con- 
ducted by scale modeling to determine the 
electrical height of towers which are 
capacitance loaded by a typical Yagi beam or 
cubical quad. Further tests were conducted 
to determine how long the gamma-type 
shunt feed rod had to be to permit the use of 
a practical L-network for matching to 
50-ohm coaxial cable. 

All tests were made with an aluminum- 
tubing gamma rod about 1 inch outside 
diameter, spaced 10 + 2 inches from one leg 
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Figure 1. System for using a tower as a shunt-fed 
grounded vertical radiator on 40,80, or 160 meters. 

of the tower. This size was chosen for max- 
imum physical and electrical stability, as well 
as high conductivity. The resultant design 
curves show the electrical height of the 
tower, required gamma rod length, and 
series capacitance, C,  required to cancel the 
inductive reactance of the gamma rod. The 
parallel matching capacitance, C,, is also 
given (Figure 1). The series and parallel 

capacitors should both be air variables, so 
the matching system can be adjusted to pro- 
vide as low VSWR as possible. 

Using the curves 
The graph of Figure 2 shows the relation- 

ship of physical height to electrical height of 
a thin wire (calculated from 234/f,,,), 
measured electrical height of a 1-1 /2 inch 
diameter conductor (which coincides very 
closely with the predicted electrical height of 
a thin conductor), and a tower 1 to 2 feet in 
cross section, top loaded with a Yagi or 
cubical quad. If you wish to use your present 
tower as a vertical antenna for the lower 
bands, you can determine its electrical height 
from the data presented in Figure 2. 

The data in Figure 3 is for use on the 
amateur 7-MHz band and shows the length 
of the gamma rod and required series 
capacitance for towers up to 90 feet high 
(about 3/4 wavelength on 40 meters). 
Towers which are taller than this will pro- 
duce a large lobe of high-angle radiation that 
reduces the radiation at lower vertical 
angles. Some shorter towers may actually be 
shorter, physically, than the recommended 
gamma rod; in that case more parallel 
capacitance will be required to match the 
system to 50 ohms. Figure 4 shows the same 
type of data for the 80-meter band (towers 
higher than 180 feet exhibit the large, high- 
angle lobe). 

The data in Figure 5 is for use on the 
160-meter band. Note that a tower which has 
an electrical height of 90 feet, requires a 
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Figure 2. Physical versus electrical height of towers top loaded with Yagi beams or cubical quads. 
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I ELECTRICAL HEIGHT (METERS) I 

I ELECTRICAL HEIGHT (FEET1 I 
L I 
Figure 3. A 40-meter vertical. Gamma rod length and series capacitance versus electrical height of tower. Hecom- 
mended parallel capacitance to match 50-ohm transinksion lines is 3Xl pF (at least 100 pF of which should be variable). 

gamma rod which is 60 feet long. Since a 
43-foot tower with a Yagi represents an elec- 
trical height near 90 feet, a 60-foot gamma 
rod is obviously an impossibility. The use of 
a shorter gamma rod and more parallel 
capacitance may provide a match to 50 
ohms, but in this case an RF bridge and 
graphical solution will save a lot of time.' 

Note that for towers with electrical heights 
near 53 and 70 feet, a gamma rod approx- 
imately 20 feet long will provide operation 

on both 80 and 40 meters (the rod is about a 
quarter-wavelength long on 80 meters, one- 
half wavelength long on 40). For operation 
on both 80 and 160 meters, a similar coin- 
cidence occurs for towers which are elec- 
trically near 110 and 135 feet high. In this 
case, a gamma rod approximately 40 feet 
long will provide operation on both bands. 
In either of these dual-band systems, ad- 
justments of the parallel tuning capacitor, 
C,, will compensate for differences from the 

Figure 4. An 80-meter vertical. Gamma rod length and series capacitance versus electrical height of tower. Recom- 
mended parallel capacitance to match 50-ohm transmission lines is 650 pF (at least half should be variable). 
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Figure 5. A 160-meter vertical. Gamma rod length and series capacitance versus electrical height of tower. Parallel 
capacitance required to match 50-ohm transmission lines is approximately 1300 pF. 

specified gamma rod length. 
The electrical height of towers higher than 

120 feet can be extrapolated by adding about 
35 feet for a three-element 20-meter Yagi 
with a quarter-wavelength boom. Add about 
45 feet of electrical height for a multi-ele- 
ment beam like the Hy-Gain TH6DXX. A 
two-element 40-meter beam adds 50 to 60 
feet. Although cubical quads add about 25 
feet, multi-element quad designs add little 
more because the elements are well away from 
the top of the tower and insulated from it. 

The ideal matching network for this an- 
tenna system would use two vacuum-vari- 
able capacitors. These capacitors are not 
seriously affected by humidity or changes in 
barometric pressure, and they can be con- 
nected to small geared motors so they can be 
controlled remotely from the operating posi- 
tion. A 300-pF vacuum variable rated at 
7500 volts, and a 1000-pF vacuum variable 
with a 2000 volt rating should handle prac- 
tically any legal amateur transmitter with 
low VSWR. 

A remote-control system that I have used . . . -.. A - .  ror several years is shown in Keference I. ~ t ' s  . . . . .  . . . ,  - .  ... 
D--,..,- &L- , ---r ,- , ,  ,C rL, ,A,:-, 

ODV~OUSIY a lot easler to remotely control tne 
D C L d u b ~  L~~~ I C~ILL~LLLC U L  LUG 3N I C ~  matching system from your hamshack than 

capacitor, C,, is quite large except in it is 10 traipse out to the backyard in snow, cases where the tower is approximately a 
quarter-wavelength high,-this capacitor 
should have a breakdown rating of about 
1000 volts for transmitters up to about 200 
watts output. For transmitter powers of 2000 
watts, this capacitor should have a 
breakdown rating of 5000 volts or more. 

The parallel matching capacitor, C,, does 
not require such a high voltage rating unless 
excessively high VSWR is expected at full 
power. For a 200-watt transmitter, an old 
style BC capacitor with 700 to 1000 pF max- 
imum should work nicely. For 2000 watts 
PEP, the parallel capacitor should have a 
rating of 1500 volts minimum with current- 
carrying capacity of seven amperes. 

Where large capacitance values are recom- 
mended, it is suggested that at least half be 
variable with the rest made up with fixed 
padding. Note that both the stator and rotor 
of the series capacitor must be isolated from Figure 6. Construction of the shunt-feed system for grounded vertical 
ground. radirrton. The spacers are made from PVC water pipe. 

L 
l " ( 2 5 m m )  

HOSE CLAMP 
( 2  REQ'D) 

TOWER 
BOTH SIDES OF 
PVC SPACER 

TOWER LEG 
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sleet, and rain each time you want to shift 
your operating frequency. 

Construction 
A typical gamma rod installation is shown 

in Figure 6. On my vertical antenna, the 
gamma rod is mounted with PVC insulators 
spaced about 10 feet apart. The insulators 
are made from 1-inch diameter PVC water 
pipe. The movable shorting bar is made 
from the same material as the gamma rod. 

To attach the PVC insulators to the gam- 
ma rod, first notch the ends so one end fits 
around one leg of your tower, the other end 
around the gamma rod. Then cut half-inch 
long slits on each side of the PVC pipe, 
about 1-inch in from each end (see Figure 6). 
Stainless-steel hose clamps are run through 
the slits in the PVC pipe and around the ver- 
tical member. 

If you wish, the same tower may be used 

on more than one lower-frequency band- 
simply install gamma rods on more than one 
leg of the tower. You can use separate 
capacitance matching systems or remotely 
controlled vacuum-variables, depending on 
your operating requirements. A vertical 
tower antenna system which I use successful- 
ly on both 40 and 80 meters is described in 
Reference 1. 

Ground requirements 
Remember that the vertical element is only 

one-half of a vertical antenna system-the 
vertical element must operate against a good 
ground plane or the ground losses will be so 
high that the antenna performs poorly. The 
so-called ideal ground system consists of 120 
equally spaced, quarter-wavelength radials, 
but even such an elaborate ground plane as 
this still introduces 2 ohms of series loss 
resistance into the total radiation resistance. 

SOME COMMENTS ON IMPLEN rlON 
In terms of theory, there's little to add to  

John True's article. He discusses 160.80, 
and 40-meter operation. Many amateur tow- 
er mounted Yagis aren't easily converted in- 
to efficient 40-meter verticals because they 
are electrically too long. However, they can 
be made very effective on 160 and 80 meters. 
I hope the implementation hints and concep- 
tual observations which follow will permit a 
better appreciation of True's article. 

An efficient vertical radiator for 
80 and 160 meters 

Photo A shows a fifty-foot tower with a 
Yagi and the two feeds that transform it into 
an efficient vertical radiator for 80 and 160 
meters. The shorter feed design for 80 meters 
is faithful to True's article. For 160 meters, a 
larger spacing performed better and war- 
rants further discussion. 

The theory for shunt-fed antennas is com- 
plicated by practical geometries, so the True 
method of measuring the driving point im- 
pedance is a practical and semi-empirical ap- 
proach. True visualized the antenna as a 
gamma-matched radiator. Viewing it as a 
folded monopole permits a better apprecia- 
tion of its potential for increased driving- 
point impedance and broader bandwidth. 

The traditional vertical is a half dipole 
where the missing half is an image below 
ground. The image doesn't really exist, but it 
is an analytical device that solves the elec- 

Photo A. A 50-foot tower with a Yagi and the two 
feeds that transform it into an efficient vertical radia- 
tor for 80 and 160 meters. 

tromagnetic field boundary conditions along 
the surface. Field computations above the 
surface give the right answers. The driving- 
point impedance is half that of a full dipole. 
A folded monopole is one side of a folded 
dipole mounted vertically over a good 
ground. The image concept still applies. The 



Since short vertical antennas are character- 
ized by relatively low radiation resistance, 
ground resistance is higher, proportionately, 
than it is with vertical elements which are a 
quarter-wavelength or more. A complete dis- 
cussion of ground system requirements is 
contained in Reference 4. For more informa- 
tion on short vertical antennas, consult the 
excellent series of articles by WZFMI. J.67~* 

The tower which you use to support your 
higher frequency antennas can easily be used 
as a practical antenna system for 40,80, and 
160 meters. The graphs presented here will 
help you to design the necessary shunt- 
matching system, but note that since condi- 
tions vary from one location to another, 
some adjustments will be necessary to obtain 
a low VSWR. However, with an SWR bridge 
installed near the base of the vertical (very 
short leads), alternately adjust the series and 
parallel tuning capacitors until the reflected 
power approaches zero. If the amount of 
parallel capacitance for low VSWR seems 

excessive, make the gamma rod slightly 
longer. 

The setting of the series capacitor is rather 
critical because reactance changes sharply 
near zero so it may take several tries before 
you can get the capacitor set exactly right. 
However, with a good ground system, the 
shunt-fed grounded tower can provide a very 
efficient antenna system for relatively little 
cost. 
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intrinsically higher driving-point impedance these folded monopole SWR curves are for a 
of the folded dipole is halved in the folded single setting of the tuning capacitor. The 
monopole configuration, but it's still much low SWR portion of the curve can be moved 
higher than that of the traditional vertical. easily over the entire band using the remote 
This is a good beginning for more efficient tuning feature. I tuned the folded monopole 
vertical antennas. A folded monopole is to the center frequency of existing station 
nothing more than a shunt-fed vertical. dipoles, which were at fixed frequencies, and 

In Photo A, the vertical folded monopole then made comparisons. 
concept is more evident with the larger 160- True's implementation used two motor- 
meter feed. The side-mounted conductor ex- driven capacitors for the matching network 
tends virtually the entire length of the tower. connected to a single feed. My implementa- 
It is electrically connected to the tower and tion needed only one motor-driven capacitor 
the Yagi ground at the top. It's insulator per feed. During integration it's wise to use 
isolated at all other points. Because this par- two variable capacitors for experimentation. 
ticular tower folds down, there's a copper If the power is kept low, simple receiver- 
braid hinge for the feed at the fold point. grade components can be used temporarily. 

I decided on the larger spacing for 160 Photo B shows the homebrew 80-meter 
meters after reading a review of the folded matching unit. Figure 2 is the circuit sche- 
dipole and monopole.' The published litera- 
ture suggested possibilities for further in- 
creasing the driving-point impedance via 
spacing and the relative size of the two verti- 
cal members. To realize this, I used a 1-inch 
feed line and the varied the spacing around 
four to five feet. The best spacing was not a 
strong function, but five feet was definitely 
better than the smaller spacings seen in many 
publications, including the True article. 

Superimposed measured plots of the 160 
and 80-meter verticals and a horizontal di- 
pole's SWR versus frequency plot are given 
in Figures 1A and B. The folded monopole 
bandwidth is much broader than that of a 
simple horizontal dipole. Please note that Photo R. 1 he hamebrew 80 :hinp: unit. 
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Figure 1A. 160-meter SWR comparison. 
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Figure 1B. 10-meter SWR comparison. 

matic. This tuning unit could hed be- True describes. It's driven by a reversible 
tween the two feed lines. I usea two separate 12-volts DC gear motor. The motor is con- 
tuners because parts were available and the trolled by reversing the polarity of DC 
tuning ranges could be better optimized for superimposed with the RF drive. The control 
each band. A single switched remote power signal is isolated by RF chokes and capaci- 
supply is used selectively for either feed line tors. Many popular remote switching units 
tuner. A dedicated coax feed for each band use this methodology. These tuners are sim- 
goes back to the operating position. ple to build. The Heath unit I used, came af 

The series capacitor must be motor driven. ter the fact; unfortunately, it is no longer 
Both sides of the capacitor must be hi! available. The only real construction prob- 
voltage isolated from ground. For the lem I experienced was in providing some 
meter feed, I reduced an old National ventilation for drying, draining condensa- 
pFd capacitor to a little over 100 pFd LJ 16- tion, and keetlin~, out nesting wasps. The 
moving plates. The :ing is impor- output reral tho1 
tant to withstand thi : voltages which insulati 
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All isolation and tuning capacitors must he feed h Atage on it during 
be rated for very high RF currents (5 + ~smission. rnysical contact with it could 
amps). High voltage transmitter-grade micas inr~ict an RF burn. The bottom of both feeds 
or wide-spaced variables are preferred. The was encased in PVC tubing. This is a lossy 
160-meter tuner uses a Heath remotely con- dielectric, so only use it where it's necessary. 
trolled capacitor that I picked up as a half- Good electrical connections are important. 
price discontinued item. It has an approxi- Just clamping alumint oget her won't 
mately 450-pFd variable capacitor with an provide sufficient pro1 om time and 
acceptable voltage rating. The tuning range weather. Bolt or screw pieces 
from 1.8 MHz to 2.0 MHz requires only together and protect the jolnts with tape. 
about one half of this capacitance range. For The top of each feed is connected to the 
160 meters, a discrete parallel capacitor was tower with a heavy supplementary copper 
required. It is 1000 pFd and is housed in a wire using solder lugs and galvanized wire 
mini-box that feeds the Heath uni. e clamps. Use the same tect con- 

No parallel capacitor was requil the Yagi ground to the tow 
80-meter implementation. At 160 :et to provide a service loop icls 
ters, the feed was 1/6 or 1/3-wavelength ot tor Yagi rotation. 
RG-8 coaxial feed. I realize that the com- As with all vertical antennas, .re 
plete validity of a transmission-line concept important. Put in as many qua1 
may be questionable for such a short line. radials at 80 and 160 meters as ~ U U  cart. In- 
However, one could reason it as a discrete sulated hook held tight to the 
circuit equivalent. A 100-foot feed with a ground with iirpins" made of 
shunt capacitance of about 30 pFd per foot welding rod 1 . After a few weeks 
represents a sizable parallel capacitance. The during the growing season, everything will 
required additional parallel capacitance can disappear under the turf. 
be found with a little experimentation. For 
the geometry used, a single fixed-value capa- Tuning 
citor sufficed. I chose zero for 80 meters and 
1000 pFd at 160 meters. The cable shunt ca- Tuning is easy. It's best to us 
pacitance is the same for both bands. bridge or one of the newer SWF )rs. 

OPERATING TUNER 
POSl TlON 

TRANSCEIVER HIGH CURRENT 
I 

TRANSMITTING MICA I 
(TYPICALLY 0 D l )  
FOR OC ISOLATION 

RFC 

REVERSIBLE POLARITY lZVDC REVER+SIBLE 

12VOS SUPPLY 
GEAR MOTOR 
15 RPM RECOMMENDED 

*EDMUND SCIENTIFIC ( P H I L .  PA) 
HAS A WIDE VARIETY OF 
INEXPENSIVE GEAR MOTORS 
WITH A GOO0 TORQUE CAPABILITY 

.. 
Figure 2. Circuit schematic. 
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This minimizes interference. As a last resort, you listen comparatively to  increasingly 
key the transmitter and activate the motor longer range stations, the vertical will show 
control to minimize reflected power. At the its superiority. Turning on your transmitter 
160-meter band edges, the worst SWR is 1.3 will make you aconvert. 
after tuning. For most of the 160-meter The lower bands have a lot of atmospheric 
band, the highest SWR was 1.0. This is a noise, especially in the summer. Supplemen- 
consequence of using a single value parallel tary Beverage receive-only antennas can 
capacitor on 160 meters. A motor-driven help. At any time, noise is less of a problem 
parallel capacitor would be a small but ques- for RTTY/AMTOR enthusiasts. It's puz- 
tionable improvement. For the 80-meter zling why there aren't more of these signals 
band edges, the maximum SWR was 1.0 af- on 160 meters. These particular digital 
ter tuning. I used some padding capacitors to modes have a bit processing advantage over 
exactly center the 80-meter band series capa- SSB or packet, and they cause less interfer- 
citor tuning. These are visible in Photo B. ence to the user community. 

A few final words Hunter Harris, W ~ S I  
Communications Quarterly 

Operationally, this is a long-range anten- Editorial Review Board 
na. For local ragchewing, a horizontal dipole 

the ground work better because ~ ~ ~ s ~ ~ ~ J m i k . A n r c n n o E n ~ i n e r i n ~ H m d b w . . - Y u U ~ . J i t i ~ n ,  
of its almost vertical angle of radiation. As M ~ c ; ~ . , w - H ~ I I .  1984. 

PRODUCT INFORMATION 
Sensitivity is specified at better than 1 mV 

for signals up to 200 MHz, and better than 
10 mV for signals for up to 2400 MHz. The 
unit is operable up to and beyond 3000 MHz. 

Input antennas or lab probes connect to 
either of two pushbutton-selectable BNC 
connectors, providing either high input im- 
pedance (1 meg) for signals up to 50 MHz, or 
standard 50 ohms input impedance for sig- 
nals from 1 MHz to 3000 MHz and beyond. 

The Model 2810's time base is a 10-MHz 
crystal oscillator. Options include a + 2 
PPM temperature-compensated crystal os- 
cillator, second NiCad battery pack, and 
LCD backlight. 

For more information on the Model 28 10 
frequency counter, contact Optoelectronics 
Inc., 5821 NE 14th Avenue, Fort Lauder- 

Frequency Counter Has 1 mV Sensitivity dale, Florida, 33334. 
Optoelectronics Inc. has a new frequency 

counter with full-range operation, 1 mV sen- Service Equipment Catalog Available 
sitivity, and resolution to display 10 Hz in 3 The new 1991 Electrical/HVAC-R Service 
GHz. Equipment Catalog is now available from 

The Model 2810 frequency counter detects John Fluke Mfg. Co., Inc. The 15-page cata- 
frequencies up to 200 MHz and resolves log features information on Fluke multime- 
them to 1 Hz in 1 second. Frequencies up to ters, thermometers, and accessories for the 
900 MHz are resolved to 1 Hz and displayed electrical service industry. 
in 4 seconds. Frequencies up to 3 GHz are re- The catalog is available free of charge 
solved to 10 Hz and displayed in 1.6 seconds. from electrical wholesalers nationwide. For 
A front panel selector switch lets you choose further information write to John Fluke 
four different gate times (0.01 second, 0.1 Mfg. Co., Inc., P.O. Box 9090, Everett, 
second, 1 .O second, and 10 seconds). Washington 98206, or call (800)44-FLUKE. 
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Bryan Bergeron, NUlN 
30 Gardner Road, Apt. 1G 

Brookline, Massachusetts 02 146 

A COMPUTER-BASED 
SIGNAL 
MONITORING 
SYSTEM 
Puttina the Commodore-64 to work a s  
an a&log-signal monitor and recorder 

he measurement, categorization, 
and logging of the various signals in- 
volved in communications are im- 

portant aspects of amateur radio. Most of us 
wouldn't think of operating a station 
without adequate instrumentation for deter- 
mining received signal strength, transmitter 
output power and VSWR, or power-supply 
current and voltage. And all of us, at one 
time or another, have wished for some 
means of logging these values automatically. 
An automatic logging system would certain- 
ly come in handy during a contest, in the 
midst of a complex OSCAR link, or when at- 
tempting to diagnose a piece of communica- 
tions gear. Here's how the analog-to-digital 
conversion hardware in an inexpensive 
microcomputer, the Commodore-64, can be 
used as a general-purpose analog signal 
monitor and recorder. 

Introduction 
Amateur radio, at least from an opera- 

tional perspective, is about signals-signal 
generation, detection, measurement, manip- 
ulation, and logging. In most cases, we work 
directly with the transceivers, test equip- 
ment, and other hardware involved with the 
signals in question. But in many circum- 
stances, it would be desirable to delegate 
some of this signal-handling work to an in- 
telligent assistant, like a microcomputer. 

When contesting, it would be a great time 
saver to have a microcomputer measure and 
record the signal strengths (along with the 
time, etc.) of stations worked. It would also 
be helpful to have an automated alarm sys- 
tem to warn of such problems as excessive 
plate current in the final amplifier, or ex- 
cessive VSWR in the antenna system. In 
some situations, microcomputer-based sig- 
nal monitors may be the only means avail- 
able for acquiring certain data. For example, 
tracking radio beacons on a minute-by-min- 
Ute and day-to-day basis would be an insur- 
mountable task for a human operator. 

F'or these and other reasons, microproces- 
sor-based signal monitoring is a desirable 
feature to have as part of any amateur sta- 
tion. However, despite the great flexibility of 
general-purpose, digital microcomputer sys- 
tems, they are typically ill-equipped to han- 
dle analog signals. But the incompatibility 
between the analog and digital representa- 
tions of data need not be an insurmountable 
problem. A wide variety of analog data cap- 
ture systems for microcomputers are avail- 
able. 

The better microcomputer-based data ac- 
quisition systems, sold as multi-channel 
analog-to-digital (A-to-D) converters or 
digitizers, can cost far more than a modern 
HF transceiver. Luckily, you can purchase 
single-channel, low resolution A-to-D con- 
verters for the Apple Macintosh, Tandy, and 
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Figure I .  Amplitude (x-axis) versus time (horizontal 
axis) tracings that illustrate the trade-offs associated 
with A-to-D conversion. (A)The original analog 
signal. Note the smooth transitions in signal 
amplitude. (B)A digitized version of the original 
signal, with a sample rate of one arbitrary time unit. 
Note the abrupt changes in amplitude with time. 
(C)The digitized waveform with a sample rate of two 
time units. This waveform bears little resemblance to 
the original analog signal, especially when the higher 
frequencies are compared. (D)This digitized 
waveform illustrating the effects of clipping. In this 
example, the dynamic range of the original analog 
signal exceeds that of the digitizer (the dynamic range 
of the digitizer is indicated by the dashed lines). Note 
the distortion caused by clipping, even though the 
original waveform was digitized at a sample rate of 
one arbitrary time unit. 

IBM-PC computers.* If you prefer the 
home-brew approach, you can build your 
own without much effort. ' While these rela- 
tively inexpensive microcomputer peripher- 
als may be appropriate for digitizing audio 
signals, there's a better approach for low- 
frequency audio (less than 100 Hz) and DC. 
Many of the inexpensive microcomputers, 

-- - 

*For the Macintosh try "MacRecorder," Fallon Computing. Berkeley, 
California. For Tandy and IBM-PC computers contact Covox, Inc., 575-D 
Conger Street, Eugene. Oregon. 

such as the Commodore-64, come factory- 
equipped with simple but effective A-to-D 
conversion circuitry. But before I consider 
the specifics of the C-64, a brief discussion 
of A-to-D conversion is in order. 

A-to-D conversion techniques 
Of the wide variety of techniques available 

for analog-to-digital signal conversion, the 
most common include parallel encoding, 
successive approximation, voltage-to.-fre- 
quency conversion, and single-slope integra- 
tion.' Each of these basic techniques has its 
own advantages and limitations. For exam- 
ple, the technique of parallel encoding, in 
which a signal is fed simultaneously to a 
bank of comparators, each connected to 
equally spaced reference voltages, is the 
fastest conversion technique available. It's 
also the most expensive, at several hundred 
dollars per converter. 

The popular successive approximation 
technique, while prone to nonlinearities, is 
relatively fast, accurate, and inexpensive. 
This technique makes use of a digital-to- 
analog converter to generate a voltage that's 
sent to a comparator circuit. When the com- 
parator output is zero, signifying that the D- 
to-A converter output voltage is the same as 
the voltage to be digitized, the digital value 
input to the D-to-A converter is taken to be 
the digitized value of the unknown voltage. 

Voltage-to-frequency techniques rely on 
the input voltage to control the frequency of 
a pulse train, with frequency proportional to 
input voltage. The output frequency is then 
measured to determine the input voltage. 
This method, while only moderately ac- 
curate, is very inexpensive. 

Single-slope integration techniques, while 
not very accurate, offer good resolution and 
a very simple design. In this technique, a 
ramp generator is started at the same time as 
a timer circuit. When the unknown voltage 
level is equal to that of the ramp generator, a 
comparator circuit stops the ramp and timer. 
The timer value is proportional to the input 
voltage. 

A-to-D conversion limitations 
Regardless of the digitization technique 

used, you should keep three limitations of A- 
to-D conversion in mind: the sampling fre- 
quency of the digitizer, quantization noise, 
and the dynamic range of the digitizer sys- 
tem. I'll describe these limitations in more 
detail. 
.Sampling frequency. A typical analog 
waveform will change in amplitude, frequen- 
cy, and shape over time (Figure 1A). To 
store such a signal in a digital computer, dig- 



Figure 2. A simplified diagram of a single channel of the basic D-to-A conversion 
hardware on the C-64 motherboard. A 1000-pF capacitor (Cl) is repetitively 
charged through a variable resistance (Rl )  and discharged by the equivalent of a 
switch (Sl)  in the SID chip. The maximum voltage across capacitor C1 is inversely 
proportional to the variable resistor (Rl) value. The multiplexer chip switches be- 
tween two external resistance connections to provide an additional channel of data 
input (switch S2 simulates this switching, which is synchronized with switch Sl) .  A 
second pin on the SID chip similarly supports two additional data input channels. 

itizers take samples of the waveform at even- 
ly spaced intervals and store these amplitude 
values in memory (Figure 1B). If the signal is 
sampled often enough, the waveform can be 
reconstructed from the samples (as in a digi- 
tal-to-analog converter). If the signal is 
sampled too slowly, it will be impossible to 
reconstruct the original analog signal (Figure 
1C). The Nyquist criterion states that the 
minimum sampling frequency is at least 
twice that of the signal to be sampled. Note 
that the Nyquist criterion assumes a perfect 
system. In reality, the sampling frequency 
should be three or four times the highest fre- 
quency to be digitized.' 

When the sample rate is less than double 
the signal frequency, the reconstructed sig- 
nal will have a lower frequency than the orig- 
inal. The higher frequencies in the original 
signal appear as lower frequencies in the 
reconstructed signal-a phenomenon known 
as aliasing (see Figure 1C for an example). 
Aliasing can be a significant source of noise 
in A-to-D conversion. One way to avoid 
aliasing is to use a low-pass filter that cuts 
out frequencies greater than half of the 
sampling rate. 
*Quantization noise. Most of the inexpen- 
sive digitizer systems convert analog data to 
an 8-bit format. That is, the sound ampli- 
tude is restricted to a range of integers from 
0 to 255. Smooth waves, even when digitized 
at high sampling rates, become jagged (Fig- 
ure 1B). The effect is to introduce "quan- 
tization noise" in the digitized waveform. 

Quantization noise sounds like the high fre- 
quency hiss in a cassette deck without Dolby. 
It's possible to minimize quantization noise 
by using a 12 or 16-bit digitizer, coupled with 
modifications in the computer system's 
hardware and software. 
*Dynamic range. Restricting the representa- 
tion of the signal amplitude to integers bet- 
ween 0 and 255 limits the dynamic range (the 
difference between the largest and smallest 
signal that can be recorded) of the digitized 
signal. With an 8-bit system, the dynamic 
range approaches 48 dB. Signals that fall 
outside the dynamic range of a digitizer are 
simply clipped (see Figure ID). Clipping can 
be avoided by restricting the dynamic range 
of the analog signal to be digitized. 

A-to-D conversion with the C-64 
The Commodore-64 A-to-D conversion 

circuitry, set up to implement a variant of 
the single-slope integration technique, is 
contained within the 658 1 sound interface 
device (SID) chip. While mainly concerned 
with sound generation and modulation, this 
chip contains two A-to-D potentiometer in- 
terfaces.' These interfaces are provided for 
use with game paddles and as front-panel 
controls for a music synthesizer. Each poten- 
tiometer interface allows the microprocessor 
to read 8-bit values from 0 (minimum 
resistance) to 255 (maximum resistance). The 
value is always valid, and is updated every 
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Figure 3. A simplified view of how the C-64 accomplishes D-to-A conversion. Assuming switch S1 
closes momentarily every arbitrary time unit, the voltage across C1 (V,,, will be inversely propor- 
tional to the value of variable resistor R1. Circuitry within the SID chip converts the maximum 
voltage value to an equivalent digital value, presumably through a variant of single-slope integration. 

1 5v 

VOUT 

512 system clock cycles (nominally 1 .O MHz). 
The A-to-D conversion processes support- 

ed by the SID chip are based on the rate of 
charge of a 1000-pF capacitor tied from a 
pin on the SID chip to ground (Figure 2). In 
normal operation, the capacitor is charged 
through a 200-k potentiometer tied to 5 volts 
DC. Every 512 clock cycles, or about 2000 
times per second, the voltage across the 
capacitor is read and the capacitor is dis- 
charged. In this simple RC circuit, the max- 
imum voltage across the capacitor during 
each cycle is inversely proportional to the 
resistance of the potentiometer (Figure 3). A 
separate potentiometer and capacitor are re- 
quired for each of the two A-to-D converters 
supported by the SID chip. 

To provide simultaneous support for two 
players, or two game-paddle pairs, the A-to- 
D converter pins of the SID chip are con- 
nected to the two control ports of the C-64 
through a 4066 multiplexer chip (Figure 2). 
The 4066 rapidly switches connections be- 
tween the two control ports and the SID 
chip. The switching rate is precisely timed so 
that the SID chip knows which of the control 
ports it's connected to at any given instant. 
Because each of the A-to-D converters with- 
in the SID chip are active every 5 12 clock 
cycles, each control port is effectively sam- 
pled only every 512 x 2, or 1024 clock 
cycles, or about 1000 times per second. This 
limitation, imposed by the C-64 hardware, 
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represents the maximum possible sampling 
frequency. As described in the next section, 
the actual sampling frequency is normally 
limited to about 100 Hz due to non-hard- 
ware factors; for example, software execu- 
tion speed. 

The hardware 

TlME -------* 

To use the basic A-to-D conversion cir- 
cuitry within the C-64, you need some means 
of transforming the analog voltage to be 
monitored into a resistive equivalent. The 
simplest approach would be to use the ana- 
log voltage to bias a transistor that's used in 
place of a game-paddle potentiometer. Al- 
though this configuration might be sufficient 
for some applications, it would be inade- 
quate if equipment isolation were a concern, 
or if the voltage source couldn't supply the 
required current. For example, if the signal 
to be monitored is taken from the back of a 
panel meter, you wouldn't want the current 
through the meter to change as a result of 
shunting current through the transistor 
circuit. 

A better approach is to use an operational 
amplifier together with an optocoupIer (Fig- 
ure 4). The operational amplifier provides a 
high-input impedance, and therefore re- 
quires negligible current from the signal 
source, while the optocoupler provides 
equipment-computer isolation. The opto- 
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coupler not only minimizes the possibility of 
intra-equipment interaction due, for exam- 
ple, to the coupling of input and output sig- 
nals sent to the same digitizer, but it also 
minimizes the coupling of computer signals 
into your communications equipment, and 
vice versa. The optocoupler also protects 
your computer against voltage spikes, high- 
voltage signals, and other disruptions that 
could destroy the computer hardware. It's 
much easier to replace an inexpensive opto- 
coupler than it is to replace the CPU. 

I have included a parts list for the two- 
channel system described in Figure 4. All of 
the components, with the exception of the 
custom circuit board, can be purchased from 
Radio Shack. The individual components of 
the system are described in more detail in the 
sections which follow. 

Operational amplifier 
The op amp used in this project, the 

TL092 (RS part no. 276-1746), is a dual N- 
FET device that has a very high input impe- 
dance (10" ohms). This inexpensive op amp 
has an added benefit of requiring only one 
supply. As Figure 4 shows, the TL092 is used 
as a transconductance amplifier, or voltage- 
to-current converter. Using the top half of 
Figure 4 as a reference, the output voltage of 
each half of U1 (pin 1) and the LED current 

are related to the input voltage, Vi,, by the 
following equation: 

V ow = [V," (R2 + LED + R3)]lR3 (1) 

and 

' LED = V ow/(R2 + LED 0 + R3) (2) 

Without the op amp, the optocoupler re- 
quires considerable current from the signal 
source for operation (Figure 5). With the op 
amp, the current requirements are for the 
most part due exclusively to the I-meg resis- 
tor across the non-inverting input of the op 
amp. Although not strictly required for cir- 
cuit operation, I found that without the 
1-meg resistor, the op amp became unstable 
with no input signal. For a very good in- 
troduction to op amp fundamentals, see 
Reference 4. 

Optocoupler 
LED/phototransistor pairs, like the 

TIL- I 1 1 and the Monsanto MCA-2, typical- 
ly provide several kilovolts of isolation, 1012 
ohms of insulation resistance, and less than 1 
pF of coupling between input and ~ u t p u t . ~  
You can purchase an assortment of op- 
tocouplers from Radio Shack (RS part no. 
276-1654) for about two dollars. Included in 

Figure 4. The schematic for a two-channel voltage-to-resistance converter for the C-64 (or other 
computer system that accepts resistive input devices). The resistors are rated at 1/4 watt, 5 percent 
tolerance. R1 and R4 are 1 meg, and the remaining resistors are 1 k. U l  is a TL092 op amp, and U2 
and U3 are TIL-Ill optocouplers. C1 is a 0.1-pF bypass capacitor. 
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Figure 5. Input voltage and current versus digitized or paddle value for the TIL-I11 optocoupler. The data were obtained by 
bypassing the op-amp input described in Figure 4 and driving the LED directly. The operational range of the optocoupler is 
only a few tenths of a volt, and current drain from the source can be considerable. 

- 

Figure 6. Input voltage and current versus digitized or paddle value for the complete voltage-to-resistance converter described 
in Figure 4. Notice that, compared to Figure 5, the operational range of the system has increased dramatically. The best input 
voltage range extends from about 1 to 3 volts, corresponding to digitized or paddle values from 35 to 250. The input-signal cur- 
rent requirements of the system are minimal, on the order of 0.002 mA. 
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Figure 7. Circuit board artwork (foil side) for the volt- 
age-to-resistance converter. 

this assortment is the TIL-111, with an in- 
frared emitting diode rated at 1.7 volts and 
20 mA maximum. The isolation voltage is 
1500 volts and the typical response time is 20 
ks-more than adequate for our purposes. 

As you can see in Figure 4, the phototran- 
sistor output takes the place of the game 
paddles in the C-64 system. The output of 
the TL092 drives the LED, which in turn 
modulates the conductance of the photo- 
transistor. Figure 6 shows the relationship 
between LED voltage/current and the pad- 
dle values read by the C-64. The base of the 
phototransistor isn't used in this circuit. 

PC board 
Although you can use perfboard or 

generic IC boards available from Radio 
Shack and other sources, I have included the 
artwork for a custom printed circuit board 
for this project (Figure 7). This board makes 
for a nice, compact unit (Figure 8) that can 
be installed in your communications gear or 
used as a stand-alone device. Because each 
board will handle two input signals, you'll 
need two circuit boards (and two of each 
item listed in the parts list, with the excep- 

tion of the power-supply components) to 
support four channels. 

Cable 
The easiest way to connect the coupler cir- 

cuit i o your C-64 is to use the six-foot 
joystick extension cable from Radio Shack. 
Simply cut off the connector designed to 
mate with the joystick, and use the wires at- 
tached to pins 5,7,  and 9 (Figure 9) to con- 
nect to the paddle inputs of the C-64 control 
ports. Although I have only used a handful 
of these cables, the color code seems to 
follow this standard: pin 5 (paddle AY or 
BY) is green, pin 7 (5 volts DC) is grey, and 
pin 9 (paddle AX or BX) is black. 

The software 
The BASIC code in Listing 1 illustrates the 

procedure for reading the resistive values 
connected to the control ports. This routine 
simply reads the values from each of the four 
paddles and displays them on the screen. 
Because the resistive values on the C-64 
aren't reliable when read from BASIC alone, 
the best way to use the A-to-D circuitry is to 
SYS to a machine language routine from 
BASIC and then PEEK the appropriate 
memory locations. The PEEK function 
returns an integer in the range of 0 to 255, 
which is read from the specified memory lo- 
cation. 

In practice, you'd modify Listing 1 to suit 
your particular needs. Instead of printing the 
resistive values, you might want to move a 
sprite or other graphic element across the 
screen, with its position a function of two or 
three resistive values. Power input to an 
amplifier could be displayed by measuring 
the input voltage and current, and then com- 
puting and displaying their product on the 
screen. It's also possible to modify the listing 
to accumulate multiple measurements, per- 

9v 
GND 

VIN(I) 
1 K 

1 MEG 

Figure 8. Component placement for the voltage-to-resistance converter. Note 
that U1 and U2 share a 16-pin DIP socket. 
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Figure 9. Control port 1 of the Commodore-64. Pins 5 (paddle AY), 9 
(paddle AX), and 7 (5 volts DC) are used in !he D-lo-A converter 
system. A second port on the Commodore, control port 2, provides 
two additional input channels, also through pins 5 (paddle BY), 9 
(paddle BX), and 7 (5 volts DC). 

100 REM READ C-64 CONTROL PORT PADDLES 
110 REM DEFINE START OF PADDLE ROUTINE 
120 C=12 '4096  
130 REM READ IN MACHINE LANGUAGE DATA 
140 F O R I = O T O 6 3  
150 READ A 
160 POKE C + I, A 
170 NEXT 
180 REM CALL MACHINE LANGUAGE ROUTINE 
190 SYSC 
200 REM PRlNT PADDLE VALUES 
210 PRlNT "POT #1= ",PEEK(C+257) 
220 PRlNT "POT #2= ",PEEK(C+258) 
230 PRlNT "POT #3= ",PEEK(C+259) 
240 PRlNT "POT #4= ",PEEK(C-t260) 
250 REM WAIT A WHILE 
260 FOR W = 1 TO 50 
270 NEXT 
280 REM CLEAR SCREEN AND GO HOME 
290 PRlNT "a": PRINT: GOT0 190 
300 REM 
310 REM MACHINE LANGUAGE DATA 
320 DATA 162, 1, 120, 173,2,220, 141,0, 193 
330 DATA 169, 192, 141,2, 220, 169,128, 141 
340 DATA 0,220, 160, 128,234,136, 16,252 
350 DATA 173,25,212, 157,1,193, 173,26 
360 DATA212, 157,3,193, 173,0,220,9,128 
370 DATA 141,5, 193, 169,64,%02, 16,222 
380 DATA 173, 1,220, 141,6, 193,88,96 

Listing 1. A BASIC listing for the C-64 to display paddle values in an 
endless loop. After each resistive value is read (line 190) and displayed 
(lines 210 to 240) on the screen, the routine waits for about a second 
(lines 260 to 270) before clearing the screen (line 290) and repeating the 
process. 

haps for averaging or plotting at a later time. 
For example, if you want to store a series of 
values, you could use the code in Listing 2. 
In this routine, 100 D-to-A conversions are 
performed in rapid succession, and the resul- 
ting resistive values are stored in Array A. 
The data in the array could be used to plot a 
waveform, as the basis for computation, or 
simply saved to disk for future use. 

You might have noticed that in Listing 2, 
unlike Listing 1, there's no WAIT state im- 
posed on the routine after each read. In- 
stead, the main read loop, lines 160 to 190, is 
optimized for speed. (Actually, the main 
Ioop could be further optimized, for exam- 
ple, by removing the REM statement and 
linking the entire loop onto a single line). 
Even so, Listing 2 provides only 73 samples 
per second. Based on the Nyquist criterion, 
the frequency of the signal to be measured 
by this routine shouldn't exceed 73/2 or 36 
Hz. Extending Listing 2 to record the re- 
maining three control ports results in each 
resistive value being sampled at about 105 
Hz, with a corresponding maximum fre- 
quency of 105/2 or 53 Hz. The seemingly 
paradoxical increase in sampling frequency, 
as a function of increasing the number of re- 
sistance values sampled, indicates that the 
overhead imposed by the looping routine is 
significant. 

If your application requires an increased 
sampling frequency, you can probably real- 
ize a two-fold improvement by using a BAS- 
IC compiler, like BLITZ. If you want to ap- 
proach the hardware limit of the C-64 (about 
1000 samples per second), you'll have to  
make extensive use of low-level ASSEM- 
BLER routines. 

Use and calibration 
After assembling the interface circuit I've 

described, your first step is to calibrate the 
system. That is, you will need to determine, 
for every analog signal value, the corres- 
ponding digitized value. Calibration is a sim- 
ple task requiring only a battery or other 
low-voltage DC source, a potentiometer, 
and an accurate, high-impedance volt meter 
(Figure 10). With the voltage-to-resistance 
interface hardware in place, and the pro- 
gram in Listing 1 running on your computer, 
vary the input voltage to the op amp circuit, 
and record the resulting digitized value dis- 
played on the computer screen. Next, graph 
the relationship between input voltage and 
digitized value (as in Figure 6). In this man- 
ner, you can create a calibration graph for 
each channel of your system. 

You'll notice that the useful dynamic 
range displayed in the calibration graph of 
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Figure 6 is less than that of the basic poten- 
ti6meter circuit; that is, from about 35 to 
250, instead of 0 to 255. Below a paddle 
value of 35, large changes in input voltage 
are required for small changes in digitized 
values. 

With the calibration graph in hand, your 
next step is to determine what it is you want 
to measure with the system (signal strength, 
plate voltage, etc.), and to provide an ap- 
propriate sample of the signal to the compu- 
ter interface. For instance, if you plan to 
monitor a 24-volts DC signal, you'll need a 
voltage-divider circuit, much like the circuit 
used to calibrate your system (Figure lo), to 
provide an appropriate signal sample. 

Adjust the voltage divider (a high-resis- 
tance potentiometer) so the range of voltages 
to be measured falls within a useful area on 
your calibration graph-from 50 to 150, for 
example-with the nominal voltage cor- 
responding to a digitized value of 100. Based 
on the calibration graph in Figure 6, this 
would correspond to an input voltage of 2.5 
volts at a digitized value of 50, I .5 volts at 
100, and 1.1 volts at 150. Assuming a linear 
voltage divider circuit like the one in Figure 
10, the source voltages corresponding to 
digitized values 50, 100, and 150 would be 
39, 24, and 18 volts, respectively. Each digi- 
tal increment or change in paddle value 
would represent roughly 0.2 volt. 

Because the arbitrary paddle values are of 
little merit in and of themselves, you must 
translate them into meaningful terms. This 
task is handled easily in software. In the 
preceding illustration, a digitized value of 
100 corresponds to a voltage source of 24 
volts DC. In your BASIC program, simply 
add the statement: 

voltage = (255 - PV) I 6.5 (3) 

where PV is the value returned by a PEEK 
into the appropriate memory location for the 
paddle value in question (Listing 1). PV is 
first subtracted from 255, the full range of 
the digitized value, to invert the normal-volt- 
age/digitized-value relationship. That is, 
with increasing signal voltage, the equivalent 
resistive value decreases. In Equation 3, 6.5 
was found by solving the following equa- 
tion: 
voltage = 
(255 -paddle value with voltage input) 1 k (4) 

and 

100 REM READ ONE C-64 CONTROL PORT 
110 REM PADDLE INTO ARRAY "A" 
120 DIM A(100): C = 12 ' 4096 
130 REM READ MACHINE LANGUAGE DATA 
140 FOR I = 0 TO 63 :READ A :POKE C + I, A :NEXT 
150 REM PUT NEXT 100 PADDLE #1 VALUES INTO A 
160 F O R I = I T 0 1 0 0  
170 SYSC :REM CALL ML ROUTINE 
180 A(I) = PEEK(C+257) 
190 NEXT 
200 REM PRlNT ARRAY VALUES 
210 F O R I = l  TO100 
220 PRlNT "POSITION ", I, " = ", A(/) 
230 PRlNT 
240 NEXT 
250 REM 
260 REM MACHINE LANGUAGE DATA 
270 DATA162,1, 120,173,2,220, 141,0,193 
280 DATA169,192,141,2,220,169,128,141 
290 DATA 0,220, 160, 128,234,136, 16,252 
300 DATA 173,25,212, 157,1, 193, 173,26 
310 DATA212,157,3,193,173,0,220,9,128 
320 DATA 141,5, 193, 169,64,202, 16,222 
330 DATA 173, 1, 220, 141, 6, 193, 88, 96 

Listing 2. A BASIC listing for the C-64 to store sequential resistive 
values of a single paddle in an array. Digitized values, once stored 
(line 180), are printed on the screen (lines 210 to 240). The values 
could have also been manipulated and displayed in other formats, for 
example, graphed, or simply saved to disk. 

Remember that we assigned a paddle value 
of 100 to an input of 24 volts. Had we cen- 
tered 24 volts at a resistive value of 1 50, then 
K would have been: 

For most applications, this calibration 
technique should suffice. However, in situa- 
tions where greater accuracy is required, you 
should try to use the most linear part of the 
calibration curve; that is, from 100 to 200 in 
Figure 6 .  You can also correct for the slight 
nonlinearity of the system with program- 
ming. For instance, with nonlinearity correc- 

100 REM READ IBM GAME CONTROL ADAPTER 
110 CLS 
120 LOCATE 1 , I  
130 PRlNT "POT #1 = "; STICK(0) 
140 PRlNT "POT #2 = "; STICK(1) 
150 PRlNT "POT #3 = "; STICK(2) 
160 PRlNT "POT #4 = "; STICK(3) 
170 GOT0 120 

Listing 3. A BASIC listing for the IBM-PC to display resistive values 
in an endless loop, similar to the C-64 code in Listing 2. This code 
assumes that the game control adapter has been installed in the PC, 
and that the voltage-to-resistance converter described for the C-64 is 
in place. 
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those produced on the C-64 system, opera- 
tion should be similar in all other respects. 

Summary 
For about $15 in parts, a half-hour of pro- 

gramming, and a little ingenuity, you can ex- 
tend your microcomputer's capabilities to 
include automated signal monitoring. The 
uses of such a system are limited mainly by 
your imagination. The signal sources can be 

Figure 10. The calibration circuit for use with the volt- varied as your communications 
age-to-resistance converter. ~1 is a 10 to 100-k poten- Once the signals have been digitized and cap- 
tiometer. For the voltmeter (V). you should use a DVM tured by Your computer, You can store, ma- 
or other high-impedance instrument. nipulate, and display them in a variety of 

ways. Enjoy! W 

tions, the preceding BASIC statement might 
appear as: 

voltage = 
kl * ((255 -paddle value with voltage 

input) l k) - k2 (5) 

where kl and k2 are appropriately defined 
constants. For those not mathematically in- 
clined, there are a variety of programs avail- 
able to help determine these constants. You 
can also use the trial and error approach. 

Alternative computer systems 
Computer-based monitoring need not be 

limited to the C-64. If you have an IBM-PC 
system, a game control adapter will support 
four resistive inputs. This card fits into one 
of the expansion slots, and the game control 
interface cable attaches to the rear of the 
adapter. 

A BASIC program that reads the game 
control adapter card on t.he IBM-PC, equiv- 
alent to the listing for the C-64, is provided 
in Listing 3. Note that the STICK(0) 
retrieves a11 four paddle-input values, in ad- 
dition to returning the value for the first 
paddle. STICK(0) must therefore be called 
repeatedly, in a manner analogous to the 
SYSC call in Listing 1 for the C-64. 

The voltage-to-resistance interface hard- 
ware described for the C-64 should work, 
without modification, for the IBM game 
control adapter. Although your calibration 
curves will probably vary somewhat from 
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Art of Elecfronics, Cambridge University Press. Cambridge, 
Massachusetts. 1980. 

PARTS LIST 

CAPACITORS 
CI 0.1-pF, 30-volt ceramic disk capacitor 

(forpo wer supply bypass) 

RESISTORS 
RI, R4 I-meg, 1/4-watt resistor, 5 percent 

tolerance 
R2, R3, 
R5,R6 I-k, 1/4-watt resistor, 5 percent tolerance 

INTEGRATED CIRCUITS 
UI TL092 N-FETdual op amp (RSpart no. 

276-1 746) 
U2, U3 TIL-I11 optoisolator (RSpart no. 

276-139) 

MISCELLANEOUS 
BI 9-volt alkaline battery 
SI SPST micro switch 
Battery clip, 9 volt (RSpart no. 270-325) 
DIP socket (1 6pin) 
DIP socket (8pin) 
Dual IC board (RSpart no. 276-159) orpc board in 
Figure 7 
Joystick extension cable (RSpart no. 270-1 705) 
LED (optional) 
OptionalJ-k, 1/4- watt resistor for LED 
Plastic project box (RSpart no. 270-221) 
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I ATV CONVERTERS HF LINEAR AMPLIFIERS ) - 
01SCWfR THE WORLD 01 H I  AMPLI*IIIS-MOTOROLA O U w  

FAST SCAN pmp1.l. P.?, Lml lor HF Arnp1lll.r. D.acr1b.d 

In In. MOlOROLA Iluii.ion. - 
AN758 Yaw ,160 70 A R W  300W 'E: --MUC3, lm - 
AN762 laow '93 25 €1183 1MW 
~ N ~ O L  mw '83 7e E B Z ~ A  JCOW v-rn CwS*CqOr-m "' 'I .. - 
AN779H 2OW '93 19 E R I M  W W  '371 05 W. .lr . l r b  H r d - 1 . - W ~  

JJCU AR113 M W  '403M 

NfWll  I K  WATT I - Y U U s ~  cuir crr¶-rl*/rrc - MtTALCLAD MICA CAPS-UI*O./w 
COWER SCLITTERI r l C W B I Y R R S  

I f  POWER TRANSISTORS 

I-1wn. 
M I N I - C I R C U I T  M I X f R S  

................... A T V ~  410-410 G*S-,~T s 40 n r~ u W.~I PCP I-~d 
A ~ V I  WI-911 {Gds-rETl::::::::, sees K* 1- wdt PIP 2 - ~ m  .................... 1200 Welt PEP 4-Pon 

.......... 
. .  a-bd HI  TI...^.- 

1 .,t ....................... .......... D n.u NM KEOII-prdrhl 
....... .................... 

LOW Pass Flllors 

15 w.tt M.U 1751 ......-".. IIII.*SKM ~i8.1-PC (PC 04) lor Harmonica (Up to 3 0 W  ........................... A r r w *  n u r rdltrtd K E O ~ ? - I  (~.ul) lorn. 15m. M m  80m a 18ck 

161'41 A7f i . f f iM  F A X  1 5 1 1 1 A 7 4  9H11 

u CQ'S BOOKSTORE 
19Q2 EQUIPMENT BUYERS GUIM 1991 A I W A  BUYERS GUIDE 
Ft&upWa~o.CcqWekl;ngdo&mntr*sllablefmm LodjnObrdrlawinmmnw? IhdhmmindwCO 
k v m  and -W d - m .  lndudr An~ennc WR W. C n d  M d W. Dmdud 
Rbaaduuwona  pC.hdpMhrrnradbpada tn~ormaMm d d ~ w ~ t ~ f W r s c b m & B ~ d d f h  
rnndsco Es~rq d add- and W@mm nudmn 01991 mdmron md IW~IS Ge4 your's now and ~n 
0 COEOPW !hftbarnd UJS plrmngtu anma pqaa of991 

0 C Q A N T 9 l  Sd(boundYJ5 

Call TOLL FREE 
Plnso anclou $4 W US mul. S5.W UPS brown 

(800) 457-7373 cons HR atmmom G ~ ~ I I ,  NH o w  
(803) 878 1441 FAX (603) 878 1951 

HIGH-ACCURACY 
ANTENNASOFTWARE 

MN 4.0 IS the fastest, most powerlul, and most accurate 
MlNlNEC antenna-analvsls Drooram ava~lable MN cor- 
reas fundamental problkms ;n t6e MlNlNEC algor~lhm for 
~morovedaccuracv MN features 3 -0  vlewsof antennaoe- 
o6etrv and wlre hrrents. presentat~on-qual~ty polar grid 
rectangular plots, automatlc wlre segmenlat,ori. automatlc 
freauencv sweeo. svmbol~c d men5:ons. smn-effect mod. 
e l ~ n j ,  ne&-field 'ca~du~at~on for TVI and RF-hazard anaty- 
sls, up to 254 pulses tor complex models, s~mple deflntt~on 
of sources and loads, and pop-up menus. MN 4.0. $85. 
MNC 4.0 (1.6-2.4 llmes faster, coprocessor required). 
$1 10. MNH 4.0 (huge-model option). $25. 

YO 4.0 automaticallv ootimizes Yaal antennas for maxi- 
mum forward galn, besi pattern, and mlnlmum SWR. YO 
handles deslans from HF to microwave. YO models 
stacked Yag~< Yagtsover ground, skin-effed.dual drlven- 
elements. element taoenno. mount~na olates. and match- 
in networks. YO ru& hundredsol t 6ies la& than MIN- 
IN%C YO 1s callbrared lo NEC for h gn accuracy and 113s 
b w n  extens~velv val~dntedaaalnst renlantennas. YO IS n- 
tu~t~ve, h~ghly gia hical. and fun to use YO 4.0, $100. 
YOC 4.0 (1.7-2.7 ttmes faster. coprocessor required). 
$1 30. 

NEC; For Yegls 1.0 provides highest-accura analysis of 
Yag~ designs with the profess~onal-standaz Numerical 
Electromagnetics Code. NEC For Yagls 1.0, $50. 
Coprocessor, hard d~sk, and 640K memory requ~red. 

MN and YO come w~ th  comprehensive antenna-design 
I.brar~es and include both coDrocessor and extra-fast no- 
coprocessor versions. All programs include extenstve 
documentation and an eas to use, full-screen text ed~tor. 
Add fi%CA.$5overseas. 6 l ~ k .  Mastercard. U.S check. 
cash. or money order. For IBM PC. 3.5" or 5.25" d~sk 

Brian Beezley. KGSTI. 507-1 12Taylor.Vista.CA92084 
(6 19) 945-9824.0700-1 800 Pacific Time 

I GET THE ATV BUG I 
I- Transceiver 

Only $329 I 
with 50 Watt 
D26 Amp $539 

from over 25years 
in ATV...WGORG 

I ~ i h  our all in one box TC70-ld, ATV Transceiver, 
Iyou can easily transmit and receive live action color 
and sound video just like broadcast TV. Use any 
home TV camera or VCR by plugging the composite 
video and audio into the front VHS 10 pin or rear 
phono jacks. Add 70cm antenna, coax, 13.8 Vdc and 
N set and you are on the air - it's that easy! 
TC70-ld has 1.5 Watt p.e.p. with one xtal on 439.25,434.0 
or 426.25 MHz & properly matches Mirage D15. D26, 
0100 amps for 15,50. or 70 Watts. Hot GaAsfet downcon- 
verter varicap tunes whole 420-450 MHz band to your TV 
ch3. Shielded cabinet 7~7~2.5" .  Req. 13.8 VDC @ .5A 
Transmitters sold only to licensed amateurs, for legal purposes, 
verified in the latest Callbook or send copy of new license. 
Call or write now for our complete A N  catalog 
including downconverters, transmitters, linear amps, 
and antennas for the 400,900 & 1200 MHz bands. 
(81 8) 447-4565 m-t 8amb:30pm pst. Vim, MC, COD 
P.C. ELECTRONICS lorn (W~ORG) 

1 2522-CY Pexson Ln Arcadia CA 91007 Mayann (WB6YSS) 

your personel computer. 
Selecl~on of HF NAFAX. 

Q uorum introdurn the tint 
totally rntegrated system 

/*- 
e ( for the reception of weather 

, satellite images dlrectlv on 

I .I a o-:-tc GOES WEFAX, GOESTAP, 
e METEOSAT. NOAA and wi METEOR APT (including 

satellite downlink frequency 
selection) are made under 
complete program control 
from your PC keyhuard. 

The easy to learn and use 
Menu driven program allow 
you to cnpture.store. retrieve, 

I *, \ / \ A  A view and print images with a 

Weather Satel 
111 Images and Charts 11 

few simple keystrokes. Im- 
ages can he mlorized from a 
palette of up 10262.1M10mlon 
when using a VGA display. 

System configurations 
capa:>le of NAFAX reception 
start at $399.(10 while fully 
apahle systems can he con- 
figured for S 15(W)toSZ(KKI.OO. 
providing professional 

-, 

on your PC 
with Quorum's 

Totally Integrated 

11 quality at low prices. 

Far complete information 
and a Demo Disk. call or 

11 Quorum Communications. 

and Affordable Inc.. ~ m o  S. Main st. Suite 4 
Grapevine. T X  76051 (817) 

Weather Facsimile 488-1nhl. Or. download a 
demo from our Bulletin 

I QUORUM COMMUNlCATlONS 
I " 
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System ba rd  by calling (817) 421- 
0228 using 24M1 baud. 8 data 
hits and No parity. 



DMM + LCR Meter 
Most Versatile DMM 

Inductance: 1pH - 40H 

1 Hz - 20 MHz 

Frequency: 1Hz - 4MHz 

Logic test: 20MHz :LA C: l p F  - 20pF 

, .I" . l C l .  2000 MQ 

Continuity beeper 

Volt, current, ohm ,-. .- la tinuity 

3999 count display 6 LED, d i o r a ,  ~ F E  
'--'Z . " 

$4, -, -,- 

Appli- 
MODEL cation 

XF-9A SSB 
XF-98 SSB 
XF-96-01 LSB 
XF-96-02 US0 
XF-90-10 SSB 
XF-9C AM 
XF-9D AM 
XF-9E F M 
XF-9M CW 
XF-9NB CW 
XF-9P CW 
XF-910 IF noise 

Band- 
width Poles 

2.4 kHz 5 
2.4 kHz 8 
2.4 kHz 8 
2.4 kHz 8 
2.4 kHz 10 
3.75 k ~ z  8 
5.0 kHz 8 

12.0 kHz 8 
500 Hz 4 
500Hz 8 
250Hz 8 
15kHZ 2 

Price 

XF-107A 12 kHz $105.00 
XF-1070 15 kHz 135.00 
XF-107C 30 kHz 105.00 
XF-1070 36 kHz 120.00 
XF-107E 40 kHz 125.00 
XF-107S139 100 kHz 175.00 

I Wri te  for  fu l l  detal ls o f  crystals and filters. 
Shlpplng: $8.00 Shlpplng: FOB Concord. MA 

Prices subject to change without notice. I 

Advanced Antenna ANTENNA TUNER COAX 
Close-Out Special rimes U I P - ~ ~  1 Program 1 1 5 139.00 ~ ! t , . ~ t c M r m ~ ~ ~ ~ v ~ ~  

- -  

I 
F a d  to learn and easy to use. ELNEC lets you 
analyze nearly any type of antenna In Its actual 
owratlna environment. Descrlbe your antenna moisture, smGghl, and cono- 

with ELNEC's unlque menu structure and s i r m k ~ d  h r t  d*)rlby& he@, radsnsoth or nML 
spreadsheet-like entry system and watch It Whb IP-8, yabnvepro~nHafrr.Iof notur*'s *ImsntsI.oding to 
generate azlmuth and elevation plots, report evntud  Mw* of 8 t h  RG cmx. tkarkol specs ond dimisions ma 
beamwidth, fronuback ratlo, takeoff angle, gain, compadh to 8 t h  RG8 cobla, with less loss. Il's fleriblr tool 

and more. Save and recall antenna flles. Print 
plots on your dot-matrix or laser prlnter 

35 C per foot (plw shipping) 

ELNEC uses the full power, versatlllly. and 
accuracy of MlNlNEC computlng code whlle 
maklng antenna descrlption, analysls, and 
changes worlds easler. Wlth ELNEC there's no 
messing with "pulses" - just tell It where on a wlre 
you want a source or load to go, and ELNEC puts 
It there. And k e e E  It there, even If you change 
the antenna. Interested In phased arrays? ELNEC 
has true current s - o m s  for accurate analysls. 

ELNEC runs on  any PC-compatible computer wlth 
at least 360k RAM. CGbVEGAiVGAIHercules. and 
819 or 24 pin Epson-compatible or HP LaserJeU 
DeskJet prlnter. Two versions are available, 
optimized tor use wlth and without e coprocessor. 

There's no copy-protection hassle wlth ELNEC - 
It's not copy protected. And of course there's 
extensive documentatlon. 

ELNEC Is a terrlfic value for only 549.00 poslpaid. 
(Please add $3.00 for alrrnall outside N. America.) 
VISA and Mestehard orders are accepted - 
please include card number and explratlon date. 
Speclfy coprocessor or noncoprocessor verslon. 
Order or wrlfe for more lnformatlon from: 

Rov Lewallen. W7EL 

Available Now! In the USA, send $3 
for your copy via First Class Mail. DX 
please send $5 for Airmail. Payment 
is refundable with your first $25 
catalog purchase. Offer explres 3/92 
- - -- - - -- 

TEN-TEC AEA B&W SGC SPIER COLLINS 
PARTS TEN TEC ENCLOSURES DIODES PACKET 
RADIO SYSTEMS FINGER STOCK MICROWAVE 
COMPONENTS TOROIDS RF RF RF 
CONNECTORS, ANY KIND, LrnRALLY MECHANICAL 
FILTERS RELAYS INDUCTORS SEMICONDUC- 
TORS TEST EQUIPMENT M OSClLlATORS 
RESISTORS TRANSFORMERS SWlTCHES 
POTENTIOMETERS METERS VACUUM RELAYS 
VACUUM CAPACITORS TRANSMlTnNG COMPO- 
NENTS POWER SUPPLY PARTS CABLE WIRE 
ANTENNA, MAGNET, HIGH VOLTAGE, HOOK-UP 
TUBES FEED THRUS COMFUTER PARTS TRIMMER 
CAPS ANTENNAS EM1 FILTERS CORDS A 
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ComTek ACB-4 

Phased Array Switch 
ComTek makes phased vertical 

arrays EASY. Now anyone can have 
a vertical array that REALLY works! 
On 160M or 80M or 40M or even 20 
meters. Hear what you've been 
missing. Get gain AND front-to-back 
at the throw of a switch-in FOUR 
directions. 
The ACB4 Phased Array Switch.. . . 
1) Provides the correct phasing and cur- 

rent split for 4 elements 4 SQUARE. 
or-2 element arrays. 

2) Covers the whole band, both phone & 
CW. 

3) Use with M4 verticals, ground-planes, 
etc. 

4) Handles >5 KW 
5) Only $295 complete. You need only 

provide antennas and coax. 
Dealer Inquiries Invited 

ComTek 
1 Cider Mill Ln. l Upton, MA 01568 

(508) 529-341 6 

DOWN EAST MICROWAVE 

MICROWAVE ANTENNAS AND EQUIPMENT 
LwpYagls . Power Dlvlders Dish Feeds . Complete Antenna Arrays Linear Amps 
MlcrowaveTransverlers h Klls GaAs FETPmmpsand 
Klls M~cmwave Componenls . Trooo. EME .Weak Signal. OSCAR FM 
Packet . ATV 

.w. l 2 6 9 ~ 1 2 8 8 ~ 1 6 9 1 ~ 2 ~ ~ 2 4 0 0 ~ 3 4 5 8 ~ ~ ~  
10.388 MHz 

ANTENNAS lmMHz 
2345 LYK 4501 LoopYaol Kll 
1345LYK 4501 LoopYagl Kll 2304 MHz 579 
3333 LYK 3301 LoopYagl KII 902 MHz 595 
led4 LY 44 el Loo~Yaol  Assembled 1691 MHz 1105 - -. 
38 Feed Trl Band Dlah ~eed>.3.3.4.5.7 GHz $15 
Msny o1h.m and aanmbled r~m lona  avallablm. Shlpplnp axtra. 

LINEAR AMPS AND PREAMPS 
2303PA 1 2 10 1 3GHz 3w out 13.8VDC St30 
2318PAM 1 24 10 1.3GHz 2 0 ~ 0 ~ 1  13.8VDC 1% 
2335PA 1.24 l o  1.3GHz 35wout 13.8VDC 1325 
2340 PA 1.24 to 1.3 GHz hlgaln 35wout 13.8VDC 1355 
2370PA 1.24101.3GHZ 70WOUI 138VDC 5695 
1202 PA 2.2102.5GHz 3w out 13.8VDC 1430 
13 LNA 2.3 to2.4GHz preamp .6dB NF $140 
23 LNA 1.2 10 1.3GHz preamp .6dB NF 595 
33LNA 800tos30MHz preamp .6dBNF 195 
11391 LNA WP 1691 MHz mast mounted .8dB NF 1140 

preamp 
KIta. Wma))urpOQI Vamlona md othmr Fmqwnelma Avallnbls 

NO-TUNE TRANSVERTERS AND 
TRANSVERTER KITS 

900.1269, 1296.2304 24M). 3456,5160MHz 
SHF 802K 902 MH, Transvertnr 40mW.2m IF KltS138 
SHF 1296K 1293 M n r  Transvorlarr 10mw. 2m IF KllS149 
SHF 2304K 2304 MHz Transverler 10mW. 2m IF Kit $205 
SHF3456K 3456 MHzTransverler 1OmW. 2m IF K111205 

OSCAR and other Irequencles available, also Amps and Pack. 
ageverslons wlfed and tested 
Wdtm lor m a n  Inlormallon. Frnc.lllogn.ll.bk. 

DOWN EAST MICROWAVE 
Bill Olson, W3HQT 

e R 1  Box 23tO. Troy. ME 04987 

Fast, Reliable Service Since 1963 
Millions of Parts in Stock for Immediate Delivery. 

Low Cost Experimental Kits. 

Small Orders Welcome 
Ask For Our FREE 78 Pages 

Hand boo WCatalog 
Toroidal Cores, 
Shielding Beads, 
Shielded Coil Forms, 
Ferrite Rods, 
Pot Cores, Baluns, Etc. MIDAN 

m1 ocia'lia 
2216 East Gladwick Street, Dominguez Hills, Califorma 90220 

PC, AT, PS12, or clone with a minimum 512K memory. CGA or EGA graphics required. 
Numeric coprocessor not required but recommended. 

InstantTrack 1.0 
For those concerned with greater speed and capability, InstantTrack offers all of QuikTrak's 
features plus instant visibility for your "favorite" satellites before you issue the first keystroke. 
More than 200 satellites and 1754 citiesareonthe menu and will be in full-color high- 
resolution EGA or VGA modes. Hardware requirements: IBM PC, AT, PS2 or clone with at 
least 512K memory. EGA or VGA graphics required. Numeric coprocessor not required but 
recommended. Mouse not required but can be used on the map screens. 
These are only a few of the features of OuikTrak and InstantTrack. The figures below reflect suggested 
donations to defray production expenses and benefit AMSAT'S non-profit, educational activities. 

Recommended Donations: Member Non-Member 
QuikTrak 4.0 5 -114" 
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I Measure Up With Coaxial Dynamics , I 
Model 83550 Digital Wattmeter 
The "Generation Gap" is filled with the "new" EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer.. .you make the demands, it fills 
the requirements. 

Programmable forward AND reflected 
power ranges. 
Can be used with the elements you 
now have. 
Compatible with all Coaxial Dynamics 
line sizes and power ranges. 
18 scales from 100 mW to 50 kW. 

Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

@ 
COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland. Ohio 44135 

I 216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Sentice and Dependability.. .A Part of Every Product 

lron Powder 
Ferrite 
Shielding Beads 
Ferrite Rods 
Split Beads 

Small orders welcome. All items 
in stock for immediate delivery. 
Low cost experimenter's kits: 
lron Powder, Ferrite. The de- 
pendable source for toroidal 
cores for 25 years. 

I Call or write for free catalog and 
tech data sheet. I 

SIGNAL-TO-NOISE 
Voting Comparator 

CQ Bookstore 
KEYS, KEYS, KEYS, by Daw hqm, K4WJ 
S d n g  W m d e b y  handhasbeawnsalort&iintkdqdkqwr 
and cwrpnetized code machines. D m  Ingram's new bodc om ksys, 
h w w a ,  IS a triuble to how it used lo be done in lhe  d d  days.' Loaded 
rnth pictrrea, his new bwh shws just &cul every key that w r  wer wed 
in bcth Amateur and p r d e s s i d  telegraph orwits - fran sinplo 'a& 
w a n d  mriahrre s~ keys to gdd plated prssentation d d s  -hey'n 
all in this M. Also gives y w  insi k s  on how to cdled, restme rind use 
ycurdasx keys. Great f a  h e  ~d?edor. dd timer or fwcmer.  01931. 
0 -KEY S o h n d  $9.95 

PACKET USERS NOTEBOOK 
by Buck Rogers, K4ABT 
This n w  bodc has been pA l a q ~ t h ~  by CQ's M a  dta and prdrd 
pimeet, Budt Rogers, KIABT. W W  aith t h  tqinner in mind, the 
Pe&a Nolebodr IS lull ol handy tips, him6 and suggestiom on how toga4 
the mat cut of ywr pa&# system Indudes a bnd tistoyt a ha* 10 go( 
sfmed &on, standards. flow m n t d  and i d o ~ i m  on rado toMC to 
c o w e r  intemnnedms la #st &cul wety rado. Gmd book to have 
on wery padteteet's desk, Q1989 1st edtim. 132pa~es. 
0 CQPKT S o h n d  $9.95 

THE AMATEUR RADIO VERTICAL HANDBOOK 
by Cpt. Paul H. Lr, USN (Rat), N6PL 
Based lponthe a i h r ' s  yean ol wc4 with a r u ~ o f ~ v a k d  
antenna designs, ycul gal plenty d h r y  and deripn i n l o r d m  a l q  
kith a number d pradcd mmtruclion ideas. lnduded are designs for 
sinple 114 and 98 wave antennas, as well as brcadband and m l l -  
element diredimal antennas QlW.2nd edition. 
0 W V A H  %Wound $9.95 

Shipping $4 v ia Mail. $5 v ia UPS. 
. m  - 

US only 
Foreign orders FOB Greenville, NH 03048 

1 Improve coverage by adding receivers 

Expandable to 32 Channels 
Continuous Voting 
19" Rack Mountable 
SelectlDisable Switches for 
Manual Override 
Can be used with RF Links or 
Dedicated Lines 
LED Indicators 
Hundreds in Service 
More 

-Competitively Priced- 
For more information call or write: 

Doug Hall Electronics 
815 E. Hudson St. 

Columbus, Ohio 4321 1 (614) 261-8871 
FAX 61 4-261 -8805 

I ADVERTISER'S INDEX 
....................... I ................. 

AMSAT.. 11 1 
Alfa Electronics. .I10 

. . . . . . . . . . . . . . .  Alinco Electronics. .6,7 
Amidon Associates. .............. . I1  1 

............. Astron Corporation.. . I1  
. . . . . . . . . .  Beezley. Brian, K6STI.. .I09 

............... Coaxial Dynamics. .I12 
Communications Concepts, Inc.. . . .  .I09 

.......................... Comtek Ill 
... . . . . . . . . . . . .  CQ Bookshop. .109,112 

. . . . . . . . . . .  Down East Microwave. . I1  1 

. . . . . . . . . . . . .  H A L  Communications. .9 
................. Hall Electronics. .I12 

........ ICOM America, Inc.. COV.II,I 
. ........................ Kantronics 5 

............. Kenwood USA. COV.IV.2 
L.L. Grace Communications Products. 10 

. . . . . . . . . . . .  Lewallen, Roy. W7EL. I10 
. . . . . . . . . . . . . . . . .  OPTOelectronics. . I2  

PC Electronics.. ................. .I09 
. . . . . . . . . . . . . .  Palomar Engineers. .I 12 

....... Quorum Communications.. .I09 
. . . . . .  Spectrum International, Inc.. .I 10 

. . . . . . . .  Surplus Sales of  Nebraska. ,110 
....................... Yaesu COV.111 

We'd like to see your company listed 
here too. Contact Arnie Sposato, N21Q0, 
at ( 5  16) 68 1-2922 or FAX at (5 16) 68 1-2926 
to work out an advertising program to suit 

I your needs. 
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