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EDITORIAL

For a few dollars more. ..

ur RF spectrum is a precious national,
Oand natural, resource. Unlike many

such resources, it has, until now, been a
renewable one. We have entrusted our govern-
ment to manage all these national treasures in
the public interest and, historically, there was
no question that the airwaves have always
belonged to the public. But now our rights
appear to be overshadowed by the wants of
government and big business...and there are
more dark clouds on the horizon.

Rule play

In the early years of RF communications,
people who listened 1o radio transmissions
broke no law. Under the Communications Act
of 1934 (47 USC 605), you were allowed to
listen. What you couldn’t do was make use of
what you heard, and pass it along to anyone
else, unless the information was broadcast or
transmitted by amateurs or others for use by
the general public.

Enter the laws goveming the monitoring of
cellular, and then cordless, telephone trans-
missions. The Electronic Communications
Privacy Act (EPCA, 18 USC 2510-2511)
passed by Congress in 1986, forbade scanner
owners and other listeners from tuning in on
communications intended to be private. The
cellular rule was followed by another regula-
tion (47 CFR 15.9) that ensured that cellular
and cordless phones would be treated alike.
Anyone who regularly listens to a scanner
knows how easy it is to tap into someone’s
personal calls, although many who make such
calls may be naively unaware that someone
might be listening in.

For their part, telecommunications compa-
nies have either claimed that the technology to
encode such phone conversations is either
unavailable or too expensive. As a result,
these laws have taken the responsibility from
the companies who offer these products and
put the onus on the public. Countless scanner
listeners are now considered criminals because
the telecommunications industry promised
false security to its clients and then failed to
deliver. Instead of requiring the adoption of
encoding technologies, the laws rewarded cel-
lular and cordless phone manufacturers for
limiting the rights of others to listen to traffic
on the airwaves.

Coming soon, the big auction

In two years, the FCC will start auctioning
off the VHF television spectrum. These VHF
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TV stations will be relocated to the UHF TV
spectrum over a |0-year period, as the new
HDTYV standards are adopted. The auction is
expected to raise some 90 billion dollars for
the United States government, while paving
the way for the emerging technologies. That’s
another 66 MHz of real estate headed for
“ownership” by private industry, and out of
the public domain. Television station owners
will pay dearly for their new channels in the
form of license fees.

As the FCC is continually downsized and
stripped of authority by Congress, the agency’s
role is more and more that of auctioneer than a
defender of the airwaves. Our VHF amateur
bands are under attack, and the threat from
Low Earth Orbiting Satellites (LEOS) is very
real. Although their encroachment has been
restricted for now, these little satellites may lit-
erally kick us right off the spectrum!

Congress, and to some degree the FCC, has
always supported amateur radio. Members of
the ham community have been entrusted with
generous areas of the RF spectrum, as have
other citizens across the free world. The ama-
teur bands are a public resource. Any motivat-
ed citizen can easily obtain a license and use
this service. But how will our “public service”
role play against the one billion dollars per
megahertz price tag our bands represent?

Unfortunately, our RF resources are “intan-
gible.” You can’t see, feel, or touch them.
This very invisibility leaves the spectrum ripe
for plundering when commercial interests out-
weigh those of the public. How can something
so vital to the fabric of our free speech and
communication be sold! Remember, we’re not
talking short-term leases here, we’re talking
sale. Once this process begins, there’s no
retreat. Once the spectrum is sold, it’s gone.

What can you do?

Contact your Congressmen and Senators.
Tell them the facts. Fight to stop this unprece-
dented plundering of our national resources
before there’s no public spectrum left, before
we have to become expatriates to enjoy what
we once enjoyed here at home!

Peter Bertini, K1ZJH
Senior Technical Editor

Terry Littlefield, KA1STC
Editor
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_ TECHNICAL CONVERSATIONS

A Wake-up Call

Dear Editor:

Dick Weber’s article on uneven currents in
elevated radials (Spring *97 Communications
Quarterly) was a real wake-up call.

Uneven radial lengths can be a problem as he
has shown, but, with some care, they can also be
useful in special situations. For example, it is
possible to create a low SWR resonance at two
points in an elevated radial 80-meter vertical.

A vertical with elevated radials can be mod-
eled as several parallel, open circuited, trans-
mission lines. In the vicinity of quarterwave
resonance the equivalent circuit can be approxi-
mated by several series resonant networks, one
tor the vertical and one for each radial as
shown in Figure 1.

T

Antenna
Radials
TTT T

Figure 1.

Basic circuit theory tells us that the driving
point of this network can have multiple series
resonances (zeros) at different frequencies, but
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circuit theory also tells us that between every 3. capacitive top loading
series resonance there will be a parallel reso- 4. capacitive loading of the radials
nance (pole). This results in a very “lumpy” 5. some combination of the above
feedpoint impedance in addition to any non-
uniformity in radial currents. An example of [n my article on the Lazy-H antenna, I pointed
this effect is given in Figure 2 for an 80-meter out how quickly the radials shorten when either
vertical with two patirs of radials with different a longer vertical section or top loading are used.
lengths. Figure 3 shows the feedpoint SWR The vertical groundplane antenna has been
with a simple broadband impedance trans- around for a very long time. It's amazing how
former to 50 ohms. There are series resonances much we still have to learn about it. Pages 6-5
at 3.525 and 3.780 MHz which resuit in low through 6-9 in the new edition (18th) of the
SWR and allow the antenna to be operated in ARRL Antenna Book has some interesting
both of the DX widows without adjustment. information on the input impedance. It's not
However, between these two frequencies the really 36 ohms, as we frequently assume, but
SWR is very high and the parallel resonance depends on the height above ground and
can be clearly secen in Figure 2. The impedance ground characteristics, among other things.
is very lumpy indeed! Rudy Severns, N6LF
Given Dick Weber's insight on quarter- Cottage Grove, Oregon
wavelength radials, it would appear that this
idea needs to be redone using shorter radials .
and eithr: Junk Science and Anfennas
) Dear Editor:
. a taller vertical section Thank you for your editorial on “Junk
2. inductive loading Science and Amateur Radio™ in the Winter
6 Summer 1997



1997 issue of Communications Quarterly. It
brought to mind the analysis of why J-match or
Zepp-fed antennas do not work (as efficient
radiators), done by L.A. Moxon, G6XN, in his
book HF Antennas for All Locations. His
analysis and that of G6CI in the RSGB Bulletin
for December 1955 suggest that the radiation
from such antennas comes from the unbalanced
open wire line quarterwave matching stub. |
built one using coax for the matching stub and
found the point for a good match: it had a good
SWR but did not seem to radiate. The author
suggests using a “balancing stub” across the
matching stub to correct the unbalance and
make the system more efficient.
It is interesting how many articles there
are about these antennas in the current ham
literature.
Moxon also takes a closer look at other long
held ideas concerning antennas.
Len Petraitis, WONU
Pittsboro, North Carolina

WSOLY’s Letter to KSIU

Dear Dick:
Read your article in the Spring 1997 issue of

Communications Quarterly yesterday. I com-
pliment you on the fine job of highlighting your
measured data (which is proof of the pudding)
and backing it up with your computed charts.
The material to which I objected was omitted.
The paper should be much referenced and
become a “classic.” And thanks for the credit.
Last evening at the Rockwell ham club meet-
ing. one of the retirees asked for a copy of the
talk you gave to the club. I recommended he
get a copy of this article, I gave a very briefl
summary of it to the Club for those who didn’t
hear your talk.
Thanks again for your contribution to the “art
and science” of antennas,
Warren Bruene, WSOLY
Dallas, Texas

Reader Requests Assistance

Dear Editor:

Some years ago, Japanese researchers devel-
oped an equivalent circuit for free space dipoles
and monopoles over perfect ground. By adding
elements to their circuit, it became part of a
Chebychev bandpass filter and 1 was thereby
able 1o write a computer program (in GWBA-
SIC) to interactively design antenna matching
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networks. Examples of the predicted perfor-
mance for three different monopoles are:

Frequency Band Maximum VSWR

3.5t04 MHz [.2:1
68 to 88 MHz 1.25:1
142 to 176 MHz 1.2:1

The only problem is that I no longer have the
equipment to verify the accuracy of this pre-
dicted performance. thanks to hurricane Hugo.
The equivalent circuit is supposed to be accu-
rate to within 10%: circuit analysis programs
confirm the program’s predictions, but it would
be very satisfying to see experimental data
showing such bandwidths. I wonder if any of
your readers would have the time to check the
program’s predictions. The program can be
found on Version 26 of Hamcalc, or I would be
glad to append it together with a .DOC file to
an e-mail or, given a disk, I will send it regular
mail. My e-mail address is <rdehoney @world-
net.att.com>.

R. Dehoney
Isles of Palms, South Carolina

A Bridge Not Too Far

Dear Editor:

M. Jamet. FOILX, mentions that it is easier if
a bridge uses a modulated signal for the balanc-
ing operation. It is also extremely convenient to
use an unmodulated signal if the source and the
detector are very stable. Modern transceivers
have a high degree of stability and can be used
as a signal source. Assuming the typical 100
watts output, the voltage into a 50-ohm load
would be 70 volts RMS. Under CW space con-
ditions, the output would be around 50 to 60 dB
less than this—say 230 millivolts or less. [ ter-
minate my rig in a carbon rod (Morganite)
resistor, enclosed in a shielding metal tube, and
tap the output about a quarter of the way down
this. I follow this with a switched attenuator
and [ have a very stable signal generator. Of
course one cannot use the RX side of the unit
as the detector, so one requires a second trans-

ceiver or receiver to pick up the bridge output.

I have found this arrangement extremely
helpful, and it allows one to concentrate using
the bridge instead of being distracted by having
to retune source and/or detector. It is also use-
ful if one wishes to accurately check the fre-
quency response of aerials or other equipments.

The resistor and its output connection use
coaxial connectors so as to minimize direct
breakthrough from the transceiver, but I have
never found this to be a problem with my
IC720A as the source and my IC71 receiver as
the detector.

S.F. Brown, G41L.U
Shropshire, U.K.

Give Credit to K2BLA

Dear Editor:

In the Winter 1997 Communications
Quuarterly 1 was pleased to see Mr. Brown write
in “Build a 5- to 850-MHz Spectrum Analyzer”
about the low-cost use of CATYV tuners in spec-
trum analyzer designs. It is good to see ongoing
work in making sophisticated instrumentation
more affordable.

I am concerned, though, with Mr. Brown’s
lack of credit to pioneers in homebrew instru-
mentation, and, in fact, to the original designer
of the CATV-tuner-type spectrum analyzer.

The original article in which a CATV tuner
was used for the front-end of a spectrum ana-
lyzer was “An Inexpensive Spectrum Analyzer
for the Radio Amateur” written by Al Helfrick,
K2BLA, in the November 1985 QST. In fact,
A&A Engineering, of Anaheim, California, has
been producing Mr. Helfrick's CATYV tuner-
based analyzer for a number of years, and it is
a well-engineered design and somewhat more
refined than Mr. Brown’s. I have been using
one of the A&A analyzers for a number of
years with satisfaction.

Thank you for your notice.

Eric Guinn, AC4LS
Sevierville, Tennessee
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PATH LOSSES AT HF

An analytical approach

the same for two hours together, let alone

two days together. But HF signals follow
physical laws, and there are good and sufficient
reasons tor the losses that radio signals incur
between two stations on the Earth’s surface.
Many methods, from experience to manual cal-
culation to sophisticated computer programs,
are used to find out how good or bad a path is
going to be; but it’s worthwhile to go a step
further and find out which of the many afflic-
tions that HF signals suffer will prevent a given
contact from happening, or conversely help it
to S9 status.

If we know which ones control at a given
time, then we can intelligently plan our next
steps. How do we complete that QSO7 Do we
need to try another time, or another day, or
another frequency, or use a different route.

S hortwave propagation never seems to be

Should we increase power, change antennas, or,

as a last resort, move to another location!

Introduction

Even at the height of the sunspot cycle, high
band operation is improved by knowledge of
the ionosphere and its effects, while at the bot-
tom of the cycle, our relationship with the
reflecting layers is an ongoing challenge. The
ionosphere can be quite uncooperative, and yet
signals are often there if only we know when
and where to look. There’s no magic in the
process of moving a signal from A to B
(although it often seems there is); therefore
there must be a few good reasons for the
changes we notice over time.

Most of the Earth’s physical parameters are
rather constant. Its temperature (in absolute
degrees, that is) isn’t wildly different, even
from the Arctic to the Equator. The barometric
pressure is never all that far from 30 inches of
mercury. The global sea level only changes a
little, and slowly at that. Gravity is almost a

constant everywhere. The ionosphere, however,
is another matter. The solar flux changes con-
siderably, but the maximum usable frequency
is—to say the least—volatile. It can move from
2 to 50 MHz, and, what’s more, it can move a
large part of that in a few minutes. No wonder
it has the reputation of being the most fickle of
all Earth’s physical values. And this remarkable
variable describes our transmission medium.

If the layers between us and the remote QTH
aren't supporting reflection on our chosen
band, increased power isn’t going to help a bit.
If absorption is the problem, power can help,
but maybe all we need to do is select another
time of day. Possibly, there will be greater
chances of good conditions to the south than to
the north. To make sense of all the often-con-
flicting evidence, we need to know the factors
at work in a potential contact—and which of
them can be modified by changing frequencies,
operating habits, or even equipment. We start
with antennas, equipment, and locations for
both stations. Time of day and year are no
problem. Clearly we need ionospheric data, the
solar flux, and the A or K indexes that tell us
about any ionospheric storms. Data can be
found on WWV at 18 minutes past every hour
and also on WWVH at 45 minutes past the
hour. We need noise levels too, but we’ll defer
that until later. Let’s look at the places where
signal strength is lost between the remote and
the local station, and hopefully find some
pointers to get a better handle on this highly
variable environment.

Satisfactory reception of an ionospherically
propagated radio signal depends on the signal-
to-noise ratio at the receiver, and that depends
on three factors. The first and most important is
the ability of the ionosphere to reflect signals at
the necessary places on the desired path, and at
the frequencies, times, and dates to be used.
The second and third factors are the resulting
signal strength and the ambient noise level at
the receiving station, which combine to deter-
mine signal-to-noise ratio.

Communications Quarterly
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Path Loss v. Slant
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Figure 1. Path loss versus slant range (km) from David and Voge.

Many methods exist to predict the first of
these; the central problem is the calculation of
maximum usable frequency (MUF) from path
geometry, solar flux, and ionospheric storm lev-
els, and their distribution in time and space. But
signal strength depends on transmitter power,
effective antenna gains, spatial spreading, ionos-
pheric absorption and scattering, focusing and
defocusing on reflection, and polarization mis-
match. The ambient noise level at the receiver
can be determined to a fair approximation from
published world noise maps,! with some
allowance for local manmade noise at the
receiver. To predict signal-to-noise ratio, we
have to work in all these factors. We will also
need the system bandwidth, which determines
how much of the noise we’ll actually hear.

Fstimates

Propagation cannot be calculated exactly; it
can only be estimated, and estimates, by their
very nature, suffer from a combination of many
different uncertainties. One certainty in esti-
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mating is that it’s far better to use educated
experience than no estimate at all, and an esti-
mate honed against actual field results is more
credible than any other. Working for us is the
probability that errors in the individual compo-
nents of an estimate are unlikely to err system-
atically in the same direction, or by the same
amount. Finally, there’s no merit in improving
the accuracy of the individual parts of the esti-
mate much beyond that of the other parts, if
they are equally important.

In this approach, we calculate all known
components of the system loss, and by approxi-
mating, adding, and subtracting, simplifying
and curve-fitting, it’s possible to obtain a fairly
complete picture. Just looking at the picture is
interesting, but we also want to know more
about the details. If we don’t find a good path
to the desired remote site, is there anything we
can do about it? Is the problem regular D-layer
absorption, or should we wait a couple of days
until the K Index is lower? Or should we just
walit a few hours? Any picture of the ionos-
phere and its propagation must start with the
fundamental questions: [s any propagation like-



ly to be possible on the chosen path? Are we
below or above the maximum usable frequen-
cy, the MUF?

Will there be any signal at all2

Many excellent computer programs and some
manual and semi-manual methods will help
determine whether we are above or below the
MUF, and some will tell us the probability of
there being a useful signal on the route of inter-
est. All of these methods require the knowledge
of the solar radiation at all the places on the
route where the signals will encounter the
ionospheric layers, so locations and times of
day are both obviously controlling factors.
They account for the great differences between
temperate zone routes, such as the U.S. to
Europe, and transequatorial routes, such as
Europe to South Africa, or the U.S. to southern
South America.

The classic MUF is so defined that there is a _

50 percent chance of propagation at the MUF
itself, a rapidly diminishing probability at high-
er frequencies, and a chance near 100 percent
for signal propagation at frequencies lower than
about 80 percent of the MUF. There’s also data
to support an “over-MUF” signal loss, which
may relate to the decreasing ability of the
reflecting layers to act as good mirrors when
the frequency is close to the limit.2 But there is
a host of other ways to lose that reflected ener-

gy before it reaches us. Let’s consider what the
signal has to endure en route, and we’ll see
how we can use that information to improve
our operations.

Where the signal went

We must begin with some assumptions about
the remote station and its antenna, unless we
have a scheduled contact with a known station.
Whatever the data, we aren’t likely to be able
to change it; but the type and height of the
remote antenna will determine the strength of
the signals emitted in our direction, just as will
the power of the remote transmitter. Our own
antenna configuration has to be taken into
account, t0o, but at least we have some control
over that from time to time.

Spreading and focusing

The radio-frequency energy from the remote
station isn’t coming only to our station, and
clearly it spreads wider and thinner the farther it
proceeds. If we were both operating from space-
craft, with no Earth and ionosphere to bother
about, the energy would spread out pretty evenly
in all directions, but Earth-bound amateurs must
contend with reflection from both.

Calculations of the spreading loss start with
an isotropic antenna (one which radiates uni-

Toble 1. Solor flux versus 14-MHz signal strength
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formly in all directions) at each end, and then
modify the results for the real antennas in use
and their actual locations. The loss calculation
requires knowledge of the slant range, which
includes the up and down distances, rather than
the range measured on the ground. It also must
take into account the shape of the Earth and the
layers, which are both assumed to be
spherical.3* The reflecting layers aren’t so far
from flat that they greatly distort the paths, yet
they are different enough to cause some inter-
esting losses, and gains too on occasion, for the
remotest of terrestrial contacts.

There seem to have been two distinct views
on calculation of distance or spreading loss.
Davies, the “grand old man” of the National
Bureau of Standards, saysd that “in general it is
too complicated to take into account the
detailed effects of focusing etc.,” and he, there-
fore, uses slant range as the effective distance.
On the other hand, Rawer3 in the French ionos-
pheric service, using a more detailed geometry
shows losses that relate to the number of hops
as well as to the distance. Although his curves
look rather complex, if we reconfigure them to
use slant range instead of surface range, they
are greatly simplified (Figure 1, taken from
Reference 6), and the loss can be calculated
from a fairly friendly set of algorithms.
Comparing the results with my own experience,
and that of others,# the Rawer curves seem to
provide a closer match, with Davies’ method
being somewhat on the pessimistic side.

If the two stations are at antipodean loca-
tions, all the possible great circle routes can
join in providing a signal path. And, if the
ionosphere is very stable, Rawer’s approach
shows the possibility of signal enhancements of
up to 20 dB. While so much gain is unlikely,
real gains do appear to be quite common in the
HF broadcast experience,’ and, for amateur
purposes, this source of signal enhancement is
something we don’t want to ignore.

Reflection

There are also losses at the actual points of
reflection. If the signal has to bounce off the
ocean, well and good, as the loss there is quite
small. If it has to bounce off a desert, the loss
may be quite large, maybe 4 or 5 dB, or more.5
Both of these losses have been pretty well
determined, although it would be somewhat
laborious to look at every path and determine
the characteristics of the Earth at all possible
points of reflection. So a calculation must use
estimates, both of the likely reflectivity and of
the distribution of that reflectivity between bet-
ter and poorer locations. The angle is impor-
tant, too, but the value will be inherent in any
path calculations. As far as reflections up above

are concerned, the F layer seems to be a pretty
good reflector, while the E layer is not so good.8

Dlayer absorption

In addition to the losses on reflection, some
parts of the ionosphere are no help at all! The
worst actor for HF is the lowest, or D layer. It’s
so thin that it can only reflect very low frequen-
cies, well below the MF bands; however, it’s
thick enough during daylight hours that it can
absorb RF energy well into the shortwave
region, The absorption of RF wave energy is
greatest at the gyro-frequency, where the D-
layer electrons resonate most energetically
under the influence of the impinging RF and
under the constraint of the Earth’s magnetic
field. This is around 1.4 MHz, and losses from
the resonant motion decrease both above and
below that frequency. Fortunately, these losses
tend to vanish at the high end of the HF spec-
trum, allowing us the delight of low-power
worldwide QSOs on 10 meters when the MUF
is high enough.

The D layer is almost entirely a daytime phe-
nomenon and is dependent on the strength of the
ionizing radiations from the sun, mainly ultravi-
olet, which cause the D layer to exist in the first
place—hence the nighttime AM band interfer-
ence we’re all familiar with. The loss, therefore,
depends on place and season and time of day
along the route, as these can tell us the strength
of solar radiation. It also depends on the selected
frequency and, to a smaller extent, on the
Earth’s magnetic field as it varies along the path
of interest, setting gyro-frequencies at those
points on the route where the signal must pass
through the D layer. Calculation methods for D-
layer absorption seem to be well established and
in relatively good agreement.5-

Other absorption

Unfortunately, as those who live in the more
northerly parts of the world (and also those few
who inhabit the Far South) well know, there are
other sources of absorption, too. The star actors
are ionospheric storms, in which the Sun
dumps cascades of energetic particles onto the
Earth’s magnetopause. Most of these, very for-
tunately for us, flow on past into the night,
forming the magnetosheath. But a few find
their way through the protective regions up
above, and spiral down to Earth in the sub-
Polar regions, where our magnetic lines of
force come down vertically.

Concentrated in the auroral ring—which usu-
ally lies at some 60 to 70 degrees north or
south, roughly concentric with the magnetic
poles—they cause not only the Northern Lights



(Aurora Borealis) and its more rarely seen
southern counterpart, but also strong absorption
of HF radio signals. The ring or oval moves
closer to the equator in times of ionospheric
storm, and, because of the location of the mag-
netic pole, the very popular paths from the U.S.
to Northern Europe are among those most
noticeably affected.

To calculate this factor, we must find out
how much of the path lies within the auroral
ring, and how many passes the path must make
through the relevant layers (the auroral regions,
which are close to the E layer) as the signal
bounces up and down on its way to its final
destination. The ring position must be estimat-
ed, as it depends on the storm level, which
relates to the A or K index broadcast by WWV,
Auroral absorption also depends on local time
where the path crosses the ring? and on particle
density, which also relates to the A or K index.

Other losses

Polarization mismatch is easy to handle for
line-of-sight VHF circuits; but polarization
shifts on reflection make this an unpredictable
will-o’-the-wisp at HF and we have to ignore it.
When we considered the calculation of MUF,
we noted that the literature talks about an over-
MUF loss. It seems to be general experience
that signals on any given band are better in the
heights of the sunspot cycle than in the dol-
drums of low solar flux.

To back this up, a correlation was attempted
for data given by Jacobs and Cohen? on four
paths at various solar fluxes. Basic ionospheric
propagation theory says that the higher the
solar flux, the higher the D-layer absorption.
Any gains in propagation would then be solely
due to higher MUFs permitting operation at
higher frequencies, where absorption falls off
as the square of the frequency. But, this isn’t
what the Jacobs and Cohen results show. A
quick visual examination (Table 1) of their
data shows that better signals at constant fre-
quency are achieved at higher fluxes, and this
seems to be true of all four 14-MHz paths. (See
Appendix for calculations.)

A check of several propagation programs
showed that none of them predicted this effect
for the cited conditions, but incorporating over-
MUF loss, quite a reasonable agreement
appears. Maybe the F2 layer at the higher solar
fluxes presents a cleaner more mirror-like
reflector with less scattering, or a more effi-
cient reflector from some other point of view.

Basic calculations

Having adopted a suitable MUF calculation,
it also seems worthwhile to try allowing for the

A index in another effect of ionospheric storms,
the depression of the F2 critical frequencies,
which control the MUF, in temperate and high
latitudes. Considering the resuits given by
Davies3 for Matsushita’s work, and a compari-
son with geomagnetic storm descriptions given
by Chapman, !0 a simple algorithm allowing for
this effect was derived. It modifies critical fre-
quency at each successive hop, depending on
magnetic latitudes and A index, to give the
depression of the MUF. The database seems
quite thin, but despite this, the match has
seemed to be as good as could have been hoped
wherever a comparison has been possible. Any
further information that might lead to an
improved correlation would be of interest.

Noise levels

Noise level calculations are readily made
using CCIR Report 322 and setting up an algo-
rithm for the CCIR noise maps. There is a regu-
larity to the sets of correction curves presented
in CCIR 322, in time, seasonn and frequency,
and a workable algorithm was obtained, with
errors of less than about one standard deviation
over most of the range. The curves illustrate the
analysis used, with frequency-based correction
factors centered at 4 and 16 MHz, and a small
fall anomaly in addition to the main seasonal
changes observed. Seasonal changes are
assumed to be gradual, and a straight line seg-
ment variation based on the Julian date makes
these corrections.

All the factors are applied to data for a fre-
quency of 1 MHz for each receiving site,
extracted directly from the CCIR 322 maps,
which are published for four seasons, at six
times of the day. Commercial operators use a
worst case estimate, correcting from a standard
deviation curve to the noise value obtained. But
for amateur use, the uncorrected value seems
more appropriate. It represents the most likely
value rather than worst case, and amateurs nor-
mally look for the most probable condition
rather than calculating a safe margin for service
reliability. Of course, a contest station making
pre-contest evaluations might wish to use the
commercial approach!

Galactic noise can also be predicted from
CCIR 322 curves, but an additional calculation
is needed for transmission through the ionos-
phere, which depends on critical frequency and
other MUF-related values. Noise coming at us
from the galaxy does have to make it through
the ionosphere from the other side, so we might
as well take advantage of this useful screening
when we can! Values for manmade site noise
were also obtained from the curves in CCIR
322, although it would be interesting to esti-
mate data for local weather and distance from
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high voltage lines and highways.!! This could
not pretend to great accuracy, but, again, any-
thing which can be particularized has a good
chance of being better than general data.

Signal strength

Signal strength can be computed from algo-
rithms discussed by Davies in his book on

ionospheric propagationd or from an ESSA
report which has been very widely used.”
Several sources of information exist on auroral
activity and on its relation to HF path
loss.2:5:9.12

The next necessity is an allowance for anten-
na gain. The usual values cited are for the opti-
mum ray angle for the antenna in question,
which has little relation to gain at the actual ray
angle. To calculate the signal strength, we need

It's easy to conclude that a computer pro-
gram is needed to make sense of all this in any
reasonable time frame. Such a program was
started some years ago based on MINIMUF
3.5.14 But, at the urging of Bob Brown,
NM7M, the basis was changed to a more
recent algorithm for MUF calculations devel-
oped by R. Fricker of the BBC's External
Services,!5 which is widely regarded as hav-
ing better accuracy.!0

The main objective was not to have yet
another propagation program, but to under-
stand the contribution of the various different
loss mechanisms to HF signal strength. Most
modern programs offer excellent graphics with
maps and even pictorial path displays, but it
seems equally important to know the details of
signal loss.,

A graphic bar-chart display (Photo A) of
loss types and noise sources shows, together
with a detailed tabular analysis, the probable
makeup of the selected signal on its path. Thus
the user can see, especially for a failing path,
the problems and the possibilities. The data are
presented for the most likely ray angle and the
next most likely angle. too.
Distance and D-layer
absorption losses are shown,
in addition to the auroral
zone or polar losses and the
over-MUF contribution. The
local noise level factors are
given individually, along
with much more other
important data, such as the
E-layer cutoff frequency for
F-layer propagation, and the
probable error limits for the
MUF calculation. Paths are
well characterized, with
beam headings, geographic
and magnetic coordinates of
the control points used in the
calculations, and the takeoff
angles likely for the calcu-
lated layer heights.

The program, SNAPmax,

Computer program

Photo A. Graphic bar-chart display of loss types and noise sources.

also includes a more conventional numerical
display of probable signal-to-noise ratio for a
given path over a 24-hour period. The
CCIF/CCIT/CCIR Red Book'7 and other
sources quote bandwidths and the signal-to-
noise ratios required for different modes, and
it's clearly of interest to

use this “required signal-to-noise” data to
analyze a number of routes for a given date,
time, frequency, and operating mode. There-
fore a “band open” display shows probable
openings at one preselected frequency for a
group of preselected remote sites for one
selectable mode.

SNAPmax acceplts station entry by callsign
prefix, by latitude and longitude, or by U.S.
state. Noise map data are built in for the U.S.
and Canadian call areas, and for a few foreign
countries (G, CE, VP8), with a default basis
for the rest of the world. Data for any other
area may be added and saved by the user with
the aid of CCIR noise maps. The program can
be purchased (for $30) from the author at 115
S. Spring Valley Road, Greenville, Delaware
19807, US.A.




to obtain gain versus angle curves, and it is use-
ful to calculated or adopted values for three
common antennas over real ground: a three-ele-
ment beam, a wire dipole, and a ground-based
quarterwave vertical. The beam and dipole
curves were also analyzed for the effect of
antenna height.

These antennas develop nulls at some eleva-
tions, which would considerably complicate the
picture. However, because real height over
electrical ground is unknown, and as the para-
sitic radiations from other local conductors tend
to fill in such nulls, it seemed appropriate to fit
an envelope to the curves and ignore the nulls,
which are, in fact, often quite narrow. Most of
the data is from curves produced using
ELNEC,!3 and assumes the antenna points
towards the other station!

Bandwidth

In the 1920s, well-known English radio engi-
neer P.P. Eckersley said “‘the wider you open
the window, the more dirt blows in.” Signals
are constant with increasing bandwidth, as long
as we have enough bandwidth to handle them
properly, but noise power will increase linearly.
We need, therefore, to use the actual receive
bandwidth and adjust signal-to-noise computa-
tions to suit.

Conclusions

Presenting the results diagrammatically, we
can show signal-to-noise relationships for a
given time, date, circuit, frequency, and solar
flux. It is then easy to change circuit constants.
A short time playing with the variables shows
that most of us are living close to the ragged
edge of practicality for consistent long-distance
HF contacts, unless we choose a low bandwidth

mode, such as CW or one of the digital sys-
tems. The difference made by a higher or better
antenna, or even, to a smaller extent, by
increased power is quite dramatic.

Data appropriate for shortwave broadcasting
show the greater power needed for regular
DSB/AM with the 20-dB signal-noise ratio that
comfortable BC listing requires. Looking at all
the benefits of a low noise location, you might
decide to move to the Outer Boondock islands
with all possible speed and vigor. Even in the
U.S., Hawaii, for example, has a real edge over
the rest of us. |
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Appendix

Rearranging Jacobs and Cohen’s graphs,
while ignoring the minor effect of the A index
for this purpose, arbitrary dB values were
assigned to their A-E levels relative to level C
as shown in Table 2:

A mean dB level for each circuit was
obtained and the dB values of A-E were then
recalculated as differences from the mean sig-
nal for that route in order to remove circuit-to-
circuit bias and consider only the differences
on each circuit due to the solar flux changes.
Each point in the charts can now be assigned a
dB level and a solar flux. The results shown in
Table 1 for each level were then plotted in
Figure 2, and it’s clear that there is a positive

Table 2. Arbitrary dB values
for A-E signal levels relative to

level C.

Level Description dB Value
rel. to C

A S9+30 50

B S9 25

C S5 0

D S1 -25

E No signals -50
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Figure 2. Solar flux versus signal strength,

slope to the data, showing stronger signals at
higher fluxes.

The data were also separately run through a
correlation program, as a straight line curve fit,
showing approximately 2 dB increase in signal

strength for each solar flux unit. The correlation
coefficient was R = 0.62; a real dependency,
though obviously there are large random varia-
tions due to local conditions and the general
variability of the medium.

PRODUCT
INFORMATION

Phillips ECG Introduces New Improved
U-105 Antenna Rotator

Phillips ECG introduces the U-105 Antenna
Rotator, which includes automatic controller,
rotator drive unit, mounting hardware, and
installation and operating instructions. The
optional TB-105 support bearing is available
for extra-rigid installation.

The U-105 Antenna Rotator is a durable, pre-
cision-built rotator designed to turn and posi-
tion even the largest flat wedge-type TV-FM
antenna.

Its features include precision cut steel gears
hardened for long service life; rugged, one-
piece cast aluminum housing designed for
greatest strength in high stress areas; large bear-
ing surfaces and strong reinforced mast for lat-
eral load support (vertical load 45 Kg (99 Ibs)
maximum); ball bearing provided for thrust
(160 Ibs-inches of motor torque); high torque-

easily handles largest TV/FM antenna arrays;
built to take high winds and harshest weather
extremes-water tight seal, fully lubricated drive
train; completely automatic control indicator
accurately shows orientation of antenna; control
designed for smoother, quieter operation; and
UL and CSA listed.

To locate the nearest distributor of ECG
Electronics manufacturing and maintenance
products, call toll-free 1-(800) 526-9354.




RECEIVER

DUALCONVERSION
-M NARROWBAN

Harry J. Swanson

Motorola, Inc., Analog IC Division
2100 East Elliot Road, M/S EL340
Tempe, Arizona 85284

D

Uses low-cost monalithic IC chip set

ere’s an analog narrowband FM receiv-
Her designed for cellular and 902- to 928-

MHz ISM Band Part 15 cordless phone
applications.! The receiver is a dual-conversion
superheterodyne incorporating a low-cost sili-
con monolithic IC chip set. This is made up of
an integrated LNA, mixer and VCO RF front-
end IC (MC13142) and a single conversion,
split IF and coil-less detector back-end IC
(MC13150). Surface mount components, small-
size pc board layout, and few external compo-

nents allow fabrication of a receiver suitable for
cellular and portable applications. Performance
is verified in a demonstration receiver. I’ll dis-
cuss how design techniques to optimize the
receiver sensitivity and noise performance were
analyzed and developed, as well as the trade-
offs in signal handling and power management.
Figure 1 shows a simplified block diagram
of an analog/digital FM narrowband RF section
commonly used on low-cost, high-volume ana-
log cellular services today. The receiver topolo-

455 kHz Filters
I | IF Filer I l
g ; Coilless >
anlenna D MC13142 Demod
MC13150
'\V RSSI
f buffer
! [Ii] Y ¥ RSS!
MC 145220
S00MHz
Dual PLL
Preasncdaler . Tx modulation
r\J from baseband IC
MRFIC0911
LDMOS IPA

Detector Output
to baseband IC

Figure 1. Analog/digital FM narrowband RF section.
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gy may be used to implement popular wireless
communications applications like 100 channel
900- to 928-MHz cordless phones, Cellular
Packet Radio, Special Mobile Radio (SMR),
Narrowband PCS (covers messaging and pag-
ing services), and the newly proposed Family
Radio Services at 462 and 467 MHz for very
short distance two-way radio service (FCC 95-
261 released August 2, 1995).!

Description of the chip set

Front-end receiver IC. The MC131422 is
intended to be used as the first amplifier, volt-

age-controlled oscillator, and down converter.
It features wideband operation, low noise, high
gain, and excellent linearity while maintaining
low current consumption. The circuit consists
of a low-noise amplifier (LNA), a voltage-con-
trolled oscillator (VCO), a buffered oscillator
output, a doubly balanced mixer, a wideband IF
amplifier, and a DC control section. The wide-
band IF amp allows this IC to also be used as
an up converter and exciter amplifier.

The IC is offered in two packages: 1) a 16-
pin SOIC and 2) a 20-pin thin quad flat pack-
age (TQFP). Figures 2 and 3 show the
MC13142 pin connections in both packages. In
the TQFP package, a pin is provided for lineari-
ty adjustment of the mixer; the input intercept
point may be increased up to +20 dBm. Other
features include:

* Low-power operation: 13 mA at Ve =
2.7-6.5 volts DC

« High mixer linearity: Input IP3 = +3.0 dBm

* Single-ended 50-ohm mixer input

* Double balanced mixer operation

* Open collector mixer output

» Single transistor oscillator with collector,
base, and emitter pinned out

* Buffered oscillator output

» Mixer and oscillator capable of being
enabled independently

Back-end receiver. The MC131503 is desig-
nated for use as the back end in analog narrow-
band FM systems like cellular, 900-MHz cord-
less phones, and narrowband data links with
data rates up to 9.6 kbaud. The MC13150 is a
very low power single-conversion narrowband
FM receiver incorporating a split IF. It consists
of a doubly balanced mixer, common collector
transistor oscillator, extended range received
signal strength indicator (RSSI), RSSI buffer,
IF amplifier, limiting IF, a unique coil-less
quadrature detector, and a device-enable func-
tion (refer to Figure 4). The following are key
features of this unique IC:

* Unique coil-less detector

* Low-frequency corner adjustable to <1 Hz
for paging and messaging applications

s Low current at 1.7 mAdc at 2.3-6.5 volts DC

« 110 dB RSSI dynamic range

¢ 12 dB SINAD sensitivity = -100 dBm

* Available in 32 and 24 pin TQFP packages

For those who want more information, the
“MC13150 Advance Information Data Sheet”
contains details on the IC description and pos-
sible applications.

The MC13175D4 UHF PLL System is used
as the 1/8 prescalar and phase detector for the
second LO PLL. Other ICs include the
MC331115 compander, the MC33269-36
3.3-volt, low dropout regulator (LDO), the



Input Power = 30 dBm

Circuit Circuit Cascaded
Reference Configuration Gain
Number Description

(dB)
1 MC13142 11.0
(Figure 10) w/o Preamp
2 MC13142 21
(Figure 10) w Preamp
3 MC13150 106.5
(Figure 12) w/o preamp
4 MC13150 124.5
(Figure 12) w preamp

Table 1. Noise Analysis Front and Back-End Circuits.

Cascaded Input Minimum Output IP3
NF IP3 Detectable IM3 O/P
Signal Level
(dB) (dBm) (dBm) (dBm)
6.17 -10.6 -104.8 0.36
-57.7
5.05 -20.7 -105.9 0.34
=277
21.8 3.0 -107.4 109.5
10.5
6.28 -15 -122.9 109.5
64.6

MC1452207 dual PLL synthesizer, and the
MRF944L8 RF low-noise transistor.

Receiver system design

LNA/Ist mixer. Figure 5, the block diagram
of the receiver system, shows the implementa-
tion of the front and back-end ICs. In this
receiver, a discrete LNA, MRF9411L, is used
before the MC13142 to improve sensitivity.
Detailed noise analysis supports this conclusion.

Front-end [C. The front-end IC circuit is
shown in Figure 6. The matching network is
optimized for noise figure, gain, and input
VSWR. Small-signal scattering parameters and
noise parameters are found in the IC data sheet.
An REF filter is used before the LNA and mixer
to provide image rejection. A variety of fil-
ters—SAW, ceramic, and dielectric—are
offered by manufacturers like Toko, Motorola,
and Murata. Both Toko (Part # 4DFA-926A-11
at 926.5 MHz and Part # 4DFA-904A-10 at
904.5 MHz) and Motorola (Part # KFF6140A
at 906.5 MHz and Part # KFF6141A at 926.5
MHz%) make ceramic filters for 902 to 928-
MHz Part 15 applications. The above filters
have 3 dB bandwidths of 2 MHz.

IF output marching. The IF output is convert-
ed to 50 ohms via a 16:1 impedance trans-
former. The transformer provides DC through
its center tap on the high side; 800 ohms is used
across the high side to set the impedance for the
16:1 transformation to 50 ohms. An optional IF
preamplifier follows the mixer IF output. This
IF preamp provides additional gain with low
noise figure and is used to lower the secondary

v
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Figure 4. MC13150FTB block diagram and pin connections.

noise figure contribution of the back-end por-
tion of the receiver system. A receiver noise
analysis that shows the results with and without
the preamp is presented later (Table 1).

The first of the IFs is tuned to 83.16 MHz
because some manufacturers, such as Toko
(Part # SWS.83GBWA) and Murata (Part
# SAFCR3.161MA40X), offer surface-mounted
SAW filters with high attenuation at fc + 910
kHz. This first IF filter is designed to provide at
least 60 dB of second image rejection in a typi-
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Figure 5. 926.5-MHz receiver system block diagram.
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cal narrowband FM receiver with a 455 or 450-
kHz limiting IF.

First local oscillator. The first local oscilla-
tor is PLL controlled with a MC145220 dual
PLL synthesizer. The MC13142 has an onboard
transistor with the emitter base and collector
pinned out. Figure 7 shows the VCO circuit,
which uses a common collector configuration.
The following equation is used to calculate the
center frequency of the varactor-controlled
oscillator at a nominal 2-volt control voltage:

foo=0.159
(LI(C1C2/(C1+C2))+(CvCB/(Cv+CBY))
+Cp]}-172

where Cp is the parasitic capacitance of the

IC and pc board layout; Cp is typically 4 pF.

The sensitivity may be adjusted by changing
CB; if CB>>Cv, then Cv dominates and the
VCO sensitivity is maximized; thus:

CvCB/(Cv+CB)~Cv

If CB~Cly, then the effect of Cv is minimized
and the VCO sensitivity is minimized.

The parasitic capacitance, Cp, is minimized
by keeping the interconnects short and main-
taining small component mounting pads.
Components should be chosen that are high Q
with minimum parasitics. The Q of the inductor
is important to maintain phase noise perfor-
mance and power developed in the VCO. Also,
the varactor should have sufficient Q at the
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Figure 6. MC13142FTB front-end receiver circuit.

VCO frequency. The MMBV809 offers high Q
(150) with 6 pF at 2 volts. Thus, the nominal
center frequency of the VCO with 2-volt varac-
tor-controlled voltage is calculated to be 1003

1009.661 MHz.

MHz; the required LO center frequency is

Back-end receiver I1C. The back-end function
of the receiver makes use of the coil-less detec-

R

SMA

o vee N
o} = \\
Ycontrol
{H 9 yeo 5'
C2 | BUFFER ]
2p
|
L | ¥CC Yo
1 ] )
2.7nH E 12 L3l 14
LO
BUFFER >@ 1] '
OUTPUT = 100p

Figure 7. First local oscillator “VCO” circuit.
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Figure 8. Back-end receiver circuit.
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tor in the MC13150 (see Figure 8). The coil-
less detector external circuit design (pins 15 to
22) is explained in detail in the IC data sheet.
When the external components are properly
chosen, no detector tuning is required in pro-
duction manufacturing.

Second local oscillator. The second local
oscillator is set at 83.616 MHz. It may be crys-
tal controlled using a fifth overtone crystal, as
shown in the MC13150 data sheet, or PLL con-

trolled, in which case the master PLL reference
oscillator is used. The latter method eliminates
an expensive overtone crystal and the required
tuning to ensure lockup. Because the master
PLL reference oscillator is a narrowband FM
system that uses a very stable TCXO with I to
2 ppm frequency tolerance and 1 ppm/year
aging, reference tuning isn’t necessary.

The MC13175 may be used to implement the
second LO by using its fixed divide by 8
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Figure 9. 83.616-MHz VCO (2nd LO).

prescalar and phase detector. The 10.452-MHz
reference is AC coupled at pin 9. The phase
detector output at pin 7 is used to drive a pas-
sive loop filter that drives an external varactor-
controlled LC tank circuit at pins 28 and 29—
the internal common collector transistor oscilla-
tor. The VCO circuit for the 83.616 oscillator is
shown in Figure 9. Implementing the 83.616-
MHz oscillator in this way offers appreciable
savings in material and engineering cost while
providing better system frequency, stability,
and performance.

System noise analysis

The system noise analysis compares several
possible configurations using a public domain
software application published by Hewlett
Packard called AppCAD. A summary of the
system noise figure, overall gain, input 3rd
order intercept point (IIP3), IMD, and SINAD
is presented in Tables 1 and 2.

Frontend analysis

Noise analysis of the front and back-end IC
circuits is done separately based on the perfor-

mance characterization of the 1Cs. Figure 10
shows the model used for the MC13142. A fow-
noise amplifier (LNA), MRF9411 (Figure 11),
is used to improve the front-end noise perfor-
mance. Design of the matching network is
detailed in a paper by Nagaraj Dixit in March
1994.10 Noise performance with or without this
discrete device is shown in Table 1 (see circuit
examples 1 and 2). Although using the discrete
transistor requires a few more external compo-
nents to match and interface with the MC13142,
it is preferable for the following reasons:

1. Provides better overall system noise figure
and SINAD performance due to added gain and
lower noise figure.

2. lmproves reverse isolation of the LO at the
antenna port. While the TQFP package is
excellent and is appreciably better than the
SOIC package, it only provides 45 dB maxi-
mum isolation between any two pins.

The additional LNA circuit preceding the
MC13142FTB improves the reverse isolation
by the contribution of the discrete transistor and
the RF bandpass filters. The RF LNA provides
improvement in noise performance, while it
reduces the [TP3. The RF ceramic or SAW pre-
selector filter contributes to 1.5 to 3.8 dB inser-

Communications Quarterly

23



(Consisting of Front and Back-End Combinations)

Input Minimum Output IP3
IP3 Detectable  IM3 O/P
Signal Level
(dBm ) (dBm) (dBm)
-12.5 -117.1 105
52.56
-26.1 -122.7 109.4
97.7
-22.7 -122.8 105.3
83.4
-36.1 -124.1 *109.4
127.7

this example.

Table 2. Noise Analysis of System Receiver
Input Power = -30 dBm
Circuit Circuit Cascaded  Cascaded
Reference Configuration Gain NF
Number Description
(dB) (dB)
1+3 MCI13142 w/o Preamp 117.5 12.07
MC13150 w/o Preamp
1+4 MCI13142 w/o Preamp  135.5 6.43
MC13150 w Preamp
2+3 MC13142 w Preamp 128 6.42
MC13150 w/o Preamp
2+4 MC1342 w Preamp 145.5 5.08
MC13150 w Preamp
*Note that intermod products exceed the output intercept point in

tion loss. This adds directly to the system noise
figure, but the filter is necessary to provide first
image frequency rejection.

Back-end noise analysis

Figure 12 shows the noise model of the
MCI13150 at 83.16 MHz using the first [F SAW
filter specified in the application. Performance
is shown with and without a preamp as in the
MC13142 analysis. Figure 13 shows the circuit

with a preamp. Examination of the data in
Table 1 (circuits 3 and 4) clearly shows the
performance tradeoff with and without a pre-
amp. The noise figure improves from 21.8 dB
without the preamp to 6.3 dB with the preamp.

Cascaded receiver system

noise analysis

The front and back-end circuits in Table 1
are cascaded together in four possible combina-
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Figure 10. Noise analysis diagram of MC13142 with/without MRF9411L preamp.
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tions. Table 2 shows the analysis of overall
gain and noise figure, receiver sensitivity, inter-
modulation, and intercept point performance.
The receiver system consisting of the
MC13142 with an external preamp and the
MC13150 with no external preamp is chosen
over the others because it offers the best overall
performance. The cascaded noise figure and
sensitivity are optimized with maintaining rea-
sonable third order intercept point and intermod
performance. The worst performances for 1IP3
and intermod occur when preamps are used
with both the front and back-end ICs. At -30
dBm input power level, the output intermod
exceeds the output 1P3.

Performance Criteria

The receiver outlined in Figure 5 has the fol-
lowing performance:

« System noise figure is typically 6.5 to 7 dB
* 12-dB SINAD performance -116 dBm to
-118 dBm

* [nput third order intercept point of -23 dBm
* Second image rejection >70 dB
* RSSI dynamic range of typically 100 dB

Other design considerations

Component selection. Component selection
is a critical issue in RF circuit design.
Components used in these radio and wireless
systems must be well characterized and consis-
tent from lot to lot. The Q and tolerance of the
components used in fixed tuned circuits should
be tightly specified. Of the several manufactur-
ers of RF SAW and dielectric bandpass filters
for cellular and cordless phone applications, the
specifications for maximum insertion loss are
somewhat relaxed and varied. If the RF prese-
lector filter has wide and uncertain specifica-
tion limits, this will adversely affect receiver
system performance because the preselector fil-
ter insertion loss adds directly to system noise
figure. These filters are optimized for 50-ohm
load and source terminations; it's important
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MXER e 455kHz
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SAWF C ersmic
Filter
Gi=18dB G2=-3.5dB Gi= 4 dB G4 =4 dB G5= 120 dB
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IP3 = - 15dBm

Figure 12. Noise analysis diagram of MC13150 back-end with/without IF preamp.

Communications Quarierly 25



26

Summer 1997

100n

1H =

RF
Input

o

100p 100nH

O 35 Vdc

> -
510 = 1
15k = s L
680 nH T
PS3906
8.2k 1k FB 100p  pf
Lo <y FO output

MRF941

Figure 13. MRFY411L IF preamp,

that the interface matching is implemented cor-
rectly and that it can be repeated in a produc-
tion manufacturing environment.

PC board layout. In RF circuit design, con-
trolled impedance lines are used to reduce lump
component count and to cut down on manufac-
turing cost. Microstrip techniques are success-
fully used in 900-MHz RF circuit design. The
ICs specified in this receiver are all surface
mount components. Use of these ICs and other
surface mount passive components provides a
very compact layout. The demonstration
receiver pc board is an example of good RF
layout and grounding practices. Chapter 8 of
the Analog IC Data Book discusses the criteria
for good RF layout.

FCC regulation and approval. The receiver
system discussed here isn't considered a final
product, nor is it approved by the FCC. It is the
manufacturer’s responsibility to obtain the
acceptance and the licenses required by the
Code of Federal Regulation (CFR Title 47) to
manufacture and market a radio frequency

product. The main purpose here is to help the
radio designer in his quest with design tech-
niques, application solutions, and recommenda-
tion of suitable semiconductor and passive
components that achieve the performance crite-
ria of the wireless communication system.
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RFM® Publishes New Data Book

RF Monolithics has published a new, com-
prehensive data book detailing its 200-plus
standard products. The 432-page data book,
available at no cost, covers the company’s four
rapidly growing product lines: low-power
components, Virtual Wire™ radio systems, fre-
quency control modules, and filters. To help
designers determine which product is best suit-
ed to their applications, the book contains four
master indexes by product type, part number,

PRODUCT INFORMATION

frequency, and lid symbolization. Also includ-
ed are overviews of each product line, selec-
tion guides, and short-form catalogs. In addi-
tion, application notes and article reprints are
provided to support each of the product lines.
The free data book can be obtained by contact-
ing a local RFM sales representative, listed on
RFM’s Web site at <http://www.rfm.com>, or
by contacting the company directly at 4441
Sigma Road, Dallas, Texas 75244; Phone:
(972) 448-3700, (800) 704-6079; Fax: (972)
387-8148.
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| OADING PROFILES
-OR WIDEBAND

ANTENNAS

Maintain high radiation efficiency with
increased bandwidth

dding impedance loading (resistance
Aand reactance) to an antenna is one of

the most effective ways to increase
bandwidth. This approach has received pro-
gressively more attention since the early 1980s,
and today it’s state of the art for wideband sys-
tems. The choice of a suitable “loading profile”
can maintain high radiation efficiency while
providing a remarkable increase in bandwidth.

Certain types of communication systems

benefit substantially from wideband antennas—

typical examples are spread spectrum, frequen-
cy-agile, and ALE (automatic link establish-
ment) systems. In each case, it is desirable to
maximize antenna bandwidth while maintain-
ing acceptable power gain and radiation pat-
tern. One way to meet this objective is to inten-
tionally add impedance loading to the antenna.
As an example of how effective this technique
can be, the dipole design described below pro-
vides continuous coverage from 6 to 150 MHz
with no tuner or matching network.

RF Source

N\

A

I (@)

Current Profile, I,

C AV

| J—>

N\ z-axis

Radiating Element, Half-Length h, Radius a ‘
z=0

Figure 1. Center-fed dipole.
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Figure 2. Typical current amplitude distributions parametric in profile exponent v.

When designing a loaded antenna, the ques-
tion is how to select an “optimum” loading pro-
tile, because selecting the wrong one can pro-
duce dismal results. Indiscriminately adding
resistance to an antenna obviously deteriorates
performance, and the reduction can be quite
severe. This article describes an improved tech-
nique for computing the required loading pro-
file for simple wire antenna elements and ana-
lyzes several design parameters important in
selecting good profiles. Design guidelines are
then developed for maximizing antenna band-
width. Some results are rather surprising, but
they can lead to substantial performance
improvements over unloaded antennas.

Background

The notion of adding resistance to an antenna
to improve frequency response has been around
for a long time. In 1953, Willoughby!
described resistively loaded wires in a variety
of configurations, including Vees and
Rhombics, used as wideband transmit and
receive antennas. The wires were loaded either
with discrete resistors or with a gradually
tapered resistance profile so the end nearest the
RF source had the lowest resistivity and the end
farthest from the source had the highest.

Resistance can transform a resonant, standing-
wave antenna element into a nonresonant, trav-
eling-wave element, increasing the loaded
antenna’s bandwidth. The distinction between

resonant (standing-wave) and nonresonant (trav-
eling-wave) antenna elements can be illustrated
by considering the center-fed dipole (CFD) in
Figure 1. In the unloaded antenna, resonance
results from the superposition of outward-travel-
ing waves produced by the RF source and
reflected waves generated at the impedance dis-
continuity at the CFD’s free ends.

These two oppositely propagating waves
combine to produce a standing wave that deter-
mines the CFD’s resonant frequency. However,
if the outward-traveling wave were not reflect-
ed, no standing wave would exist and the CFD
would not exhibit resonance. One way to mini-
mize reflections is to add resistance near the
ends of the element to absorb incident energy
that has not been radiated away from the anten-
na, reducing the reflected wave amplitude. This
general principle underlies all resistive loading
schemes. Of course, there are many ways in
which resistance can be added to an antenna,
and different approaches can produce dramati-
cally different results.

The simplest loading scheme is to insert a
resistor in the antenna, as Altshuler? did in the
early 1960s. Altshuler theoretically analyzed
and built a CFD whose input impedance was
for practical purposes flat over a 2:1 frequency
range as a result of adding resistance. Each arm
of the dipole was loaded with one 240-watt
resistor placed a quarter-wavelength from the
end, which resulted in an essentially traveling-
wave current distribution. Because resistance




reduces the radiated power through Joule heat-
ing (i2R loss), the antenna’s bandwidth was
increased at the expense of radiation efficiency,
which was reduced by about 50 percent. This is
the inevitable tradeoff in designing impedance-
loaded wire antennas. Bandwidth is best in
heavily loaded antennas, but the resulting
penalty in radiation efficiency may be too high
to provide acceptable power gain.

Altshuler’s work was a precursor to Wu and
King’s3 landmark paper on continuously loaded
antennas. Their theoretical study forms the
basis of all recent efforts to improve antenna
bandwidth by adding resistance. Unlike the dis-
crete resistor approach, the Wu and King load-
ing profile varies continuously along the anten-
na element and can be implemented with a con-
ductive surface layer of different materials (alu-
minum and carbon, for example) of varying
thickness. Profiles based on the Wu-King (WK)
theory provide good bandwidth but, unfortu-
nately, relatively poor radiation efficiency
because the antenna is heavily loaded.

The performance of continuously loaded
antennas has been impressive. Using the full
WK profile, for example, Kanda? built a small
loaded-CFD receive-only field probe with
essentially flat response from HF to beyond 1
GHz. It was resistively and capacitively loaded
by depositing a segmented, conductive thin-
film of varying thickness on a glass rod sub-
strate. Narrow rings were burned away using a

laser to separate conductive segments and pro-
vide the reactive component of the loading pro-
file. This sensor was so heavily loaded, howev-
er, that its radiation efficiency was far too low
for it to be useful as a transmit antenna (transfer
function typically below -22 dB).

Of perhaps greater interest is the continuous-
ly loaded HF monopole designed, built, and
tested by Rama Rao and Debroux .56 Their 35-
foot high antenna provided SWR < 2 from 5 to
30 MHz and radiation efficiency in the 15 to 36
percent range. Because the full WK profile gen-
erally results in poor radiation efficiency, Rama
Rao and Debroux used a fractional loading pro-
file equal to 0.3 times the Wu-King profile (**30
percent profile”), along with a fixed, lumped-
element matching network. In addition to frac-
tional loading profiles, other profiles have been
proposed that combine resistance and inductance
to improve bandwidth and efficiency,’ but these
aren’t discussed in detail here.

This article describes a modification to the
WK profile that increases the average antenna
current, resulting in higher radiation efficiency,
while maintaining the traveling-wave current
mode necessary for increased bandwidth.
Because the fields radiated by an antenna are
proportional to its Id! product (current
moment), increasing the average current
increases the radiated fields, which in turn
improves efficiency. The current distribution
produced by the WK loading profile decays lin-
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Figure 3. Computed input SWR for 175-ohm feed system impedance.
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Figure 4. Monopole input resistance.

early along the antenna. The improved profile
produces a traveling-wave current mode with a
power law amplitude decay, of which the WK
profile is a special case.

WuKing Theory

Figure 1 shows a CFD antenna consisting of
two radiating elements of length 4 and radius a.
The amplitude of the current profile is plotted
schematically along one element’s length.
Maximum current occurs at the RF source at
the feedpoint, and the current magnitude
decreases along each arm until reaching zero at
the end.

[n the WK model, the CFD is assumed to
have an internal impedance profile along the
wire element given by Z' (z) = R! (), where Z!
is the (complex) internal impedance per unit
length (ohms/meter) consisting of lineal resis-
tance and reactance R', and where j = V-1,
Wu-King develops the differential equation sat-
istied by the current /_, and then determines by
inspection that a traveling-wave current mode
exists for one particular impedance profile Z'.

The WK current distribution is:

IZ(:)==(1 - %‘ )exp(—jko ’z’).

Linear Traveling Wave Factor

Amplitude Decay

which consists of the product of a linearly
decreasing (“straight line”) amplitude and a
traveling-wave propagation factor in the com-
plex exponential term. The wave number is &k, =
2r/A,. The propagation factor represents a cur-
rent wave progressing outward along each
dipole arm. There is no reflected wave propagat-
ing toward the source to form a standing wave
pattern, and consequently no resonance effect.
This current distribution exists only when the
CFD element has a specific “1/z” internal
impedance profile. The required profile is given
by:
60(y/h) )

’

Zi(z)=

<

l_h

where = yp + jy; is the complex expansion
parameter discussed in Altshuler? with real and
imaginary parts subscripted R and /, respective-
ly. wis the ratio of the antenna element’s vec-
tor potential to current and is approximately
constant along its length. The 1/z profile
Equation 2 is the basis for the resistive loading
used in References 4, 5, and 6.

The expansion parameter is defined as:3

(D y=2 [sinh-l(%) ~C (2k,a.2k ) — jS (Zk(,a.2k,,h)]

L [1expj2khl @)
I\':)h
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C and S are the generalized sine and cosine
integrals3-8 given by:

C(b,x): JZ( !_Mdu (4a)
0 W

S(b,x)= [ sinWgy, (4b)
o W

where W = (12 + b2)1/2,

Because W is frequency dependent, it is usual-
ly evaluated at the antenna’s fundamental half-
wave resonance; that is, A, = 4h (see Reference
3 for details). However, this choice is not neces-
sarily the best. The design frequency f,(Hz) and
the corresponding wavelength A, (meters) are
related by f,A, = c, where ¢ = 2.998 x 108
meters per second is the free-space velocity of
light. Note that the design frequency f, for eval-
uating y is not the RF source frequency.

Improved loading profile

The 1/z profile is a special case of a more
general profile that results in higher radiation
efficiency. The first step in deriving the gener-
alized profile is to assume a power law travel-
ing-wave current distribution. The next step is

to substitute this assumed current distribution
into the current equation developed by Wu and
King, which then yields the condition that must
be satisfied by the element’s internal imped-
ance in order to generate traveling-wave-only
modes. This approach is fundamentally differ-
ent from the WK approach, because the loading
profile for a particular traveling-wave current
mode is now an unknown determined by solv-
ing the appropriate equations.

The generalized CFD current distribution is
assumed to be of the form:
1.(2)=Ch-lzl)" exp(—jk, |z, (5

Power Law  Traveling Wave Factor
Amplitude Decay

where C is a complex constant determined by
the current at the feedpoint. The current ampli-
tude decays with a power law variation with
exponent v, instead of a linear decay. When v =
1 the Wu and King case is recovered, but when
v # | the more general case is obtained. Figure
2 shows typical current amplitude distributions
parametric in the profile exponent v. 1t is appar-
ent that values of v less than 1 can lead to sig-
nificantly higher average antenna currents.
Radiating elements with these current distribu-
tions are more efficient than those using the 1/z
loading profile that corresponds to v = 1.

The internal impedance profile that produces
traveling-wave-only currents of the form in
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Figure 6. Loaded monopole’s maximum power gain.

Equation 5 is determined as follows. The
derivatives gy and d21.

dz dz?

are computed and substituted into the equation
satisfied by I, (z), which is Wu and King’s
Equation 11. This generates the equation that
must be satisfied by the auxiliary function f{(z)
introduced in WK Equation 9. ts solution is:

. v-1
se=ava-leh 2 {15 T b e

The impedance profile is determined by f(z).
Equation 6 generalizes Wu and King's
Equation 12 and recovers their results exactly
whenv=1.

The loading profile resistance and reactance
per unit length are computed trom f(z) and are

given explicitly by:
V)Y }
(7a)

Ri(z)=60v(h-]|z ?)”{"’R’Zk W Te]

. B _(=v)yp
X‘(Z)=60V(h—,2,)vz{v/[ 2k (h—’ l)}(7b)

27

k =
0" A

Q

where is the wavenumber.
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The corresponding lineal inductance
(henry/meter) or capacitance (farad/meter)

are given by L' = X/w,, and C! = 1/(w,XY),
respectively, for X/ > 0 and X! < 0. The circu-
lar frequency is ®, = 27f,, where f, is the
design frequency (Hz) at which y is computed
and f, = c/A,,.

The improved loading profile in Equation 7
contains both resistance and reactance. But
adding reactance to a wire antenna, especially
capacitive reactance, can complicate construc-
tion. As a consequence, many practical
designs employ only resistive loading, because
excellent results are often achieved even with-
out the profile’s reactive component (see
References 5 and 6, for example). In the
antenna designs discussed below, only resis-
tive loading is considered.

Discrete loading

Building a continuously loaded antenna can
be a formidable task—especially if some exotic
technique is required (for example, vapor depo-
sition of a conductive thin-film layer), or if
reactive loading is included. An effective alter-
native to the continuous-loading profile in
Equation 7 is to construct an approximate pro-
file using only discrete resistors at intervals
along the antenna.

The discretely loaded antenna consists of
highly conducting (for practical purposes, per-



fectly conducting) cylindrical wire segments ous coverage from about 12 MHz to beyond

connected together by resistors. Single resistors 150 MHz with no antenna tuner or matching
can be used; large diameter radiators are pre- network. [n subsequent sections, we’ll investi-
ferred for multiple resistors. Discrete loading gate the effects of key loaded antenna design
can provide exceptional bandwidth and effi- parameters by examining the computer-mod-
ciency, better even than a continuous profile, eled performance of a typical HF-VHF CFD
and it does so without the problems associated using discrete resistance-only loading.
with continuous profiles or reactive loading.
Because of these advantages, only discrete
loading profiles are considered here. loaded HF-VHF monopole

A discrete profile may be computed by first
dividing the CFD into an odd number of equal To illustrate the effect of loading an antenna,
length segments, N. The center segment, which a profile was computed for a monopole element
contains the RF source, is not loaded. All other fed at its base against an infinite, perfectly con-
segments are loaded with a lumped resistance ducting ground plane. The radiating element
placed at the segment center. The value of the height is 5.83 meters and its radius is 2.54 cen-
resistor is computed as the product of the seg- timeters. The design frequency, £, is 12.86
ment length (in meters) and the value of the MHz (approximately the fundamental reso-
continuous loading profile evaluated at the seg-  nance), and the power law exponent v is 0.05.
ment center (R in ohms/meter from Equation At the design frequency, ¥ = 8.961-j2.431.
7A). Loading profiles for monopole antennas A resistance-only profile was computed at 14
are computed in the same way, but the number discrete, equally spaced loading points along
ot segments isn't restricted. This approach pro- the antenna using Equation 7A. The profile is
vides a piecewise linear (step) approximation to tabulated in Table 1. It increases very gradual-
the continuous loading profile. There is, of ly from 0.419 ohms near the base of the mono-
course, an infinite number of discrete approxi- pole to about 787 ohms near the top. Reactive
mations, and nonuniform profiles might result loading from Equation 7B, in this case induc-
in even better antenna performance. However, tive, was not included.
only the uniform step approximation is consid- The monopole antenna’s performance was
ered here. computer-modeled for RF source frequencies

In the next section, I describe a discretely from 1 to 150 MHz (upper limit of the model).
loaded monopole design that provides continu- The computed input SWR for a feed system
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Figure 7. Monopole’s radiation efficiency.
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Height
(meters)
0.208
0.625
1.041
1.458
1.874

2.290
2.1707

Resistance Height Resistance
(ohms) (meters) (ohms)
0.419 3.123 1.889
0.489 3.539 2.689
0.581 3.956 4.129
0.699 4.373 7.131
0.859 4.789 15.102
1.080 5.205 49473
1.401 5.622 786.910

Table 1. Monopole loading profile.
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impedance of 175 ohms appears in Figure 3
(calculated points are marked by X). Because
SWR was computed for a 175-ohm characteris-
tic impedance, feeding this antenna with the
usual 50-ohm coaxial line requires a 3.5:1 unun
or another suitable broadband transformer.

The monopole’s performance is excellent at
all frequencies above 36 MHz. The SWR is
below 2 from 36 to 150 MHz. It’s somewhat
worse from approximately 12 to 36 MHz,
reaching a maximum of 3.3 at 25 MHz. Below
11 MHz, SWR increases rapidly due to increas-
ing capacitive reactance and decreasing radia-
tion resistance. This behavior is characteristic
of electrically short antennas and is evident in

the monopole’s feedpoint resistance and reac-
tance plots in Figures 4 and §, respectively.
The data in these curves were used to compute
the SWR plot in Figure 3.

The impedance bandwidth is remarkably
good, especially considering that there is no
matching network and only discrete resistive
loading is used. No attempt was made to further
improve the loading profile by, for example,
modifying computed resistance values (typical-
ly a fractional or a nonuniform profile) or by
adding reactance. Such adjustments can fre-
quently yield even better performance, but they
aren’t considered further.

The following comparison illustrates just
how dramatic the effect of loading an antenna
can be. For an unloaded monopole, the band-
width for SWR < 2.5 (50-ohm feed) is typically
15 to 25 percent of its A/4 frequency, depend-
ing on the length-to-diameter ratio. A mono-
pole A/4 high at 12.86 MHz, like the one con-
sidered here, would exhibit a bandwidth no
greater than 3.2 MHz. In marked contrast, the
same antenna with loading has a bandwidth of
more than 115 MHz, a very substantial
improvement indeed!

Of course, SWR bandwidth by itself doesn’t
guarantee a good antenna. For example, con-
sider a dummy load: its response is flat, typi-
cally well into the UHF range, but its radiation
efficiency is practically zero. The dummy load
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at all. These maximum gain values are surpris-
Distance Resistance Distance Resistance ingly good for an antenna providing as much
(meters) (ohms) (meters) (ohms) bandwidth as the loaded monopole.
0.00 0.00 6.07 12.30 Of course, the fundamental issue in choosing
0.76 3.86 6.83 15.99 an effective impedance-loading profile is the
1.52 436 7.59 21.89 tradeoff between bandwidth and radiation effi-
2'28 4.08 8.3 4 32'31 ciency. The merit of a particular profile is
3' 03 5'7 6 9' 10 p 3' 90 determined primarily by these two performance
) ) ‘ : measures. An examination of the monopole’s
3.79 6.75 9.86 113.47 SWR curve (Figure 3) showed it to be more or
4.55 8.05 10.62 438.06 less flat from 36 to 150 MHz, with somewhat
5.31 9.82 higher, but still acceptable, SWR from 12 to 36
MHz. The second measure of merit, radiation

Table 2. Prototype CFD loading profile.
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is obviously not suitable as an antenna, even
though it has excellent SWR bandwidth. Two
other key measures of antenna performance,
maximum gain and radiation efficiency, must
also be considered.

The loaded monopole’s power gain (product
of directive gain and efficiency) is plotted in
Figure 6 in dBi (decibels relative to an isotropic
radiator). The gain at 10 MHz is nearly 3 dBi,
and from 10 to 150 MHz it’s mostly in the 4- to
6-dBi range. For comparison, the maximum
power gain of a half-wave CFD in free space is
2.15 dBi. The monopole with the improved
resistance profile exhibits power gains compara-
ble to those of similar antennas with no loading

efficiency, is plotted in Figure 7. The efficien-
cy is generally above 60 percent over the entire
range from 10 to 150 MHz, with only minor
dips below 60 percent and in some regions
where it is near or above 70 percent. Even the
minimum efficiency value of 45 percent or so
near 35 MHz is quite acceptable. The improved
resistive loading profile has resulted in an
antenna with exceptionally good SWR band-
width, relatively high power gain, and very
acceptable radiation efficiency.

Profile design parameters

There are several parameters that influence
how well a particular loading profile performs,
and there is not one “best” profile. Important
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design parameters include: (1) value of the pro-
file exponent, (2) design frequency, (3) wire
length-to-diameter ratio, and (4) number of
antenna segments (number of discrete resis-
tors). Certain parameters are more important
than others (in the sense of having a relatively
greater impact on performance), and for some
parameters the results are unexpected.

These four design parameters are discussed
below for typical HF/VHF CFD designs.
Radiation efficiency and SWR are examined
for RF source frequencies between 2 and 150
MHz. Other important measures of antenna
performance (power gain and pattern, for
example) aren’t considered in detail because
they are usually acceptable in an impedance-
loaded antenna with a good loading profile. For
example, the maximum gain figures for the
monopole antenna described above are typical
of well-designed impedance-loaded radiators.

The prototype CFD considered below has the
following design parameters: L = 22 meters, D
= 10 centimeters, f, =7 MHz, v=0.4, N = 29,
= 8.822-j2.464. In the following sections,
individual parameters will be varied to study
their influence on antenna performance. There
is no reactive or feedpoint loading, and the full
(100 percent) profile is used.

The prototype CFD’s discrete resistance-only
profile, computed as described above using

Equation 7A, appears in Table 2. Distance is
measured from the origin, and the loading is
symmetrical in each arm of the CFD. The load-
ing resistance increases slowly from 3.86 ohms
on either side of the RF source (+0.76 meter
from the center) to just over 438 ohms in the last
segment (located +10.62 meters from the
source). This very gradual increase in resistance
is typical of more efficient loading profiles.

Profile exponent

Probably the most important design parame-
ter in determining radiation efficiency is the
value of the profile exponent, v, which deter-
mines how quickly the current amplitude
decays along the dipole. Slower decay (lower
v) results in a higher average antenna current,
which increases the radiated fields and, conse-
quently, the efficiency. The efficiency improve-
ment can be quite dramatic. The tradeofT is that
decreasing v increases the peak standing-wave
ratio (SWR) and causes it to fluctuate more
with frequency.

The influence that v has on radiation effi-
ciency and SWR s illustrated in Figures 8 and
9. These plots show computer-modeled data
for the [0-centimeter diameter, 22-meter long
CFD with N = 29 and a 100-percent, resis-
tance-only loading profile computed at a
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the lowest SWR. (B) When v = 0.4, f, results in

Figure 11. (A) Selecting f,, = 70 MHz when v = 1.0 results in generally

an SWR < 2 across most of the band.
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Figure 12. Larger diameter antennas have better radiation efficiency at all frequencies for both values of v.

design frequency f, = 7 MHz. Efficiency and
SWR are plotted as a function of the RF source
frequency from 2 to 150 MHz. Calculations
were made every | MHz.

The profile exponent v has a very significant
effect on radiation efficiency, with lower values
resulting in higher efficiencies. The curve in
Figure 8 for v = 1, which corresponds to the
100-percent WK loading profile, shows that the
efficiency increases from about 1 percent at 2
MHz to about 54 percent at 150 MHz. The
variation with frequency is smooth and monot-
onic. But as v decreases, the efficiency increas-
es progressively more rapidly, especially at
lower frequencies. When v = 0.2, the efficiency
increases from about 14 percent at 2 MHz to
more than 65 percent at 10 MHz—a 51-percent
increase in a span of only 8 MHz. Beyond 10
MHz, the efficiency fluctuates more or less
periodically, with a gradually increasing trend
until it reaches a maximum above 75 percent at
150 MHz. For v = 0.05, the efficiency exhibits
a pronounced quasi-periodic fluctuation. But its
minimum value is more than 68 percent and the
maximum is well above 80 percent.

Figure 9 plots SWR parametric in v for an
RF source characteristic impedance of 375
ohms. If a different feed system impedance is
used, an appropriate balun or other broadband
transformer is required. For v = 1.0, the SWR
varies smoothly from a maximum of greater

than 2:1 at 12 MHz to a minimum of about 1.45
near 67 MHz. It then increases gradually above
67 MHz with a slight dip near 150 MHz. The
curves for v = 0.8 and 0.6 show the same gener-
al trend. But, significantly, the SWR is general-
ly lower with decreasing v, even though it fluc-
tuates more at lower frequencies.

Figure 9B plots the SWR for v = 0.4 and 0.2.
The SWR is generally lower for v = 0.4 than it
is for v = 0.6, but the variability with frequency
is much greater and the peak values are higher
at some frequencies. For v = 0.4, the SWR
exceeds 2:1 between about 12 and 16 MHz, but
it is below 2 for v = 0.6. As v decreases to 0.2
and then to 0.05, Figure 9C, the SWR fluctua-
tion becomes more pronounced and the peak
values are higher. The minimum SWR values,
however, are generally lower, and, on average,
the SWR is still well below 2:1.

The best choice for v is evidently the lowest
value that provides acceptable SWR at frequen-
cies of interest. Choosing v in this way ensures
the highest possible radiation efficiency, and
the improvement is usually substantial.

Design frequency
The design frequency, f,,, is another impor-

tant parameter in determining a good loading
profile. Although it appears to be accepted
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Figure 14. Efficiency curves show the least segmented area provides the best performance.

practice to choose f, close to the CFD half-
wave resonance frequency (see Reference 3,
for example), this choice isn’t necessarily the
best. Because the expansion parameter, which
plays a major role in determining the loading
profile, is frequency dependent, the actual
choice of design frequency must be based on
how much a given loading profile improves
bandwidth while still providing good radiation
efficiency. There’s no other sensible scheme
tor determining f,,, because there’s no theoreti-
cal basis for choosing one value over another.
Therefore the best approach is empirical, which
is the approach adopted here.

Radiation efficiency and SWR plats for three
design frequencies and two values of the profile
exponent v are shown in Figures 10 and 11 for
a 22-meter-long, 10-centimeter-diameter CFD
with N=29 and a 100-percent, resistance-only
Joading profile. Values of 7 MHz (approxi-
mately the half-wave frequency), 35 MHz, and
70 MHz were used for £, with v = 1.0 and 0.4
at each frequency. Except for the fundamental
resonance, f, was chosen arbitrarily. Other
choices would yield different results, but the
observations made here are still generally
applicable.

As expected, the lowest efficiencies in
Figure 10 result trom the most heavily loaded

profile (v = 1.0). The efficiency increases with
frequency and shows slightly more variability
at the higher design frequencies. The less heav-
ily Joaded profile (v = 0.4) is much better, espe-
cially between 2 and 10 MHz. The higher val-
ues of f, increase the fluctuation in the efficien-
cy, but the variability isn’t great.

The most important feature of the efficiency
data is that higher design frequencies result in
substantial improvements. f;, has a major
impact on radiation efficiency, and its influence
is greater for profiles with lower values of v.
Because the efficiency increases with decreas-
ing v, the influence that f,, has becomes even
more important. Thus, even though the 22-
meter CFD has a fundamental resonance near 7
MHz, choosing a design frequency that is /0
times greater provides better performance. For
example, as the curve for v = 0.4 shows, the
radiation efficiency at 10 MHz is about 45 per-
cent when £, =7 MHz, but it increases to 67
percent when f,, is increased to 70 MHz. The
higher design frequency produced a much bet-
ter antenna.

The advantage of a higher design frequency
is also evident in the SWR plots of Figure 11.
It’s quite significant that selecting f, = 70 MHz
when v = 1.0 (Figure 11A) results in generally
the lowest SWR across the entire 2- to 150-
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MHz band. When v = 0.4 (Figure 11B), choos-
ing f, = 70 MHz results in SWR < 2 across
most of the band. The variability is greater and
the SWR is not consistently lower with increas-
ing f,,, as it is when v = 1.0. But these effects
are minor and better overall performance usual-
ly results from higher values of f,,.

Radiating element
length-to-diameter ratio

Performance data for various L/D ratios
appear in Figures 12 and 13. Radiation effi-
ciency and SWR were computed for radiating
element diameters of 0.1, 1, and 10 centimeters
with profile exponents of v = 1.0 and 0.4. The
corresponding L/D ratios are 22,000, 2200, and
220, which represent antennas ranging from
“extremely thin” to “thin.” The CFD is 22
meters long with 29 segments and a 100-per-
cent resistance-only loading profile computed
at a design frequency of f, = 7 MHz.

Increasing the element diameter is a standard
broadbanding technique for wire radiators. It is,
therefore, not surprising that a larger diameter
impedance-Joaded CFD exhibits better overall
performance than its thin counterpart. In
Figure 12, for example, larger diameter anten-
nas have better radiation efficiency at all fre-
quencies for both values of v. The improvement
in efficiency becomes progressively greater at
higher frequencies and approaches a factor of 2
at the high end of the band. For the profiles
with v = 0.4, increasing the element diameter
also reduces fluctuations in the efficiency
curve. The curve for D = 10 centimeter. for
example, 1s much flatter than the curve for D =
0.1 centimeter. This effect isn’t evident in the
heavily loaded profiles when v = 1.0.

SWR curves for v = [.0 appear in Figure
13A. The largest diameter element provides the
best performance, especially at lower frequen-
cies. Its SWR is below 2.5 at all frequencies
above 6.5 MHz and is below 2 above approxi-
mately 12 MHz. The SWR decreases quickly
up to about 30 MHz and flattens out below 1.5
for most of the rest of the band. By contrast,
SWR for the very thin element (D = 0.1 cen-
timeter) is high, being above 2 throughout the
band and above 2.5 below 30 MHz. The very
thin radiator thus fails to provide acceptable
SWR even though it is very heavily loaded.

Similar SWR behavior appears in the curves
for v=0.4 in Figure 13B. The fattest element
provides the best performance. Its SWR is
below 1.5 over most of the band and below
2.15 at all frequencies above 6 MHz.
Decreasing the diameter to 0.1 centimeter
increases the SWR, but not as much as it did
for the more heavily loaded profile with v =

1.0. When v = 0.4, however, the SWR variabili-
ty becomes much more pronounced for smaller
element diameters.

Building an antenna with a low L/D ratio—
that is, making it “fatter”-—may be difficult if
too large a diameter conductor is required.
Fortunately, a continuous cylindrical surface
often can be approximated by a sufficient num-
ber of parallel wires (usually < 8) uniformly
spaced around the cylinder’s circumference.
This dipole structure, sometimes called a “cage
dipole” because of its resemblance to a bird
cage, offers a convenient and effective alterna-
tive to large diameter cylinders for low L/D
ratio designs, which are clearly superior.

Segmentation

Radiation efficiency and SWR data for dif-
ferent segmentation (values of N) appear in
Figures 14 and 15. The results are somewhat
surprising. A 22-meter-long, 1-centimeter-
diameter CFD was modeled with N =29, 59,
and 119 segments. A 100-percent, resistance-
only loading profile with v = 1.0 and 0.4 was
computed at a design frequency of f, = 7 MHz.

The efficiency curves in Figure 14 show that
the least segmented antenna (N = 29) provides
the best overall performance. As the segmenta-
tion increases, radiation efficiency generally
decreases, although the change isn’t great from
N =59 to [19. This result is unexpected, as
increasing segmentation presumably provides a
better approximation to the continuous loading
profile. However, the data show quite convinc-
ingly that the net effect of adding more discrete
resistance is to increase the iR losses more
than the radiated power, resulting in lowered
efficiency. This effect occurs for both values of
the profile exponent v. As is typically the case,
the efficiency fluctuates more with frequency
as v decreases, and the variability is greatest at
the low end of the band. One beneficial effect
of increasing N is to reduce the fluctuation
somewhat, but the change is not pronounced,
and it occurs only when v = 0.4.

The SWR data in Figure 15 aren’t as clear
cut as the efficiency data in Figure 14, but the
general conclusion is still that the lowest seg-
mentation probably provides the best overall
performance. For v = 1.0, the SWR is lowest
for N = 29 at frequencies below approximately
90 MHz (roughly 12 times the fundamental res-
onance). In the same frequency range, it is not
significantly different from the N=59 or 119
values, even when v = 0.4. Above 90 MHz, the
antenna with N = 59 performs best for both val-
ues of v, but the 119-segment design is very
close. Nevertheless, in that same frequency
range, “eyeball average” SWRs for N = 29 are,
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say, 1.6 for v = 1.0 and 1.65 for v = 0.4, which
are very good indeed. Thus, the least segment-
ed antenna provides very robust SWR perfor-

mance at all frequencies across the entire band.

Conclusion

This article has examined impedance-loaded
wideband antenna elements and described an
improved loading profile. Adding resistance
and reactance to an antenna can dramatically
improve bandwidth, but doing so reduces radia-
tion efficiency. The tradeoff between greater
bandwidth and reduced efficiency is not arbi-
trary. Some loading profiles are far better than
others for designing wideband antennas.

Previous theoretical profiles, especially when
modified as fractional profiles, provide a sound
basis for loaded element design that yields
good results. The improved loading profile
described here generalizes the previous theoret-
ical work to a power law traveling-wave cur-
rent mode, which increases the average antenna
current, improving radiation efficiency.
Computer-modeled SWR and efficiency data
show that the improved profile does indeed
provide better performance than previously
used profiles. The new method for calculating
element loading promises to yield better anten-
nas in terms of bandwidth and efficiency and
will, hopefully, be put to good use to accom-
plish this goal.

This article has also investigated key design
parameters for wire radiators loaded with uni-
form-step, discrete, resistance-only profiles.
Observing the following guidelines should
result in wideband antenna designs with very
good performance:

(a) Perhaps the most important design para-
meter is the profile exponent v. Lower values of
v result in higher radiation efficiencies and the
improvement is very significant. The optimum
value for v is the smallest value that provides
acceptable SWR at frequencies of interest.

(b) Because the design frequency f,, is usually
chosen near the fundamental CFD resonance, it
is somewhat surprising that higher frequencies

generally result in substantially better radiation
efficiency. This effect is especially evident in
loading profiles with smaller values of v. Higher
values of f, also usually give better overall SWR
performance. The optimum value for f, is, there-
fore, the highest value that provides acceptable
SWR at frequencies of interest.

(¢c) The lower the L/D ratio, the better. Large
diameter radiating elements provide much more
bandwidth than thin ones in any wire antenna,
even antennas without impedance loading. A
large diameter radiator makes it easier for
impedance loading to maximize bandwidth
even further. If necessary, large diameter con-
ductors can be approximated by a sufficient
number of parallel wires (usually at least eight).

(d) Reducing segmentation (the number of
discrete resistors used to approximate a contin-
uous loading profile) results in somewhat better
radiation efficiency. SWR isn't particularly
sensitive o segmentation at “low™ frequencies,
and it is slightly better with increased segmen-
tation at “high” frequencies. For a thin antenna,
low frequencies are less than about 12 times the
fundamental resonance, and high frequencies
are greater, but this boundary is not well
defined. The segmentation design guideline is,
therefore, 10 use the smallest number of discrete
resistors that meets the SWR objectives. |
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New Toshiba MCUs for Handheld Battery-
powered Applications

Toshiba America Electronic Components,
Inc. (TAEC) has added six new members to its
TLCS-870 microcontroller (MCU) line. These
devices can operate at voltage levels as low as
1.8 volts and are ideal for handheld battery-
powered applications.

PRODUCT INFORMATION

The MCUS  are equipped with a six-channel,
8-bit S/D converter that operates down to 1.8
volts. They also have 412 basic instructions
allowing for a reduced program size. Ten inter-
rupt sources let the MCU respond faster to real-
time system requirements,

To learn more contact TAEC, 9775 Toledo
Way, Irvine, California 92718; Phone: (800)
879-4963.
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PRODUCT INFORMATION

High Grade VCXOs Made to Order and
Expedited by Jan Crystals

High stability VXCOs are now being made
to order by Jan Crystals, in frequencies from |
MHz to 40 MHz. Expedited service is available
for orders of any size.

Jan offers voltage controlled crystal oscilla-
tors made to customer specifications, in either
14 pin DIP or 8 pin DIP packages with rugged
resistance welds. High stability, £3ppm @ 5V
+10%, and wide pullability, maximum 300
ppm %150, make the Jan oscillators suitable for

a wide range of applications. All feature tight
linearity and output symmetry, 50% +10%,
with control voltage of +2.5 +2V and an output
load of 10 TTL +15pF. Other standards include
a VoH level of +2.4V minimum, VoL level
+0.4V maximum, and rise and fall time of 6 ns
maximum.

Jan VCXOs are stable over wide temperature
ranges, operating from -35°C to +80°C and
storing from -125°C to +155°C.

For more information, contact Jan Crystals;
Phone: (800)-JAN-XTAL (526-9825); Fax:
(941) 936-3750.
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And on Ground Effect Calculation

hen an antenna is operated close 1o
ground, the close-in electric field is
modified because the ground dielec-

tric constant is different from that of free space,
or of air. Only in rare cases is there a direct
change in the magnetic field of the antenna, as
most soils are nonmagnetic. However, a loss is
almost always introduced because most soils
are partly conductive.

Because these factors cause the near fields of
even simple antennas above ground to become
markedly nonsymmetric, the magnitude of the
effects is especially difficult to analyze. Several
very approximate methods have been devel-
oped. One is to assume that the effect on the
antenna can be neglected, that the antenna char-
acteristics are the same as in free space. This
gives a value of 73+j42.5 for an infinitely thin
halt-wave dipole. For very great heights, this
*no calculation method™ is nearly true, but the
effects of the ground start to be noticeable for
heights of 3 to 5 wavelengths.

Another method assumes that the ground can
be replaced by a sheet of metal, a perfect
reflector. Such analysis is easy. Simple geome-
try is maintained and the ground can be
replaced by a mirror-image antenna. the two
spaced twice the height above ground. This
leads to the thin dipole drive resistance curve of
Figure 1, developed from data in Kraus.!
However, the curve below 0.2 wavelength is
highly suspect because the zero ground resis-
tance would lead to nearly infinite current in a
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Figure 1. Drive resistance of an infinitely thin dipole antenna above perfect ground.
The free-space value is shown. After Reference 1.

resonant antenna just above ground. (There is

an equivalent curve for drive reactance, but this

variation is universally ignored in texts.)
Remember that these two methods were the
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Figure 2. Drive resistance of an infinitely thin dipole above earth as calculated by
the “exact image” theory. The curve parameters are the complex ground dielectric
constant, A+jB. The perfect ground case is shown dotted. After Reference 4.

only ones available for practical use until
recently—as in the popular antenna analysis
program, MININEC, and its derivatives. For
MININEC, one must be suspicious of the drive
characteristics for low height antennas. Note
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Figure 3. As Figure 2, but showing drive reactance. After Reference 4.
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that there may be secondary effects, the most
noticeable being overly optimistic values of
lobe nulls.

More accurate methods

There are several more accurate analysis
methods. The first is based on the concept that
the reflection from the ground is not the unity
value implied by the perfect ground analysis,
but some smaller value instead. This is ex-
pressed as a complex number to account for
both loss and dielectric constant. While appre-
ciably better than the ideal ground method, this
“reflection coefficient analysis” analogy isn’t
perfect. In the case of segmented antennas, it
exaggerates the influence of a segment on its
mirror image and approximates that of other
segments. Read References 2 and 3 for addi-
tional data on this method.

Another technique is based on solution of
what are known as the Sommerfield equations,
a mathematically exact method nearly 100
years old. The problem with this method is that
the relations become so complex that approxi-
mate solutions must be used. The Sommerfield
method is known to be more accurate than the
reflection method, with both better than the
free-space or ideal ground method.
Unfortunately, the calculation approximations
mean that results at low heights must also be
viewed with suspicion.

I haven’t undertaken a full study of the limita-
tions of these methods, nor have I found one in
the literature. I have not found a comprehensive
comparison of measured antenna impedances
versus height where the ground characteristics
have been determined accurately. Without a full
theory or a set of careful measurements, it isn’t
possible to be certain of the range of usefulness
of the above approximations.

The "exact image" method

There is, in the literature, another approach to
ground effects calculation. This is based on
the image antenna concept, but modifies the
current on the image antenna to account for the
presence of ground, so it’s called “the exact
image” method. The equations are also com-
plex and must be solved by approximations, but
the form indicates that results accuracy is not
too sensitive to height. Also, several special
cases can be compared with exact theory, and
indicate that the relations are “well-behaved.”

The results given in the reference show
what’s happening with a half-wave dipole close
to earth. Figure 2 is the drive resistance for
several values of ground parameters. Here the
form A+jB indicates the complex dielectric
constant, also expressed as Er-jS/(2*Pi*F*Eo),
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Figure 4. Drive resistance variation with antenna diameter an

d height. Omega is the thickness parameter,

2*Logn(2*Pi*b/a), where b is the length of the antenna and a is its radius. After Reference 4.

where Er is the relative permittivity of the
earth, S is its conductivity, F is the frequency,
and Eo is the permittivity of free space.

The curve labeled 5-j5 represents a poor
soil. For such soils, the drive resistance oscil-
lates about the free space value of 73 ohms. A
larger value of the j-term means higher soil
conductivity. With higher conductivity soils,
the drive resistance tends toward the ideal
earth values (shown dotted). Note that certain
heights can provide the same drive resistance
for different soils, a fact which complicates
use of antenna input impedance for measure-
ment of soil conditions.

Figure 3 shows the drive reactance. The
same oscillation about the free-space reactance
occurs, around 42.5 ohms (dipoles must be
shorter than a half wave to show resonance). At
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low heights, the amount of shortening needed
for resonance increases for most soil condi-
tions. Comparing curves shows that very high
conductivity with antennas close to the ground
essentially leads to a short-circuited antenna of
zero drive impedance.

Figure 4 shows, in detail, the behavior of the
drive resistance as the ground conditions move
toward ideal earth. The ground parameter is
expressed in the form E=(1+2"n)*e”-jTheta,
with n and theta plotted. The drive resistance is
sensitive to the magnitude of the complex
dielectric constant, E, but insensitive to its
phase angle.

For low conductivity soils low in water con-
tent, very low antennas behave as if they were
partly surrounded by fairly good insulation. This
reduces the wave velocity, thereby effectively
increasing the antenna length, without much
change in drive resistance. Where high conduc-
tivity is due to large moisture content, the drive
resistance moves toward the ideal earth condi-
tion: due to the high dielectric constant of water
there is also a change in effective length, which

Figure 5. Drive resistance of an infinitely thin antenna for various values of
the complex ground dielectric constant in the complex form, see text. The
perfect ground case is shown dotted. After Reference 4.

shows as an increase in the reactance.

These curves are for infinitely thin dipoles.
One of the features of this analysis method is
that the drive impedance Zd is of the form
Zd=Zf+Zg, where Zf is the free space imped-
ance and Zg is the contribution of the ground
(actually, that of the exact image of the anten-
na). This leads to the drive resistance curves of
Figure 5. The parameter here is the thickness
factor, 10 representing a dipole of tubing, 18 one
of fairly heavy wire, and infinity representing an
extremely thin wire—perhaps an “invisible”
antenna. These curves are for the 5-j5 soil type.

Measuring up

Table 1 is a compilation of the calculated
drive impedance of a half-wave dipole at vari-
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tance is also for an infinitely thin antenna.

EXACT SOMMER-
HEIGHT IMAGE FIELD
1.0 82+j36 74+j41
0.9 79+j39 80+j41
0.8 81+j45 83+j47
0.7 70+j50 76+j52
0.6 61+j50 69+J48
0.5 67+j37 70+J38
0.4 83+j38 83+)36
0.3 86+J)45 90+j48
0.2 78+j58 81+j61
0.1 45+j55 68+j60
1720 33+4j57 76+j62
1/100 50+i83 121+j128
Conditions f=5 MHz

15 segments
cond.=1.39E-3

Comparison of antenna drive impedances of a 30-meter-long antenna at 5 MHz, as calculated by various
methods. The Sommerfield, reflection coefticient, and perfect earth values are calculated by NEC for a wire
diameter of 0.0001 meter (omega=29), with a ground dielectric constant of 5 and a conductivity of 1.39E-3.
The exact image values are for the same ground parameters, but for an infinitely thin antenna. The ideal resis-

Table 1. Comparison of Ground Analysis Methods

METHOD OF ANALYSIS

REFL. PERFECT IDEAL
COEFF. EARTH

R+JX R only
74+)41 75+36 74
80+j41 89+j40 83
82+j48 86+j54 82
76+j52 71+j58 68
69+j47 61+j44 57
72+j38 72+j27 69
83+j36 95+j31 92
91+j48 1024j61 97
81+j64 72+4j85 70
59+j64 23+j67 24
55+4j72 6+j38 5
11041274 24j8 ~1
e=5-j5 a=.0001

K=5

ous heights as determined by the methods
available. These are for poor soil, (5+j5), for a
dielectric constant of 5, and a conductivity of
1.39E-3 at 5 MHz. The Sommerfield, retlection
coefficient, and ideal earth values are calculat-
ed by NEC with |5 segments and a diameter of
0.0001 meter. Other values are read from the
curves of the figures. Values are given from left
to right in order of best to worst approximation.

Comparison of these values leads to the fol-
lowing information:

« The free space value is nearly correct for
heights above about 3 wavelengths.

» The ideal earth approximation is usable
above about 1 wavelength height, poor below
this, and very poor below about 0.2 wave-
lengths.

» The reflection coefficient method as used
by NEC is usable above about 0.2 wavelengths,
but is poor below this height.

« The Sommerfield method as used by NEC
is usable down to about 0.1 wavelengths. but is
poor below this height.

« All methods indicate that the effect of
ground on dipole drive characteristics can be
completely neglected in the practical sense for
heights greater than one wavelength, and usual-
ly for heights above 0.2 wavelengths.

The NEC calculation methods can be applied
to any antenna. While this is possible in princi-
ple with the exact image method, the calcula-
tions become complex. A combination of the

moment and the exact image method could be
developed to apply to any antenna. This hasn’t
seemed to be justified, especially in view of the
likelihood of unknown ground parameter val-
ues in a real situation and the variability of
parameters with time as soil moisture changes.
In other words, the practical accuracy of all
calculation methods is likely to be determined
more by the problems of determination of
ground conditions than by limitations in the
calculation method. Because of this, when
investigating the performance of very low
antennas, it is suggested that calculations be
repeated with differing ground parameters to
determine sensitivity to this factor. If a high
sensitivity is found, plan on measurement of
drive characteristics of the real-world antenna.
Most of the antenna drive problems intro-
duced by the earth when using low antennas
can be eliminated with the implementation of a
good antenna tuner. However. the pattern will
be that of a low antenna, and there may be
reduced signal level if the ground is lossy. A
change in ground moisture is likely to cause a
change in drive characteristics. |
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HOW JUNK
SCIENCE GOES

VWRONG

SOMETIMES)

Some further ruminations on @

fantalizing topic

sometimes offered up by people who make

serious errors in interpreting data. They’re
not dishonest, just wrong. And it isn’t always
0 easy to spot one’s own mistakes. Let’s take
a look at some common forms of error:

] unk science, and revisionist history, is

1. The underlying order mistake

2. The familiarity (“But I Know Someone
Who...”) mistake

3. The regression mistake

4. The false consensus mistake

5. The one-sided evidence mistake

6. The misframed question mistake

7. The necessary-versus-sufficient mistake

8. The secondhand sources mistake

9. The imprecise criteria mistake

10. The overcritical response mistake

11. The incomplete evidence mistake

12. The Post Hoc Ergo Propter Hoc mistake

These mistakes can cause misinterpretation
of data. Some mistakes are particularly bad
when dealing with survey, sociological, psy-
chological, and other forms of supposedly
“soft” data that are hard to quantify. However,
hard numerical data can also suffer from the

same abuses of misinterpretation. Let’s take a
closer look.

The underlying order mistake

Humans are uncomfortable with disorder
because order implies predictability, while dis-
order implies unpredictability. Chaos, fear, and

the inability to cope are the rewards of disorder.

This tendency may be especially common in
the West because of our scientific tradition.
Our science is based explicitly on the assump-
tion that there is a fundamental underlying
order at the root of every phenomenon, no mat-
ter how disorderly it appears on the surface.

The expectation of order causes us to impose
order where there is none. Some people see an
“image” in the swirls of cumulus clouds. Others
see a “‘man in the moon” or a strange “face” on
the surface of Mars. When we look at data with-
out imposing a rigorous scientific discipline, we
may see many ‘“Martian faces” emerging from a
collection of purely random data.

Part of the problem is that we often don’t
know what randomness truly looks like. Many
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“The tendency to impute structure and
coherence to purely random patterns
is wired deep into our cognitive
machinery, and it is unlikely to ever be
completely eliminated.”

— Thomas Gilovich
How We Know What Isn’t So
MacMillan/Free Press (1991)

people erroneously believe that randomness
implies there are no short-term orderly
sequences in data. In coin flipping, for exam-
ple, when we see several “heads” come up in a
row, we may assume that the coin is somehow
biased. Gilovitch! calls this the “clustering illu-
sion.” When we look at data and see a pattern,
we often don’t look further; thereby erroneous-
ly believing that the pattern indicates a real
phenomenon is emerging from the experiment.
This eftect is particularly strong if the short-
term pattern confirms a favored preconceived
theory about the final results.

The familiarity ("But | know
someone who..."] mistake

Individual data points are rarely important
when deciding how to evaluate an entire body
of data. This is especially true when the system
is in what quality experts call “statistical con-
trol,” and all variation is due to non-attributable
common causes. But our psychology persists in
making us try to see significance in single data
points. A local TV news anchor recently ques-
tioned the FBI report that violent crime is down
3 percent this year compared with last year on
the grounds that her husband had been mugged
a few weeks before.

The regression mistake

If a process is truly random, then occasional
individual events fall far from the mean. Data
points close to or beyond the + 3 G points may
have a low probability of occurring, but it is not
zero. Furthermore, when such an event occurs,
there is a high probability that the next data
point will be much closer to the mean. This is
the well-known “‘regression to the mean” phe-
nomenon. When we see unusually good results,
we tend to expect the next result to be equally
good or better.

If a process is truly random, then prediction

is impossible for individual (as opposed to
mass) events. In addition, the next event is like-
ly to be much closer to the system mean rather
than to the unusually good result. In the random
system, it is virtually useless to compare isolat-
ed individual data points to each other because
their difference is due to random occurrence.?

The false consensus mistake

Most of us believe at some deep level that we
are well within the mainstream. We believe that
our preconceived opinions, biases, and percep-
tions are representative of the mass of people
rather than some smaller, more limited set.
When looking at data, we may see trends where
there are none, especially if some short trend in
otherwise random data supports our view of
things (see mistake no. 1). By either giving too
much attention to confirming data (i.e., “sharp-
ening”), or unconsciously suppressing discom-
firming data (i.e., “leveling™), we may arrive at
an incorrect conclusion. Such a conclusion may
seem right, very right indeed, simply because:
a) it matches our preconception of what it
ought to be, and b) it seems to agree with an
ambiguous alleged “consensus” of others.

The one-sided evidence mistake

This type of mistake emerges from situations
where only one class of evidence is abundantly
available. I've seen grown men—oprofessional
engineers—seriously claim that more elevators
in our office building go up than go down! The
reason for the misperception is that they were
going down, and while they waited several
“up” elevators went past their floor. Because
they got on the first “down” elevator to arrive,
they could only count one. Because elevators
are cyclic, the only logical way their observa-
tion could be true is for elevators to be assem-
bled in the basement and then either disassem-
bled or stored on the roof. Or perhaps they
return to the basement by another route that is
hidden from view, By now, the building should
be showing a distinct list to starboard from all
those elevators on the roof! Data collection
schemes in which only one of two (or more)
possible outcomes can easily be captured are
inherently flawed.

The misframed question mistake

The way that a survey question or experiment
hypothesis is framed can have a profound effect
on outcomes. If we ask “what evidence sup-
ports this view...”, then we tend to pre-bias our-
selves to look for confirming evidence rather



than all of the evidence. We may overlook
valid disconfirming evidence because we either
did not look for it. or failed to recognize it
when it surfaced. We also see this effect when
asking about similarities or differences between
two classes of event, or when comparing evi-
dence against some pre-existing model.

Misframing questions is easy enough when
trying to conduct an honest study, but it seems
to be a way of life in the case of advocacy
research. If the point of a research study is to
“prove” a pre-selected outcome, then the ques-
tions asked will be overwhelmingly biased
towards the ideological prejudice of the ques-
tions’ framers.

The necessary~versus-sufficient
mistake

Just because an item of evidence supports a
hypothesis doesn’t mean that it proves it. Even
if the evidence is totally necessary for the
proof, it may not be sufficient for the proof.
More elements of evidence may be needed to
prove the case.

This form of error often comes from expect-
ing too much information from too little data.
It's especially likely to occur when, early in an
experiment or study, a rather high number of
confirming data points are noted. If there’s a fair
number of these confirming data points, then we
may take a logical leap of faith and assert that
those data prove that the hypothesis is true.
Psychologists tell us that confirming data are
cognitively easier for us to deal with, so we may
tend to see confirmation where there is none.!

The secondhand sources mistake

This mistake is the result of accepting
hearsay evidence from secondary or tertiary
sources, rather than going to the primary
sources for confirmation. Whether it’s eyewit-
ness accounts, expert opinion, or physical data
collected according to good scientific princi-
ples, the fact that the information is reported
secondhand through a third party makes the
evidence subject to large errors. The game of
“Telephone * (where a sentence is passed in
whispers from ear-to-ear and then repeated out
loud at the end of a chain of several recipients)
clearly demonstrates how reporting of evidence
can get badly garbled.

There's also a tendency for secondhand
sources to interpret, embellish, selectively fil-
ter, or otherwise alter evidence they pass on.
Quite apart from intentional alterations, made
with deceit in mind, it’s quite normal for hon-
est, but fallible, humans to make such mistakes

when transmitting evidence to others.

We often see cases where the results of a
research paper or technical report are said to be
better than they were in the original. In some
cases, a relatively minor experimental result is
amplified by each retelling, until eventually the
result that’s widely reported bears little resem-
blance to the original. Research is sometimes
reported with great enthusiasm, often critically,
and only later is it discovered that the reporter
had never actually read the original research
paper. There’s a word for that: Bull#&*$.

Be particularly wary of reports cited not from
the original source but from a derivative work
that, in turn, cites the original. Such twice
removed data is even more likely to be distort-
ed, even when there’s no intent to deceive.

There are a number of reasons why the sec-
ondhand source mistake occurs (absent decep-
tion, of course). One reason is the normal
human need to tell a good story. The second-
hand source may feel compelled to advocate a
cause, or entertain the recipient, or to simply
tell a well-received tale. Sometimes, because of
space or time constraints, or because the one
that offers the information assumes that mun-
dane qualifying details are too boring or unim-
portant, critical facts about a study are omitted.

There’s also the phenomena of “leveling”
and “sharpening.” If some portion of the results
are de-emphasized in the retelling, then a kind
of leveling effect occurs that tends to distort the
actual result. Similarly, if a portion of the
results are given unwarranted special emphasis,
then that information tends to bias the conclu-
sion towards that end of spectrum. Be cautious
of wording such as “...as much as...” or “...as
few as...” because they may indicate that
there’s some leveling or sharpening toward one
end of a confidence interval.

The key to avoiding the secondhand source
mistake is to rely on primary data as much as
possible—even if it means taking the trouble to
look up the original source. The primary source
rule usually permits one to better evaluate the
reliability of the evidence, to make further
inquiries of the source, or to see the entire set of
data within the context in which it was collected.

The imprecise criteria mistake

This mistake is caused by failing to precisely
define what constitutes good data and what does
not. The classes into which any given event falls
may be vague or ambiguous enough that differ-
ent observers, or the same observer at different
times or under different conditions, will classify
the same event differently. It becomes all too
easy to subconsciously filter what is accepted
and what is rejected when the criteria aren’t
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crisply defined. There’s a natural tendency to
accept a wide band of data as “confirming” a pet
theory, while severely narrowing the band of
data seen as disconfirming the theory.

The overcritical response misfake

If two or more tentative theories are in com-
petition, advocates of one theory may submit
the alternative theory to intense scrutiny, while
at the same time barely scrutinizing the favored
theory. Nearly all studies are flawed, and that
can create problems. Although good experi-
ment design can reduce the problem consider-
ably, Nature is rarely so crisp and well-defined
as our mental models imply.

There aiways seem to be unknown or poorly
understood interactions and complexities that
make the outcome uncertain. That’s one of the
reasons why C.I. Lewis’3 view of knowledge,
cited by W. Edwards Deming in his “Profound
Knowledge” teachings,? is essentially proba-
bilistic rather than definite. Because of this nat-
ural vagueness, intense scrutiny of any experi-
ment can usually turn up flaws.

While it’s proper to criticize any study in this
manner (which is what the scientific process
does), it is also proper to subject all competing
theories to the same level of scrutiny.
Unfortunately, our tendency is to closely scruti-
nize the opposition and not even look twice at
our own positions.

Incomplete evidence mistake

If only part of the available evidence is con-
sidered, then it’s likely that a poor decision will
be made. This problem showed up in startling
video news footage in January 1986 when the
space shuttle Challenger exploded little more
than a minute into the flight, killing all seven
astronauts on board. The investigating commis-
sion blamed the fatal event on O-ring seals on
the solid-fuel rocket boosters. The material of
the O-rings tends to become brittle as tempera-
ture drops below a certain point.

Unfortunately, they graphed only the O-ring
failure data, and it looked random. This error
had the effect of making the team think that the
overnight freeze wouldn’t be a problem. But
when the O-ring data for all of the flights is
graphed, it demonstrates that all of the flights on
which no failures occurred were at temperatures
above 63 degrees. There emerges a distinct non-
randomness when all data are examined.

A variant on this fallacy is the decision taken
on the basis of assumptions of alleged facts that
aren’t in evidence. An executive had lunch with
a client in an expensive downtown restaurant.

When she was ready to leave, she was surprised
to see the headwaiter was holding her coat
ready without seeing the claim check. “How
did you know it was my coat?” asked the exec-
utive. “I don’t know that it is your coat,
Madame, I only know that it is the one you
were wearing when you arrived.” It is neces-
sary to examine the facts, assumptions, and
premises on which a decision is based in order
to see whether or not they are true.

The Post Hoc Ergo Propter Hoc
["After This, Therefore Because
of This") mistake

Another of our apparently deep psychologi-
cal flaws in evaluating data is the need to see
causality when data are merely correlated. We
naturally tend to believe that if event B always
follows event A, then somehow A caused B.
When we make a scatter diagram of data, and
see points seemingly clustered about a rising or
falling imaginary line, then we know that some
correlation exists, but we cannot properly say
that the X-axis data causes the Y-axis data.

Causality, unfortunately, isn’t the only rea-
son for correlation. One reason for correlation
might be an unaccounted for third factor. The
classic example, often used in college logic
classes, is the interesting observation that
there’s a positive correlation between the num-
ber of marriages and the number of armed rob-
beries in Los Angeles over the period 1920 to
1980. Depending on which data we use as the
X- and Y-axis of our graph, we might fairly
conclude that either marriages cause armed
robberies, or armed robberies cause marriages.
The overlooked third factor, namely the huge
(and nearly continuous) growth of Los
Angeles’ population between 1920 and 1980,
may independently account for the increase in
both marriages and armed robberies.

The Tukey-Mostellerd criteria provide a
means for checking causality. Three conditions
must be satisfied before one may reasonably
propose causality: a) consistency, b) respon-
siveness, and ¢) mechanism. The consistency
requirement means that the two correlated fac-
tors are routinely found together. If a test is run
multiple times, and nearly the same correlation
is always found, then we may assume that the
consistency requirement is met.

Responsiveness means that a change in the
independent variable results in a change in the
dependent variable. The mechanism require-
ment is met if an adequate and testable theory
is available to explain the relationship in causal
terms. Deming® insisted on having a theory to
explain results as a requirement for Profound



Knowledge. Otherwise, all we have is data and
not information.

Conclusion

Very few people disagree that good decisions
are based on good data. Just as important, how-
ever, is to not ruin the usefulness of good data
by faulty interpretation. Being aware of these
“dirty dozen™ will help keep faulty interpreta-
tion from being a problem.
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Svetlana 3CX300A 1 Power Triode

Svetlana Electron Devices, Inc. announces
the availability of its new 3CX300A1 metal-
ceramic power triode. The device is usable for
audio amplifiers, in Class A, AB, or B, oras a
power-supply pass device.

Manufactured at the Svetlana facility in
Russia, the 3XC300A1 features high transcon-
ductance (20,000 micro-Siemens typ.); low
plate resistance (450 ohms typ.); plate ratings
of 1800 volts maximum DC supply voltage.
300 watts maximum dissipation with forced-air
cooling; increased peak emission from new
cathode materials; stable operation from
extended processing and aging: exceptional lin-
earity, well suited for push-pull amplifiers (a
single pair can produce 800 watts in Class B),

The unit’s ceramic-metal construction, with
cathode and grid rigidly mounted on coaxial
cones, reduces microphonic effects and resists
mechanical and thermal shocks. The external

PRODUCT INFORMATION

anode 1s machined from solid copper, for
ruggedness and tolerance of high temperatures.

The 3CX300A1s undergo comprehensive
testing before and after aging: are suitable for
retrofitting of audio amplifiers (they can substi-
tute for 212E, 805. 211, etc. with equipment
mods.); and fit Svetlana SK2A sockets, stan-
dard loktal sockets, or special sockets intended
for the 4CX250B tetrode.

For additional information, contact Svetlana
Electron Devices, Headquarters, 8200 South
Memorial Parkway, Huntsville, AL 35802, or
call (205) 882-1344; Fax: (205) 880-8077.

Free Catalog from Mouser

Mouser Electronics’ latest electronic compo-
nent catalog contains 340 pages featuring new
products from 3M, Amp, NEC, SGS Thomson,
Rectron Teccor, E-Switch, BI Technologies,
and others. A guide for buyers and engineers,
the catalog offers complete specification draw-
ings and guaranteed prices. For your free copy
call (800) 992-9943; e-mail <catalog @mouser.
com>; or visit Mouser’s Web site at <http://
WWW.MOUSEr.Com>.

Popular 30-Year-Old HP Application Note
on Web Site

Hewlett-Packard has given one of its most
popular and long-lived application notes an
updated, multimedia format on the company’s
Web site. The 30-year-old technical note illus-
trates S-Parameter techniques for designing
electrical networks used in oscillators and
amplifiers. The note can be found on HP Web
site at: <http://www.hp.com/go/tminteractive>.
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MEASURE YOUR
COAX CABLE LOSS

Turn in your calculator for an

Excel spreadsheet

ow good is your coax feedline? It can
Hcertainly degrade with time, especially

when it’s out in the weather. Is it time
to consider replacing it? Maybe now is the time
to measure the loss and see.

To determine loss, you can use a power
meter to measure the power at your transmitter
output, and again at the end of the coax cable at
the antenna. However, it’s also very easy to
measure the loss with just an SWR analyzer, or
with your transmitter and an SWR meter—
along with a few simple calculations. I recom-
mend an SWR analyzer as the best way to
make the necessary measurements, because the
method described here requires that your trans-
mitter be able put out some power into a high
SWR without damage.

Transmission line loss

In order to understand the methodology used
in this article, let’s review the transmission line
loss equations.

The reflection coefficient at the input of a
lossy cable is given as:

p=pje 2 (1

where:

p1 = reflection coefficient at the antenna

« = cable loss in nepers = cable loss in
dB/20log e = cable loss in dB/8.6859

You can see that p = p| for a lossless cable
(ie, o =0).

If you short or open (disconnect) your feed-
line at the antenna, the reflection coefficient at

the antenna is unity (1) i.e., an infinite SWR.
Therefore, for a feedline open or shorted at the
antenna, the input reflection coefficient equa-
tion simplifies to:

p=e20 2

Now, we can rearrange this equation to solve
for the cable loss:

o (nepers) = -0.5 In p, or

Cable loss in dB = o (nepers) X 8.6859 =
4343 Inp

Because p = (SWR-1)/(SWR+1), we have
our final equation:

Cable loss in dB = -4.343 In [(SWR-1)/
{(SWR+1)] 3

Measuring SVVR

Unfortunately, some SWR meters and SWR
analyzers only have meter scales calibrated to a
maximum SWR of 3:1. If your SWR meter also
has a calibrated linear scale (say. from 1 to 10),
you can accurately calculate SWR in excess of
this amount using the following equation:

SWR = (Forward Reading + Reflected
Reading)/(Forward Reading - Reflected
Reading) (4)

If you’re using an SWR meter or SWR ana-
lyzer that has no linear scale and is only cali-
brated in SWR to 3:1 maximum, there is a way
to obtain a fairly good approximation of higher
SWRs. Mentally divide the range above 3:1



Table 1
Feedline Loss Calculations Phil Salas-ADSX (1/18/97)
Input Parameters Input Data
Feedline Length (ft.) 70
Open/Short Circuit or Out-of-Band SWR 5
Frequency (MHz) of SWR measurement 28
Desired Frequency of interest of cable loss 8.1
Expected Loss @ SWR freq. (from Table) 0.812
Expected Loss @ desired freq. (from Table) 0.652
Results
Actual Cable loss (dB} @ SWR Freq. 1.761
Excess Cable Loss (dB) @ SWR Fregq. 0.949
Actunal Cable Loss (dB) @ Desired Freq. 1.416
Excess Cable Loss (dB) @ Desired Freq. 0.764
Cable Loss Table

SWR Frequency Desired Frequency

Feedline Expected Loss(dB) Expected Loss (dB)

RG-58 1.758 1.414

RG-8X 1.353 1.087

RG-213 0.812 0.652

LMR-240 0.879 0.707

LMR-400 0473 0.381

9913 0.135 0.109

Table 1. Calculation of feedline loss from SWR measurement as compared to expected line loss calculated from coax

cable specifications.

SWR into thirds, and assume the top of the first
third is 5:1 and the top of the second third is
[0:1. The top ead of the scale is infinite SWR.
Always measure SWR at the highest frequency
possible. Cable loss is greater at higher fre-
quencies, resulting in a lower measured SWR
which gives you higher accuracy.

Finally, in many cases, you can even accu-
rately measure your cable loss without discon-
necting your feedline! Just measure the SWR at
a frequency well removed from the antenna res-
onant frequency. Normally, the off-frequency
antenna SWR is very high, so measure your 20-
meter beam at 10 MHz, or your 40-meter verti-
cal on 20 meters. You can then go back into the
spreadsheet and see what the loss 1s at your fre-
quency of interest. If you make the SWR mea-
surements outside of the ham bands, you’ll
obviously need an SWR analyzer because you
can’t legally key up your transmitter outside
these bands.

Cable loss at other frequencies

Once you know the loss at one frequency,
you can calculate the loss at any other frequen-
cy using the following equation:

where

Ly = Loss at desired frequency

L, = Known loss at a specific frequency
df = desired frequency

kf = frequency at which the loss is known

This equation is pretty accurate over a broad
frequency range.

Example

To simplify these calculations, you can write
a BASIC program to do the number crunching
for you. Better yet, I’ve found an Excel spread-
sheet is very flexible and can pull these equa-
tions together nicely. My spreadsheet (Table 1)
was done in Excel 5.0. It calculates the feedline
loss from the SWR measurement and compares
it to the expected line loss, which is calculated
from the coax cable specifications for RG-58,
RG-8X, RG-213. LMR-240, LMR-400, and
9913 cables.

Enter the information in the “Expected Loss
(db) @ SWR Freq.” column. The spreadsheet
will give you the excess loss (as calculated
from the SWR) over the expected value. From
this, you can decide the status of your feed-
line—be it good or bad. You can then go back
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Feedline Loss Calculations

Jable 2

Phil Salas-ADSX (1/18/97)

Input Parameters Input Data
Feedline Length (ft.) 70 <- B4
Open/Short Circuit or Out-of-Band SWR 5 <-B5
Frequency (MHz) of SWR measurement 28 <-B6
Desired Frequency of interest of cable loss 18.1 <-B7
Expected Loss @ SWR freq. (from Table) 0.812 <-B8
Expected Loss @ desired freq. (from Table) 0.652 <-B9Y
Results
Actual Cable Loss (dB) @ SWR Freq. -4.343*LN({$B$5-1)/($B$5+1)
Excess Cable Loss (dB) @ SWR Freq. $B$12-$B$8
Actual Cable Loss (dB) @ Desired Freq. $BS12%($B$7/$B$6) 0.5
Excess Cable Loss (dB) @ Desired Freq. $B$14-$B3%9
Cable Loss Table SWR Frequency Desired Frequency
Feedline Expected Loss (dB) Expected Loss (dB)
RG-58 0.026%($B$6/30)"0.5*$B$4 0.026%($B$7/30)"0.5*$B$4
RG-8X 0.020%($B$6/30)"0.5*$B$4 0.020%($B$7/30)"0.5*$B$4
RG-213 ().012*($B$6/30,)A0.5*$B$4 0.012%($B$7/30)°0.5*$B$4
LMR-240 0.013*($B$6/30)"0.5*$B$4 0.013%($B$7/30)"0.5*$B$4
LMR-400 0.007+($B$6/30)"0.5*$B$4 0.007*($B$7/30)"0.5*$B$4
9913 0.002*($B$6/3O)A0.5*$B$4 0.002*($B$7/30)A0.5*$B$4

Table 2. Feedline loss calculations including reference equations.

70 Summer 1997

into the spreadsheet and see what the actual
feedline loss is at any other frequency.

For example, 1 have 70 feet of RG-213 coax
cable running from my shack to my vertical
antenna in the back yard. 1 disconnected the
feedline at the antenna and measured the SWR
in the shack. It was 5:1 at 28 MHz (for a loss-
less feedline, the SWR would be infinite). From
the spreadsheet, I determined my actual feed-
line loss is 1.76 dB. New RG-213 has a loss of
about 1.3 dB/100 feet at 28 MHz. A 70-foot
length should have a loss of 0.8 dB. Although
it’s about one dB worse than this, my feedline
may actually be in fairly good shape because
I’m also including a bypassed antenna tuner, a
low-pass filter, three coax switches, two line
isolators. and some short interconnecting pieces
of RG-8X along with the feedline.

Okay, so I measured the SWR at a high fre-
quency for accuracy, but what’s the actual loss
on 17 meters (18.1 MHz)? That’s easy to find.
Just go back into the spreadsheet, enter the
desired frequency (18.1 MHz), and input the

expected coax loss from the table. As you can
see, the loss is 1.4 dB, which is 0.76 dB worse
than was expected.

The second spreadsheet table (Table 2)
shows the equations used in the spreadsheet
cells, so you may key them in. Notice that |
started with the published cable loss per foot at
30 MHz for all my reference calculations for
the coax cables considered. If you operate pri-
marily above 30 MHz, you’ll get slightly better
accuracy if you base your cable loss reference
equations on published loss figures closer to
your actual operating frequencies.

Conclusion

The use of spreadsheets is a great way to take
the drudgery out of making repetitive calcula-
tions. 1 have found Excel very easy to use for
many applications that once required me to
write BASIC programs. Give this cable loss
spreadsheet a try and you’ll see what 1 mean. W
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MODELING AND
UNDERSTANDING
SMALL BEAMS:

PART /

Shrunken Quads

uad beams remain one of the most con-

troversial antennas around, simply

because we inevitably want to compare
them to linear Yagis of similar element num-
bers. Entire books have been written on the
quad, the two most notable of which are the Orr
and Cowan classics and the more recent
detailed study by Haviland.! The foundation of
the quad is the full-wavelength loop, which
builders have constructed in squares, rectan-
gles, diamonds, and even circles.2 Whatever the
shape of this structure, it is mechanically
ungainly, requiring a nonconductive support
structure (or at least one in which the conduc-
tive portions are broken into nonresonant or
nondetuning lengths) for a wire loop. Putting
two or more such elements together has been a
challenge for commercial and home builders
alike. If high winds mangle Yagis and quads
equally, ice has shown a distinct preference for
the destruction of quads.

Reducing the dimensions of the quad loop
has been an enterprise almost as old as the quad
itself. If the quad loop can be shrunk consider-
ably, then the mechanical problems diminish
almost as the square of the percentage of
shrinkage. The ingenuity of home builders in
trying schemes for shortening the quad has pro-
duced diverse techniques. In his own “corner-
inductor” version of the shortened quad,
KA2OIG/TI2 noted that “in the literature on

Photo A. The shrunken quad antenna.

reduced quads there are examples of top-hat or
capacitive loading, linear loading, stub loading,
trap and coil loading, a folded-mini, and finally
coil loading.”3 Almost all of these systems add

Communications Quarterly

71



72 Summer 1997

e

Feedpoint

Square Quad Loop

Feedpoint

Diamond Quad Loop

Figure 1. Simplified outlines of full square and diamond quad loops.

one or another physical complexity to quad
construction as repayment for the reduction in
overall antenna loop size.

More recently, N4PC has experimented with

a diamond-shaped “squished quad” using linear

loading at the voltage nodes, which are located

halfway up the vertical sides in a square design

and at the horizontal apexes of the diamond

design. The object was to leave as much as
possible of the high-current portion of the
antenna unaffected by loading, thereby maxi-
mizing gain. The added wire at the voltage
nodes could be a continuation of the overall
wire loop, thereby simplifying mechanical con-
struction.* Except for the copper wire losses,
the mid-sole or voltage-node loading scheme

158
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Quter Ring = 3.24 dBi
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Figure 2. Free-space azimuth pattern of a full-size quad loop.




Load lines not to scale

with quad loops
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Figure 3. General outline of three test models used to establish shrunken quad loop performance potentials.

avoids losses associated with the use of coils question as to what sort of performance we

and capacitors as loading elements. In addition, might be able to expect from such an antenna in

voltage-node loading is usable with both dia- advance of building one. If, as he noted, 85 per-

mond and square quad loops. cent of the antenna current occurs in the center-
N4PC’s success with the “squad” left some most 65 percent of the antenna wire, what

Linear Loaded Quad Loops
Load Length vs. Resonant Frequency
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Figure 4. Load-line length versus resonant frequency for test antenna models.
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Quad Loop Gain in dBi

Linear Loaded Quad Loops
Load Length vs. Gain (dBi)
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Figure 5. Load-line length versus free-space gain for test antenna models.

74 Summer 1997

would this mean in terms of overall antenna
performance? The availability of

NEC-2, which can handle complex geometries
with some ease (as long as the wire diameter
doesn’t change) suggested that modeling both
the squad and the loops that compose its ele-
ments might be an instructive exercise. The
result was my own version of a shrunken dia-
mond-form, two-element quad for 10 meters
with dimensions less than 7 feet per side.

Full-size and shrunken quad
loops

Despite the plethora of articles on quads, data
on the proper dimensions for a simple quad
loop are hard to come by. The traditional for-
mula, L (in feet) = 1005/f (in MHz) is simply
wrong for bare copper wire. Additionally. the
diameter of the wire will have an influence on
the total length of the quad loop. Thus, any for-
mula given must be specified for the wire size
as well. On 10 meters (28.5-MHz design cen-
ter), the proper length (in feet) for a resonant
quad loop of #14 bare copper wire is approxi-
mately 1045/f (in MHz). At 28.5 MHz, this
yields a circumference of about 36.5 feet or

about 9,13 feet per side. These dimensions
apply to both the square and diamond configu-
rations shown in Figure 1.

Whether square or diamond, the loop pro-
vides a free space gain of about 3.25 dBi (about
1.1 dB greater than a free space dipole of simi-
lar materials). The pattern shown in Figure 2
displays both the horizontal and vertical com-
ponents of the total far field pattern: the vertical
component is insignificantly larger for the
square loop. The feedpoint impedance is
between 125 and 130 ohms resistive for both
configurations.® Free space gain and feedpoint
impedance tigures can be used with confidence
for the comparisons that follow. because none
of the models exhibited any surprising changes
in characteristics when modeled over real
ground. If a shrunken model exhibits a reduced
gain relative to a full-size model of 1 dB in free
space, an equivalent reduction will be found in
models over real ground.

Three types of shrunken quad Joops, shown
in Figure 3, were modeled for performance
comparisons. All use #14 copper wire. the dia-
mond loop (referred to as “Diamond loop:
ILL” on graphs) has a circumference (in feet)
of 725/f (in MHz), about 25.5 feet or about
6.36 feet per side. The diamond is thus about



Linear Loaded Quad Loops
Load Length vs. Feedpoint Impedance
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Figure 6. Load-line length versus feedpoint impedance gain for test antenna models.

70 percent full size. One advantage of the dia-
mond is that it allows the most room for the
voltage-node linear load, shown as the side
insets on the diagram. The model uses a short
horizontal feed wire to reflect usual diamond
quad loop construction. Using a perfect dia-
mond with a split feed yielded linear load
lengths only 3/4-inch longer than those indicat-
ed by the single feed model at 28.5 MHz, with
no change in feedpoint impedance.

A comparable square requires a larger cir-
cumference to permit resonance at the design
center frequency of 28.5 MHz, since the maxi-
mum inset linear load is shorter. The model
used here (designated “Square Loop: ILL on
graphs) is based on the formula 789/f (in MHz),
which is about 27.7 feet overall and 6.92 feet
per side. The resulting quad loop is about 76
percent full size. Its advantage mechanically is
that the X-members or spreaders supporting the
wire can be 10 feet long, a convenient hardware
store supply dimension.

N4PC used a double inset linear load on his
squad. Therefore, a third version seemed appro-
priate for modeling: a square with a double
inset (designated “Square Loop: 2LL” on
graphs). The double inset permits a reduction
of the circumference to about 689/f (in MHz)

or 66 percent of full size. The 24-foot circum-
ference 1s distributed at 6 feet per side.

Initially, all voltage-node loads were identi-
cally constructed (except for length).
Composed of #14 copper wire, they are 3 inch-
es (0.25 feet) wide and extend inward from the
side wires horizontally toward the center of the
element assembly, as shown in Figure 3.

For each type of loop, the resonant frequency
is close to a linear function of the load length,
as Figure 4 illustrates. Each loop size was cho-
sen to resonate at 28.5 MHz with the load
length at or near its practical maximum length
to achieve the smallest loop size possible. The
diamond loop allowed 4-foot load lines on each
side of center, while the single-load square
allows 3-foot load lines. The double-load
square is arbitrarily chosen to be 3 feet on a
side by fiat, which yielded a load-length on
each side of 2.595 feet for resonance at 28.5
MHz. With an even 2.5 feet of load length per
side, the resonant frequency rises to 29.05 MHz
as the starting point of the graph.

The single-load diamond and square loops
show nearly parallel linear rises in frequency at
almost twice the rate of either single-load loop.
Thus, the double-load line is much more fre-
quency-sensitive to adjustments.
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Single Load-Line Square Loops
Load Width vs. Resonant Frequency

Resonant Frequency in MHz

o

1 T T R
3.0 25 20 15 1.0 0.5
Length of Each Linear Load in Feet

17—8— 3" Wide Load ~#8— 2" Wide Load —£3— 1" Wide Load

Figure 7. Single load-line width versus resonant frequency for test square-loop models.

As one might expect, the longer the load line those of the copper wire in the line. which are
at resonance of the loop, the lower the gain of too small to account for the reduction of gain ia
the loop. Because the load lines are of the same all loaded quad loops. The gain of a quad loop
material as the element, the only losses are is in part dependent upon its physical size.

4 31 T
Dlrechon 9 16"
Rodlcmon

B8.67'

S S VA

Reflector

Design Frequency = 28.5 MHz
Drrven Element

DE side = 98B/4xf (MHz)
RE side = 1044 /4xf (MHz)
Spacing = 1/8 wavelength

Wire size = #14 copper

Figure 8. Outline of a full-size, two-element quad beam model.




EZNEC
158" "
T -
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Figure 9. Free space azimuth pattern of a full-size, two-element quad beam model.
Hence, any shrinkage of the loop relative to a Figure 5 shows the gain of loops using volit-
full-size loop at resonance will reduce its gain. age-node loading, with each length of linear
In turn, reduction of loop gain will limit the load corresponding to a resonant frequency for
gain obtainable from a multi-clement quad the assembly (Figure 4). Comparisons are pos-
beam using these shrunken loops. sible only where corresponding loops have the
EZNEC
150 .38
218 - - el - 338
Outer Ring = 11.624dBi . - . - _.' 3088

Figure 10. Full-size, two-element quad beam model azimuth pattern at the angle of maximum radiation for a height
of 20 feet over medium earth.
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Figure 1. Full-size, two-element quad beam model azimuth pattern at the angle of maximum radiation for a height

of 25 feet over medium earth.

Loaded Quad Gain Bandwidth

Free Space Gain vs. Frequency

L4

Gain in dBi
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Figure 12. Comparative free space gains of full-size and shrunken quad beam models across 10 meters.
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Loaded Quad Front-to-Back Bandwidth
Front-to-Back Ratio vs. Frequency
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Figure 13. Comparative free space front-to-back ratios of full-size and shrunken quad beam models across 10 meters.

same length of load line. For all practical pur-
poses, the gains of the single-load elements,
diamond and square, are the same (under 0.05
dB difference). However, the gain of the dou-
ble-load-line square is significantly less than
that of either single-load configuration, reach-
ing more than 0.25 dB difference at a 2.5-foot
load length. At that load length, the single-load
elements have lost about half the advantage of
a full-size quad over a dipole; the double-load
element is only slightly better than a dipole.

Both of the single-load loops show a reso-
nant feedpoint impedance just about 50 ohms,
as shown in Figure 6. The square element pro-
gresses in near linear fashion toward the imped-
ance value of an unloaded resonant quad as the
load line is shortened. However, the diamond
loop reaches a peak value with load lines of 0.5
feet each. Like the single-load square, the dou-
ble-load line square displays a near-linear rise
in impedance value. Near the design center fre-
quency, its feedpoint impedance is in the 35-
ohm region.

Of the three configurations, the double-load-
line element shows the least promise, despite
its great compactness. Its low feedpoint imped-
ance and noticeably reduced gain relative to the
other shrunken loops suggest inferior beam per-

formance. Add to these factors the frequency-
sensitivity of the assembly to adjustments, and
the configuration loses more appeal. A 6-foot
wide and high 10-meter quad would not likely
be worth the effort to build; however, a 7-foot
wide and high quad beam may be well worth
the effort, especially at about 58 percent of the
volume required by a full size beam.6

Before attempting a two-element antenna, we
should note that changing the spacing of the
wires in the linear loads also changes the char-
acteristics of a single-element quad loop slight-
ly. Although gain and feedpoint impedance do
not change enough to alter design considera-
tions, the resonant frequency for a given length
of load on each side of the loop will create
design concerns. Figure 7 shows part of the
curve of load length and resonant frequency for
these different load widths. Narrowing the
spacing between load lines for a give load
length raises the resonant frequency of the
loop. The amount of resonant frequency
increase is proportional to the percentage of
decrease. The decrease from 2 to 1 inch yields
a larger increase in resonant frequency than the
decrease from 3 to 2 inches of load width.

Looking at the assembly from a different per-
spective, the narrower the line width, the longer
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SWR Relative to 50 Ohms

Loaded Quad SWR Bandwidth
50-Ohm SWR vs. Frequency
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the load line needs to be for desired resonant
frequency. Resonating a 1-inch wide load line
at 28.5 MHz would have required a line longer
than the 3.46 feet from side wire to the center
of the quad element. At the far right end of the
scale, of course, all three curves on the graph
converge as the load line reaches 0 length.

Wider spacing between the load lines reduces
the necessary line length for a given resonant
frequency. However, increasing the spacing
beyond 3 inches (say, to 6, 9, or 12 inches) pro-
duces only marginal shortening. Lines spaced 1
foot apart are only half a foot shorter for the
single-line square and the diamond than lines
spaced 3 inches apart for resonance at 28.5
MHz. Since maintaining the larger spacing
would add weight to the small 10-meter struc-
ture, the 3-inch line spacing represents a good
compromise between mechanical and electrical
efficiency. Wider spacing might be used in a
pinch if a given load-line length doesn’t quite
reach down to the desired resonant frequency:
increasing the spacing an inch or two is equal
to adding a few inches to the line length at its
narrower spacing.

Because a quad loop, loaded or unloaded, has
gain over a dipole, it qualifies as an array of
sorts. However, it is barely an array (two bent

Figure 14. Comparative free space 50-ohm SWR bandwidths of full-size and shrunken quad beam models across 10 meters.

dipoles touching ends). If one goes to the trou-
ble to construct a full wavelength loop, one
might as well construct two and have a classic
two-element quad beam.

Fullsize and shrunken quad
beams

A full-size two-element quad beam consists
of two quad loops cut to optimal dimensions
spaced for the closest conjunction of gain and
front-to-back ratio. Many formula sets are
available, for example in Orr and Cowan, the
ARRL Antenna Book, and Haviland. Figure 8
outlines the parasitic quad beam and provides
formulas for a close-spaced version (1/8th
wavelength). Using #14 wire at a design center
frequency of 28.5 MHz, the beam shows a free
space gain of over 7 dBi with a front-to-back
ratio over 23 dB. With a feedpoint impedance
of about 100 ohms, the antenna falls in the mid-
dle of the 75 to 125-ohm feedpoint impedance
range common with quad designs.

The sample quad beam is neither the best
performer nor the broadest-banded of possible
quads, as its spacing is somewhat close by quad
standards. However, it demonstrates the perfor-



Loaded Quad SWR Bandwidth
75-Ohm SWR vs. Frequency
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Figure 15. Comparative free space 75-ohm SWR bandwidths of full-size and shrunken quad beam models across 10 meters.
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reaching across

Table 1. Construction Values for Three Models of Side-loaded

Shrunken Quads

Formula Total L L/side DE load L RE load L
725/f (MHz) 25.44' 6.36' 3.64' 4.07
789/f (MHz) 27.68' 6.92' 2.62 2,98
684/f (MHz) 24.00 6.00' 2.42 2.58'

1. DE and RE load lengths refer to the length of each of two identical load lines at the center of each vertical
wire on the square and at the horizontal apexes of the diamond model. See Figure 3 for reference.

2. L=length of wire or wire assembly, including the total circumference of each loop, the length per side, the
length of each load assembly consisting of two wires and a junction, and the length of the support element

the antenna from apex to apex.

3. All three models use $14 copper wire.

L-Support
92.0r

9.8’

Table 1. Construction values for three 1/8 A spaced shrunken quad beams, using side-loading for both the driven element and the

reflector.
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Figure 16. Free space azimuth pattern of the shrunken diamond-shaped, two-element quad beam model.

mance characteristics that lead many to choose ratio, if we look at everything to the rear of the
main lobe). Figure 9 shows the antenna’s free

quads over two-element or three-element trap
Yagis: it has higher gain and a very respectable space azimuth pattern.
Full-size quads tend to perform well at mod-

front-to-back radio (in fact, a good front-to-rear
EZNEC
1335 N .. : :fa deg.
Outer Bing = 18.81 dB1  "-.. - C 077 : 3aa

Figure 17. Shrunken diamond-shaped, two-element quad beam model azimuth pattern at the angle of maximum radi-

ation for a height of 20 feet over medium earth.
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218

Outer Ring = 11.42 dBi

Figure 18. Shrunken diamond-shaped, two-element quad beam model azimuth pattern at the angle of maximum
radiation for a height of 35 feet over medium earth.

Six Square Quad Beams: DE=6.92’
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Figure 19. Comparative free-space gains of shrunken, two-element quad beams with increased spacing and/or enlarged
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Front-to-Back Ratio in dB

Six Square Quad Beams: DE=6.92’
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84  Summer 1997

est heights. Figures 10 and 11 illustrate the
beam azimuth pattern at the angle of maximum
radiation for the antenna at heights of approxi-
mately 5/8 wavelength and about a full wave-
length above medium ground. Although the
pattern of ground reflections tends to degrade
the rearward performance at the lower height,
at a wavelength, the antenna recovers close to
free-space front-to-back ratio. The broad
beamwidth provides good forward coverage for
general operation.

These notes on full-size quads are not a rec-
ommendation of the antenna. Instead, they pro-
vide a set of standards against which to com-
pare shrunken quads with side (voltage-node)
loading. Whereas the full-size quad requires
either that the reflector be physically larger
than the driven element or that an inductive
stub be added to electrically lengthen the
reflector, any model of a side-loaded shrunken
quad can be adjusted solely by lengthening or
shortening the linear load elements. In fact, for
most models, the driven element will require a
shorter load and the reflector a longer than a
resonant single quad element.

Table 1 provides initial dimensions for test
model shrunken quads for each of the three

Figure 20. Comparative free-space front-to-back ratios of shrunken, two-element quad beams with increased spacing

types of loops investigated. Spacing is a con-
stant 4.31 feet (1/8 wavelength at 28.5 MHz).
Each driven element was resonated and each
reflector adjusted for maximum front-to-back
ratio at approximately 28.5 MHz. Although
reflector adjustment affects primarily the anten-
na feedpoint resistance and driven element
adjustment affects primarily the feedpoint reac-
tance, the two adjustments are sufficiently
interactive to require a few iterations before
optimal values are obtained.

All three types of loaded quad loops can be
molded into a reasonable parasitic beam.
Assessing how well how we might expect them
to perform requires that we look at some of the
parameters that can be modeled and compare
those values with numbers for a full-size quad.
Using the entire 10-meter band as a baseline,
we can better appreciate what some of those
numbers may mean.

Figure 12 provides a snapshot of the gain
performance of the shrunken beams in compar-
ison with two full-size quads, one using #18
wire, the other using #14 wire. Because quad
gain doesn’t peak at the same point as the front-
to-back ratio, the two full-size quads show a
decreasing gain across the band. The #14 full-



Six Square Quad Beams: DE=6.92’
75-Ohm SWR vs. Frequency
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Figure 21. Comparative free-space 75-ohm SWR bandwidths of shrunken, two-element quad beams with increased spacing

and/or enlarged reflectors.

size quad peaks outside the lower end of the
band. However, both beams maintain above 6.5
dBi gain for the first MHz of the band, peaking
above 7.15 dBi. For comparison, the broadband
two-element Yagi used as a standard in other
parts of this series has a maximum gain of
about 6.1 dBi.

The two single-load-per-element quads show
a considerable peak in gain above 6.7 dBi. but
only over a smaller segment of the band. Like
any shortened antenna, the gain cannot
approach that of a full-size model: like any
loaded antenna, the bandwidth for most charac-
teristics will be smaller than that of a full-size
model. The square double-load-line model pro-
vides the lowest gain and the narrowest gain
bandwidth of all three. At the upper end of the
band, its gain drops to that of a full-size single
and quad loop.

Similar comments apply to the front-to-back
ratios of the quad beams, as displayed in
Figure 13. The two full-size beams have front-
to-back ratios that peak above 25 dB (but at fre-
quencies between the check points that form
the graph). The ratio falls off fairly rapidly
below design center frequency and more slowly
above that frequency.

There is little to distinguish the front-to-back
performance of the single-load-line shrunken
quads. The front-to-back ratio peaks at about
13 dB, falling off rapidly at the lower end of
the band and more slowly at the higher end.
The standard broadband Yagi, by contrast,
holds its front-to-back ratio at about 10 dB or
better across the first MHz of 10 meters. The
double-load-line model not only has a lower
peak front-to-back (less than 10.5 dB), but its
band-edge values fall well below 5 dB as well.
Except for a 200-kHz window, its ability to
reject QRM is marginal or worse.

The SWR curves relative to 50 and to 75
ohms, respectively, shown in Figures 14 and
15, provide a lesson in some of the illusions of
a low SWR. For the full-size quads, a quarter-
wave 75-ohm matching section or a 2:1 trans-
former would provide a good match between
the antenna and a 50-ohm coaxial cable. At the
high end of the band, the SWR performance
appears worse than that of the shrunken quad,
which exhibits a good match to 75-ohm cable
from the design center frequency to the upper
edge of the band.

However, one cannot take these numbers in
isolation. The steep portion of the shronken

Communications Quarterly 85



86

Summer 199/

& g ﬂ
Stress spreader to here

| !
!
|
|
— Spreader —{>
| PR315 PVC
|
P Boom
Sch. 40
PVC
Wire
loop
—
Mast

,ﬁf\ + rJ

4.5 Spreaders

Wire

loop

o o
Feedpoint

Figure 22, Overall structural features of a PVC-support 10-meter shrunken quad.

quad SWR curves at the lower end of the band
overlaps that antenna’s gain peak: the curves
input impedance is most variable where the
antennas perform best. In contrast, the curve is
flattest in the region where the antennas barely
show beam characteristics. The SWR band-
width curves of the shrunken quads are essen-
tially exaggerated versions of the curves for
full-size quads, but those exaggerations have
more pronounced negative affects upon antenna
performance across 10 meters.

In essence, all three shrunken quads are nar-
row-band performers when gain, front-to-back
ratio, and SWR (or feedpoint impedance) are
taken together. Optimal performance covers
about 200 kHz of 10 meters, with reasonable
performance for about an additional 100 kHz
each way.

The single-line models, whether diamond or
square, clearly outperform the double-line
model. Moreover, in optimizing models of the
double load-line model for maximum perfor-
mance, adjustments as small as 0.001 foot
made a somewhat significant difference. In
adjusting the single-line models, change mini-
mums of 0.01 foot made a somewhat signifi-
cant difference. In adjusting the single-line
models, change minimums of 0.01 foot sufficed
to optimize the model. (An inch is 0.0833 foot.)

Between the diamond and the square there is
little to choose in terms of performance. Figure
16 shows the azimuth pattern of the diamond in

free space; the pattern of the square is too simi-
lar to need reproduction. In evaluating either or
both of these small beams, investigate the pat-
terns over real ground at the planned height.
The azimuth pattern of the diamond (taken at
the angle of maximum radiation in Figure 17)
at 5/8 wavelength height shows a considerable
rear lobe that is unlikely to provide much rejec-
tion. (The equivalent rear pattern of the stan-
dard broadband Yagi is smaller.) At a fuil
wavelength up (Figure 18), matters improve,
especially with respect to side rejection, but not
to the level of a full-size quad.

Because these initial models used close spac-
ing and identical loops, with their electrical
sizes adjusted by changing the length of the
loading lines, they do not achieve all of the
gain and front-to-back ratio possible from a
shrunken quad beam. Just how much more you
can obtain from side-loaded elements depends
to a great extent on how much you are willing
to unshrink the loops and spread them apart.

Unshrinking the shrunken quad
for better performance

In an attempt to improve the anticipated per-
formance of a shrunken quad, I explored sever-
al models that alternately increased the spacing
between elements and gradually enlarged the




physical size of the reflector. The basic dimen-
sional properties of these models are listed in
Table 2. Model 1 is the same square quad with
a single load line per element used above.
Model 2 increases the spacing to S feet (about
0.14 wavelength) close to the optimum value
recommended by Orr and Cowan for a full-size
two-element quad. Model 3 returns to the 1/8-
wavelength spacing, but enlarges the reflector
about 4.5 percent. Using the new reflector size,
Model 4 increases spacing to 4.65 feet and
Model 5 further increases spacing to the 5-foot
mark. With this new spacing, Model 6 further
increases the reflector size to 7 percent over the
original. All models were optimized for maxi-
mum front-to-back ratio at a design center fre-
quency of 28.5 MHz.

Figures 19, 20, and 21 graph the results of
these modeling experiments. Because perfor-
mance falls below usable values above 29
MHz, the graphs are limited to data for the first
MHz of 10 meters.

In general. gain increases with spacing, as
Figure 19 demonstrates. All three models with
5-foot spacing show the highest gain peak (at
28.25 MHz). However, the smaller the reflec-
tor, the more quickly the gain decreases as the
frequency departs from the gain center. In fact,

Model 6, with the largest reflector in the
sequence, actually shows a slight increase in
gain toward 28 MHz. Merely enlarging the
reflector will not increase peak gain, as a com-
parison of Madels 3 and 1 at 28.25 MHz will
establish. However, enlarging the reflector will
increase the gain-bandwidth. Model 3’s gain
falls off more slowly than that of Model 1.

The front-to-back ratio of the antenna, shown
in Figure 20, also increases most dramatically
with increased spacing between the two loaded
elements. Model 2, with equal size elements
but 5-foot spacing, rivals the largest reflector
for peak front-to-back ratio. The models with
the largest reflector dimensions show the slow-
est decrease in front-to-back ratio as the fre-
quency departs from the design center.
However, none of the models is a stellar per-
former at the low end of 10 meters.

The SWR bandwidth relative to 75 ohms is
shown in Figure 21. All of the models show a
fairly flat line and a good 75-ohm match above
the design center frequency. Below design cen-
ter, greater spacing flattens the SWR curve
more dramatically than does a larger reflector.
Notice that Model 2’s (equal size squares at 5
feet) SWR curve largely overlaps the curve of
Model 4 (an intermediate size reflector at an

Table 2. Some Variations on the Single load-line Quad

Length of Reflector per

side in feet feet

6.92 4.31
2982

6.92 5.00
3.01

7.24 431
2.69

7.24 4.65
2.71

7.24 5.00
2.73

7.40 5.00
2.56

1. Model 1 is the same as the single-load line model used in the comparison with other loaded configurations

2. LL = length of load-line assembly on each side of the element. All load lines are #14 copper wire (same as the

Model Length of Driven Element
per side in feet
1! 6.92
LL 2.62
2 6.92
LL 2.72
3 6.92
LL 2.64
4 6.92
LL 2.68
5 6.92
LL 272
6 6.92
LL 2.72
Notes:
above. Models 2 through 6 vary the size of the reflector or the spacing or both.
antenna element) with a spacing of 3 inches between lines.

Table 2. Some variations on the single load-line square to improve performance.
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Figure 23. Load-line assembly details for the PVC-supported 10-meter shrunken quad.

intermediate size reflector at an intermediate
spacing). However, the combination of the two
factors, as in Models 5 and 6, produces an
antenna that is a direct match for 75-ohm coax
from 28.25 to 29 MHz.

Summing up the three sets of characteristics:
wide spacing and a physically larger reflector
produce the maximum gain, highest front-to-
back ratio, and the flattest SWR curve.
However, the antenna remains superior to a
standard two-element Yagi only over about 500
kHz, with usable directional characteristics for
about another 250 kHz. For effective use at the
low end of 10 meters, the design center should
be set another 250 kHz lower to bring the front-
to-back ratio up to the productive levels and to
bring the feedpoint impedance to levels easily
matched in a 75-ohm system. However, the
practical upper limit of the antenna as some-
thing better than a single full-size quad loop
would then be about 28.75 MHz.

If the narrower bandwidth for full perfor-
mance is acceptable and there is a need for
compactness, then a shrunken quad can be a
good choice. If hardware store supplies are the
source of the antenna parts (except for the #14
wire, a RadioShack staple), then perhaps the
model having equal-size loops and 5-foot spac-
ing may be the best choice. Larger reflectors
would require supports longer than the standard
10-foot lengths of thin-wall PVC. The diamond

tends to shed ice and water better than the
square. However, the square requires less hori-
zontal space.

A test model of a shrunken quad

The test antenna was a diamond single-load-
line quad with equal size loops spaced 5 feet
apart. This configuration permitted an all-PVC
support system on a 5-foot boom of 1.25 inch
nominal Schedule 40 PVC. The spreaders are
9.1-foot lengths of PR 315 0.5 inch nominal
PVC. Each piece fits through a 0.875-inch hole
through the boom, and there are adjacent holes
for spreaders at each end. Number 10 stainless
steel (SS) hardware fixes each spreader in
place. As shown in Figure 22, spreaders are
mounted about 9 to 10 inches from the ends of
the boom. To carry the wire, glue a half-inch
Tee to the end of each spread.

The total circumference of the diamond loop
is approximately 25.4 feet. With expendable
twine, create a loop through the Tees, stressing
the spreaders outward towards the end of the
boom. The twine loop should be about the right
circumference, as the spreaders bend in a plane
with the end of the boom. Stressing the spread-
ers prevents them from waving front to back in
the wind and strengthens the overall structure.

I drilled the end of the boom for an additional




short piece of half-inch diameter CPVC about 5
inches long. (Tan CPVC is closer than white
PVC to its listed diameter: 0.5-inch nominal
diameter CPVC has an outside diameter just
enough larger than a 5/8-inch hole cutter to
require a small amount of filing for a fit.)
Drilled at a 3-inch spacing, this piece anchors
the load lines. A pair of short sections of 1/8-
inch nylon rope will attach to the final spacer of
the lines at each side of center.

Models of the test antenna in free space, as
well as 20 and 35 feet over real medium
ground, suggest driven element load line
lengths of 3.6 to 3.8 feet each for the driven
element and 4.0 to 4.1 feet for the reflector. 1
chose to install driven element lines (without a
shorted end) of 4 feet and reflector lines of
4.25 feet to allow for variables of building.
Although there is a slight mismatch with the
model, since the Tees round the quad corners,
the most significant variable concerns the
stressing of the spreaders. I found that [ tended
to overstress the assembly, and, in the process,
lost a half inch or so of wire length per side.
The longer load lines permit on-site adjust-
ments before final soldering.

T used a single piece of wire for the top two
sides and the top wire of each load line. Install
at least two spacers (4-inch pieces of half-inch
CPVC, drilled at a 3-inch spacing) on each load
wire and tie off the load wire to a third spacer.
Tie this last spacer to the one on the boom with
the end of the nylon rope. Figure 23 shows
some of the details of the load-line arrange-
ment. A single wire for the reflector lower half
and load-line bottom wire replicated the top
half, including load-line spacing and termina-
tion. Separate wires for the remaining sides and
their associated bottom wire for loads of the
driven element completed the basic assembly.
Add thin position-locking wires, soldered to the
main wire at each major corner, including the
top spreader. A coax connector on an L-shaped
piece of plastic completes assembly.

The resulting structure, with outward-curved
spreaders at each end of the boom has its own
aesthetic appeal. More significantly, it is suffi-
ciently rigid to hold its shape in a gale, but flex-
ible enough to withstand the breezes, transfer-
ring spot stress throughout the structure.

Initial testing can be done with the beam
pointed skyward. Temporary shorting bars per-
mit easy adjustment. I used short lengths of #12
copper wire terminated with ring connectors.
Around the load-line wires, I crimped half-inch
L-brackets, passing a #6 bolt through the two
holes and the ring connector on one end of the
#12 wire,

If it’s not off the mark by more than a half
MHz, you can initially adjust the driven ele-
ment for lowest SWR as a marker of resonance.

Adjusting the reflector will either be a matter of
guess work or of in-place adjustment. A low-
level signal source at a distance of at least 10
wavelengths (about 350 feet on 10 meters) will
help you find and adjust the minimum signal
oft the rear of the beam. On my test model, my
initial guesswork settings, based on the com-
puter models and upon my estimates of how
much I shortened the beam during construction,
allowed the reflector adjustment to be made in
one trial, with no further work needed on the
driven element. (I am not always, or even usu-
ally, this lucky, even with computer guidance.)

[ added about 2.5 inches to each load line ini-
tially to compensate for loop compression dur-
ing building (about half an inch short on each
of the diamond’s four sides). With a 50-ohm
coax line connected directly to this feedpoint,
the final settings placed a minimum SWR win-
dow of 1.6:1 from about 28.3 to 28.7 MHz,
with under 2:1 SWR from 28.1 to over 29
MHz. At a 25-foot height, these frequencies
climbed about 0.2 MHz.

Reflector adjustment was also close to the
compensated mark, requiring about a half-inch
of load-line lengthening to place the maximum
null at 28.5 MHz. Rechecks of the driven-ele-
ment SWR proved that further adjustment was
unnecessary. The reflector null was fairly
sharp, with noticeable drops, as low as 50 kHz
oft maximum. However, within the limits of
simple S-meter rezadings of uncalibrated test
signals, the curve tracked the models predic-
tions quite well. Once set. the difference be-
tween maximum null and the rearward signal at
the band edges of 10 meters was about 2 S-units.

Although the shrunken quad can be operated
as-is over a fair portion of 10 meters, its imped-
ance is a better match for 75-ohm cable than
for the 50-ohm test cable. A quarter-wave sec-
tion of 75-ohm cable might well improve the
SWR bandwidth, although a 1.5:1 broadband
transformer of transmisston-line transformer
might produce a more accurate match. The
basic narrow bandwidth of the antenna’s gain
and front-to-back ratio will not be affected by
these measures.

Summary

Because the shrunken quad can be built from
wire and PVC, it is among the cheapest of the
beams so tar tested, even requiring the least
hardware. N4PC’s sturdier all-Schedule 40
construction for 17 meters is a model for lower
band use.” In fact, on the WARC bands, the
narrow bandwidth of the shrunken quad’s peak
performance figures is no hindrance; in deed,
the antenna may have its best home on those
bands. It is also at home wherever one requires
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a small footprint, but can tolerate some offset-
ting vertical dimensions.

Alternatives to the use of linear load lines are
unlikely to improve performance in any notice-
able way. R.G.D. Stone, G3YDW, reported the
same narrowness of performance and SWR
bandwidth on his capacitively loaded miniquad
for 20 meters.® Indeed, voltage-node loading,
whether by load-lines or linear capacitive
“hats,” is likely to yield the fewest loss sources
of the many schemes used to shrink quads.

Capacitive hats, of course, are not limited to
quads or verticals. | wonder what they might do
for a shortened Yagi. -]
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Long after I completed my foray into shrunk-
en quads, my highly perceptive YL, N4TZP,
noticed my brief remarks on capacity-loaded
quads. These versions of shortened quads use a
single wire from the side points instead of the
parallel lines that I used, following Paul Carr’s
lead. She asked me a simple question: “[s there
any advantage to one system of loading over
the other?”

The answer comes in two parts: 1. There is
no electrical advantage to one system over the
other. 2. There may be a mechanical advantage
to one over the other, depending upon your
quad construction technique.

Figure 24 shows the physical layout of a
two-element diamond quad beam using a
capacity “side” hat (the electrical equivalent of
a vertical’s top hat) to permit tuning the ele-
ments to resonance or other points. The dia-
mond’s dimensions are the same as the model
built and tested from Figures 22 and 23.
Capacity hat dimensions are shown on one side
for the driven element and on the other for the
reflector. Element spacing remains the same at
5 feet. I derived the dimensions by a simple
modeling technique. From the final model of
the quad I built, | erased one of the elements in
each of two separate models and determined
the resonant frequency of each element. Then I
eliminated the parallel stubs and joined the side

Appendix: Capacity loading versus End-Stub loading a
Shrunken Quad

peaks. Finally, I creased a capacity hat with a
wire inset plus two wires paralleling the main
element, adjusting their lengths until the loop
was resonant on the same frequency as its stub-
predecessor. I then rejoined the two separate
elements in one model.

You can adapt this technique to the actual
construction of antennas. Build one element at
a time and tune it to a resonant frequency given
by a model that you have previously broken
down into separate elements. Combining the
elements should assure that you're close to
optimal performance without concern for inter-
preting element interactions during tuneup.

The technique of replacing the stub by a
capacity hat is justified on the basis that the
two points originally separated by the parallel
stub have the same current and can, therefore,
be connected. However, a capacity hat in one
dimension (ignoring wire thickness) requires
a greater length than a two-dimensional flat
disk-type hat. The dimensions shown are
applicable to #14 copper wire and to the
separation wire length (0.5 feet in this model).
As with the parallel wire stub, careful pruning
is necessary.

Figure 25 shows the free-space pattern that
resulted from this exercise. Forward gain (near-
ly 6.2 dBi) and front-to-back ratio (about 18
dB) are too close to the corresponding numbers




Element separalion: 5.0° -~
N
6.36"
6.36'
3.6' -
3.2’ N
A | > s
5/ i A
' < / p
o "\
0 ¥ ./
3.6 P p
<. 5 M / y 6.36’
6.36' ]
Reflector
Driven Element
Elements and caopacity hats
4 #14 stronded copper wire
Feadpoint e

Figure 24. General outlines of a capacity-loaded shrunken quad, with driven element dimensions to the left and
reflector dimensions to the right. The missing parts of the diagram are mirror images of the parts shown.
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Figure 25. Free space azimuth pattern for a two-element capacity-hat-loaded shrunken quad of the dimensions
shown in Figure 24.
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for the stub-quad to make any difference in
performance. SWR, gain, and front-to-back fig-
ures over 10 meters correlate well with those
for the stub quad.

The shortening technique you use likely will
depend on your construction method. The stubs
in the shrunken quad I built are preferable with
the stressed support arms, because each stub
rides free, with no nearby metallic masses to
detune it. Scaling up the antenna for lower
bands, however, may call for the capacity hat
technique. If you use flat-face Xs to support the
quad wires, and if there is any metal in them,
then the capacity hat technique may be better

suited to your needs. It would reduce coupling
to the support framework,

End loading of antenna elements is a tech-
nique that deserves further study. Although
capacity hats are somewhat out of vogue in
amateur antenna-making, except for vertical
mobile antennas, they do offer somewhat high-
er efficiencies than other forms of loading.
They load where the current is least, rather than
adding coil losses at high current points or oth-
erwise distorting the radiation pattern near the
feedpoint. Although near-circular hats are
somewhat ungainly, they may still have a place
in at least monoband horizontal antennas.
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PRODUCT INFORMATION

High Energy Surge Protectors for
RS-232/422/485 Comm Lines

A new line of heavy duty surge protectors
from B&B Electronics is designed to help pro-
tect data and communication lines against
lightning strikes, power surges, and other
types of voltage disturbances. Up to five lines
are protected.

The new models offer three stages of protec-
tion: a gas discharge tube, a series resistor, and
a transient voltage suppresser. The heavy metal
case of the B&B Electronics High Energy
Surge Protectors offers two terminal posts and
two metal mounting brackets to provide a good
solid ground connection, which is important for
the units’ proper operation.

The units have been tested to meet IEC 1000-
4-5 and IEEE C62.41 specifications; they also
meet CE regulations.

Standard connectors are five-position blocks.
An RS-232 model with M/F DB-25 connectors

is also available. Size is 4 1/2" x 3 1/4" x 1 3/4"
(LWH) and weight is 7 ounces.

The new High Energy Surge Protectors from
B&B Electronics range from $74.95 to
$124.95. For a free catalog, contact B&B
Electronics Manufacturing Co., 707 Dayton
Rd., Ottawa, IL 61350; Phone: (815) 433-5100:
Fax: (815) 434-7094; e-mail: <catrqst@bb-
elec.com>; WWW: <http://www.bb-elec.com>.
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HFx 1.1: The CCIR alternative in HF

propagation analysis and prediction

Ithough most current HF propagation
Asoftware for Windows uses a version of

IONCAP as its foundation, HFx by
Pacific-Sierra Research Corporation uses the
vertical incidence critical frequency foF2
model recommended by the International Radio
Consultative Committee (CCIR) in 1966-67.
The mathematical model is based on long-term
empirical observations. The propagation model
is based on ray geometry and uses another
CCIR-recommended algorithm.

From these calculations, HFx produces three
types of outputs: a global model (with rectan-
gular or spherical mapping) of MUF, FOT, and
HPF world wide; a temporal or clock-hour
graph of MUF, FOT, and HPF for a given path;
and a display of skip or “hop modes” in either
graphical or tabular form. The familiar
Maximum Usable Frequency (MUF) concept is
joined by the Optimum Traffic Frequency
(FOT) and the Highest Possible Frequency
(HPF) to provide the user with varying levels
of confidence in various paths at various fre-
quencies of interest.

HFx is surprisingly simple to use and
requires rather minimal user inputs. Among the
basic inputs are a date and time (or an option to
use the host computer figures), an option to use
short or long great circle paths, transmitter
power and antenna (as some aspects of the cal-
culations depend upon this figure), minimum
take-off angle for the antenna used, and an
option to enable E-layer bending for greater
computational accuracy. Additionally, one
enters the station location as a latitude and lon-
gitude (or as a callsign prefix to preset a default
figure) and, for two of the outputs, a receiver

location somewhere else in the world. If the
user is graphically oriented, he can enter loca-
tions using the left and right mouse buttons to
click locations from the interactive world map
(Figure 1) to transfer them to the data entry
box. The user also has the option of linking all
three program outputs to these figures or of
entering separate figures for each.

The only required input data that’s not a mat-
ter of time, place, or options are the solar activ-
ity number and the K-index. Solar activity may
be entered as either the sunspot number or the
daily 10.7-centimeter solar flux figure. The for-
mer, along with the current three-hour geomag-
netic K-index, are broadcast hourly by WWV
and available on the World Wide Web from
NOAA and other sources.

Once entered, the user selects the desired
output and lets the program do its work. The
world map MUF function graphically displays
FOT, MUF, or HPF as a series of easily read-
able blocks atop either a rectangular or spheri-
cal world map. One can alter the center of the
displayed half sphere to any convenient latitude
and longitude and click between rectangular
and spherical displays.

The MUF map may be most useful for exer-
cises in learning what happens with varying
sunspot and K-index conditions. Taking in the
world at a glance quickly familiarizes one with
the concept of Maximum Usable Frequency
(MUF) and its operating consequences.

Detailed DXpedition, contest, and even gen-
eral operation planning requires access to the
24-hour graphs of the MUF/FOT/HPF for spe-
cific paths, normally from the anticipated oper-
ating point to various areas of the world. A
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Figure 1. A view of the main interactive world map, showing the transmitting and receiving station locations and the great circle
path between them, the sun location, the auroral areas, and the daylight terminator. This gray-scale reproduction of the screen can-
not do justice to the quality of the color graphics of HFx.

sample is shown in Figure 2. One can develop
a planning exercise for each ham band for rep-
resentative areas of the world and also find the
best times of day for contacts with each. A
compilation of this data soon sorts itself into a
detailed plan of attack for maximizing QSOs
and minimizing search time.

For detailed path investigations, HFx offers
both graphical and tabular skywave “hop™
geometries. The data is available for up to 10
HF frequencies and tabular output includes cal-
culations of the e-field at the reception site. A
simple 14-MHz hop path from Tennessee to
London appears in Figure 3. Although one
might think of this mode as a graphical extra
without much utility in amateur communica-
tions, serious operators and students of propa-
s gation can gain significant insight into propaga-
tion path physics from this mode of analysis.
The tabular data on anticipated signal strength,

3 signal-to-noise ratio, and path availability is
Run . o
| Info I especially useful.

In the end, HFx will provide the user with
much more information if he brings to the soft-
ware a well-developed planning or study exer-
cise to make the available output data meaning-
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Figure 2. A typical hourly chart of MUF, FOT, and HPF from a plan-
ning exercise. The color-coded lines for this Tennessee—England exer-
cise tend to favor 20 meters in the UTC afternoon.

.:\' immet OO0 7



ful and useful. Software sessions, in turn, will
likely help one in developing the exercises even
further. Gradually, a program like HFx
becomes a natural tool. Then come the refined
questions. How do actual experiences correlate
with predictions? How useful is the three-hour
K-index in planning actual operations?

New users may wish to review the extensive
HFx manual in partial reverse order. After
installing the software, study the glossary of
basic propagation terms (Chapter 7), then read
carefully the explanation of ionospheric propa-
gation (Chapter 6). Finally, work through the
tutorial in Chapter 5 (referring often to the
interface information in Chapter 4) to quickly
master the art of putting data into and getting
data out of the program. Finally, spend some
time before and after each session in develop-
ing new or expanded uses of the program.

Although HFx has much to offer serious stu-
dents of HF propagation, one can hope for
future print functions for graphics and save-to-
file functions for tabular data to help glean the
most information from each session. HFx is
available from Pacific-Sierra Research
Corporation, 2901 28th Street, Santa Monica,
California 90405-2938, at a cost of $129. |

Frequency (MHz)

315 7.0 * 140 21.0 28.0

Figure 3. The 20-meter skip or hop analysis for the same Tennessee—
England path in the same exercise. Again, gray-scale reproduction
reduces the vividness of the actual color screen display.

Slewing Operational Amplifier Sets Speed
Benchmark

Analog Devices has introduced the indus-
try’s fastest slewing monolithic operational
amplifier. The current-feedback AD8009 fea-
tures a 5500 V/us slew rate—more than twice
that of its nearest competitor with 10% faster
rise and fall times at 725 ps for a 4-V step.

Small signal (-3dB) bandwidth is 1 GHz at
unity gain and 700 MHz with a gain of +2.
Spurious free dynamic range is 74 dBc at 5
MHz, 53 dBc at 70 MHz, and 44 dBc at 150
MHz. For multitone signals, such as RF/IF sig-
nals, the 3rd-order intercept is specified at 26
dBm at 70 MHz and 18 dBm at 150 MHz.
Settling time to within 0.1% of full scale sig-
nals is 10 ns.

The AD8009’s high-speed performance is
available with no penalty to output power
drive. From 6 V supplies it drives 175 mA (150
mA minimum) of output current through a 10-
€ load, and it can drive four back terminated
video loads with a guaranteed maximum 0.03%
differential gin and 0.03° differential phase
error. Maximum quiescent current is 16 mA
and maximum input offset is guaranteed to be
less than 5 mV (typically 2 mV),

PRODUCT INFORMATION

The ADS009 costs $2.99 in 1,000s, is avail-
able in standard 8-pin SOIC packaging, and
will operate over the industrial temperature
range -40 to +85°C. An evaluation board
(model number AD8009-EB) is available for
custom device characterization.

For more information, contact Analog
Devices, Inc., Ray Stata Technology Center,
804 Woburn Street, Wilmington, MA 01887;
Phone: (617) 937-1428; Fax: (617) 821-4273.

Communications Quarterhy

95



Rick Littlefield . K/BOT

109A McDaniel Shore Drive
Barrington, New Hampshire 03825
e-mail: <k Ibqt@aol.com>

Q6

RTERLY DEVICES

The Den-On SC/000/

Vacuum Desolderer

ew designers or low-volume repair tech-
Fnicians can afford the luxury of a full-

blown SMD rework station. Instead, most
of us improvise with what we’ve got, while
keeping an eye open for new low-cost tools to
make the job easier. For example, to solder, |
use a combination iron and vacuum-sucker sol-
dering station liberated from a flea market at a
fraction of its as-new price.

This works OK, but what I really want is an
all-in-one gizmo that can wire-solder, air-
reflow, extricate SMD parts, and free tight
leads from stubborn plate-throughs. 1'd also
like to get rid of the compressor, air tank,
hoses, tangled cords, and shoe-box sized vacu-
um unit presently cluttering up my lab.

Photo A. The Den-On SC7000Z Vacuum Desolder.

Summer 1997

Although this “R & D dream machine” proba-
bly doesn’t exist, the Den-On SC7000Z desol-
dering tool comes amazingly close!

Description

The Den-On SC7000Z is a handheld desol-
dering device with a built-in suction pump and
filter. It performs the same basic function as a
much-larger bench-mounted vacuum system.
However, there are several differences and
added features that make the SC-7000Z more
versatile. For one thing, the unit is fully self-
contained in a high-impact plastic case about
the size of a standard soldering gun. The case is
carbon-impregnated and the tip grounded, mak-
ing the SC-7000Z ESD-safe for C-MOS
devices. The unit’s vacuum pump, flow valve,
and filter are located in the body, and the
pump’s drive motor is inside the handle. This
may sound like a hefty handful of hardware,
but the entire package barely weighs a pound.
Operation is totally silent, except for pump
noise when the trigger switch is depressed.

Compared to a bench-top vacuum unit pow-
ered by compressed air, the SC-7000Z not only
saves space, but also a considerable amount of
money. To illustrate how much money, the cur-
rent list price for my bench-top station is over
$1,100, plus another $250 for a small com-
pressed-air setup with all the required hoses
and attachments. The SC-7000Z, on the other
hand, sells for $395 (current sale price with
stand). If this were simply a powered vacuum-
sucker alone, you'd already be $1,000 ahead of
the game. But, its more!

Unlike my fixed-temperature bench-top sta-
tion, the Den-On unit is temperature-adjustable
from 350 to 500 degrees Celsius (662 to 932
degrees Fahrenheit). This means you can set



the tip temperature to accommodate a wide
variety of components and pc boards. Heat is
generated by a barrel-mounted, 100-watt
ceramic element. This unified design mini-
mizes conduction distance to the tip, and tem-
perature is held constant by a sensor-feedback
control circuit. A thermostat LED indicator
remains lit during warmup and blinks when the
unit is at temperature. Warmup from a cold
start takes about two minutes.

Perhaps the most significant feature of the
SC-7000Z is its ability to reverse air flow and
function as a positive-pressure hot-blow sys-
tem. This adds the capability to air-desolder
LSI chips and other SMD parts. It also allows
you to use reflow pastes for installing parts
with pin spacings too close to wire-solder with
an iron. To change modes from powered suc-
tion to hot-blow soldering, you’ll need to
change tips, substitute a bypass cartridge for
the unit’s suction filter, flick the air-direction
lever, and turn up the heat. This procedure is
simpler than it sounds and takes less than a
minute to complete.

In comparing the SC-7000Z to a bench unit, I
should note that most vacuum stations are
designed to run all day—every day—in a high-
volume production environment where com-
pressed air is readily available. Most of them
also provide a high-quality temperature-con-
trolled soldering iron as part of the package
(something the SC-7000Z does not). The SC-
7000Z, on the other hand, is designed for inter-
mittent use in a low-volume shop, field-service,
or lab environment. Here, small size and versa-
tility are especially valued features. It’s simply
a matter of choosing the right tool for the job;
for many of us, a production-line vacuum sta-
tion is overkill.

Using the SC-7000Z

Manufacturer’s specifications and claims are
always interesting to read, but using a product
for real-world tasks is more telling. When I set
the product literature aside and applied power
to the SC-7000Z, I wondered how a small
handheld unit could seriously compete with an
industrial-grade vacuum sucker. About two
minutes later, the thermostat LED started to
blink and it was time to find out.

To provide a true acid test, I pulled a rejected
radio transceiver board from my junk box.
Unlike most digital boards, this particular RF
layout harbored a host of nasty-to-remove
through-hole parts stuffed into large heat-
absorbing ground-plane areas—a nightmare for
most removal systems. For openers, | took aim
on a 10-mm shielded RF transformer and
pulled the trigger. The SC-7000Z’s vacuum

pump kicked in with a muffled “brrupp.” As
soon as I desoldered the last pin, the 10-mm
shield can literally fell out of the board! I tried
several more parts, and each one came out with
equal ease. Through a combination of solid
thermal capacity, stiff temperature control, and
strong suction, the SC-7000Z lived up to its
claims. It’s a real performer!

The “gun” technique for removing parts is
simple—just make sure the tip is well-tinned
and the plate-through is completely heated
before you pull the trigger. Thorough heating
ensures complete evacuation of the hole and
pad area. One note of caution: the manual
advises against suctioning up clipped wire
leads. This can result in an unscheduled stop
for a tip cleaning.

The spec sheet states that the SC-7000Z can
clear plate-throughs on multilayer boards up to
eight layers deep, and even 12 layers deep
when supplemental heat is applied to the bot-
tom of the board. I believe it-—the unit’s inter-
nal pump develops over 650 mmHg of vacuum
in a mere 1/10 of a second! In fact, this is the
only low or moderately priced system I’ve seen
that has enough suction and thermal recovery to
reliably clear plate-throughs implanted in large
land areas.

Encouraged by the unit’s performance on
through-mount boards, I switched over to hot-
blow mode. As long as you have a safe way to
handle and cool the extracted tip, you can
switch modes while the unit is still hot. To use
the hot-blow mode effectively, however, you’ll
need to purchase the accessory SMD Tool Kit
($42). This package includes a special elongat-
ed tip that delivers superior air heating, a baf-
fled bypass cartridge to replace the fiber-filled
suction filter, and a SMD removal tool with a
collection of stainless-steel wires and blades for
lifting various SMD packages.

After setting up for hot-blow operation, I
located a scrap board containing an SMD IC
with 0.05-inch pin spacing. To ensure sufficient
air temperature, I set the thermostat for 450° C
(more tip heat is required for hot-blow proce-
dures than for suction removal). To remove the
IC, 1 installed a thin stainless-steel wire in the
SMD removal tool and slipped it behind the IC
pins on one side. After preheating the pad area
for a couple seconds, 1 began to pop each lead
off its pad with the SMD tool, moving down
the length of the chip while continuing to apply
heat. This procedure worked exactly as adver-
tised, and the chip came out cleanly without
damage to the board.

Next, [ extracted a few 1206 resistors, heat-
ing each one with a jet of hot air and plucking it
off the board with tweezers. The SMD tool may
also be used for removing discrete parts such as
capacitors, resistors, and inductors. Simply sub-
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stitute a small blade in place of the wire.
Finally, to push the envelope, I reinstalled the
same IC I had removed, using solder paste and
a construction aid to hold the chip in place.
This was a slightly more challenging task, but,
once again, the gun’s air temperature was more
than adequate to heat the pads quickly and
reflow the paste.

Maintenance

As with any vacuum desoldering system, the
SC-7000Z requires periodic maintenance.
However, thanks to some forethought on the
part of the manufacturer, I found this quick and
easy to perform.

The pathway from tip to filter cartridge is
short, straight, and very hot. so there’s little
opportunity for solder to ball up and become
trapped in the either the tip or suction line. To
clear solid debris, the instructions suggest

reversing the air flow briefly prior to shutdown.

A more thorough tip cleaning is accomplished
with a cleaning pin (a set of these comes with
the unit). For dissolving residual flux, the liter-
ature suggests occasionally removing the tip
and soaking it overnight in acetone.

To protect the unit—and to protect yourself
from the hot tip—I strongly recommend order-
ing the SC-7000Z with the ST-800 stand. This
heat-resistant holder not only allows safe stor-
age when the unit is turned on, but also pro-
vides a cleaning sponge for keeping the tip
bright and clean. Also, to prolong life, the
instructions recommend tinning the tip occa-
sionally with fresh solder and remembering to
turn the unit’s thermostat down to minimum
heat during prolonged periods of inactivity.

The other important maintenance item on the
SC-7000Z is the unit’s filter. All vacuum sys-
tems require an in-line air filter to prevent sol-
der debris from being sucked into the pump.
The disposable Den-On filter cartridge is made
from shatter-proof high-temperature plastic,
and it ejects easily from the top of the unit with
the pull of a release lever. Routine cleaning is
easy, and cartridge handling is far less touchy
than with the high-temperature glass-tube fil-
ters used in many bench-top stations. A catch-
plate (or baffle) in the Den-On cartridge pre-
vents rapid fouling of the filter’s fibrous mater-

ial and prolongs the filter’s useful life. When
the fibrous material finally becomes contami-
nated, replacement cartridges are available for
about $3.00 each.

The Bottom Line

Overall, I found the SC-7000Z to be a first-
class performer. For one thing, it did everything
the promotional literature claimed it would.
More importantly, however, it fulfilled several
valuable functions [ routinely need when proto-
typing new designs for both through-lead and
SMD style packaging. If you’re looking for a
low-cost way to add vacuum-powered suction
and hot-blow capability to your bench, this unit
is a hard act to beat!

The Den-On SC-7000Z is presently available
from Howard Electronic Instruments, Inc. for a
sale price of $395. This price includes the ST-
800 stand, a standard-profile 1 mm-ID suction
tip, a spare filter, and a tip-cleaning tool ($375
without stand). Other standard and slim-profile
tips are also available as accessories in 0.8 mm,
1.0, and 1.5 mm ID sizes, along with dispos-
able replacement filter cartridges.

In addition to purchasing the basic unit and
stand, I strongly suggest ordering the 51-78-00
SMD Tool Kit ($42). This accessory is essen-
tial if you wish to use the hot-blow feature of
the unit for SMD work. Other accessories, such
as the 71-11-00 SMD suction-removal assem-
bly for LSIs ($65), are also available to perform
specialized operations normally found only in
high-end bench-top SMD rework units.

You may contact Howard Electronic
Instruments, Inc. for literature and more infor-
mation at 1-800-394-1984 and 1-316-744-1993
via voice, or at 1-316-774-1994 via Fax. The
e-mail address is <sales@heinc.com>, and the
Web site is at <http://www.heinc.com>. The
regular mailing address is Howard Electronic
Instruments, Inc., 6222 North Oliver, Kechi,
KS, 67067. All units purchased carry a 30-day
fully refundable money-back guarantee, and a
one-year warranty. Qualified buyers may be
eligible for a free 15-day trial. The unit may be
returned at no charge if you decide not to buy.
The company also carries a line of Den-On pre-
mium-grade temperature-controlled soldering
irons to compliment the SC-7000Z. |
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A Note on the Radiation
Resistance of Loop Antennas
with Short Circumferences

Loop antenna fans. take note.

Peter Bertram, DJ2ZS

Small loop antennas with radius b and cir-
cumference C are increasingly popular, as is
evidenced by the number of publications dedi-
cated to such antennas. The number of most
interest is the radiation resistance, which is
always calculated by the expression:

R, = 3205 (1_}’\)4 o) (n

which equals:

=012 e Cyd e
R =20m2« Gyt Q 2)
where Cy is short for C/A.

The above-mentioned equation is an approxi-

TECH NOTES

Table 1. Volues of R S.
Cy, Ry Rm
m& m2

0.052 1.5 1.5
0.105 23.8 27.0
0.157 121 163
0.210 381 664
0.262 93] 2330
0.315 1930 8106

Table 2. Results of R. W.P

Cy Reg Img Reym Imyg
Q Q Q Q

0.05 00013 80 0.0013 8l

0.10  0.0222 166 0.0222 167
0.15  0.1317 263 0.1312 265
020 05212 380 0.5238 384
0.25 1.7153 534 1.7780 544
030 54935 760 5.867 784

mation, valid only for very small loops with a
constant current distribution whose derivation
can be found in almost any antenna textbook. It
isn’t a good approximation for Cy <0.1, which

Radiation Resistance: Theory vs. Method of Moments
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Figure 1. Radiation resistance: Theory versus Method of Moments.
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is easily shown by a simulation using the
method of moments (MOM). Table 1 lists
some values of Rg where Ry stands for radia-
tion resistance predicted by the formula and Ry,
for the radiation resistance gained by the
method of moments. And, there’s good news:
Ryq is greater as is usually supposed!

Figure 1 is a graph that should enable you to
read off the values of interest. For those who
prefer a pocket calculator, Equation 3 shows
three approximations for three ranges of C; .
Note the different exponents!

00+ Uz & 0.000 < Uy <0110
R~ 1240+ U)*8 < 0.105 < Uy, < 0.250
7820+ U® < 0200 < Uy < 0320

3

For those who are still skeptical, I include the
results of R.W.P. King (Table 2) after a rigor-
ous mathematical treatment of loop antennas of
arbitrary size. The subscripts K and M stand for
King and MOM, respectively. The level of
agreement speaks for itself.

So, if you find your loop antenna works bet-
ter than expected, you’ll know why!

New Relays for Old

Choosing the right relay for the right job.
S.F. Brown, G4LU

The relay has been around in its many forms
since the earliest days of line telegraphy. The
fact that these devices still figure in the major
suppliers’ catalogs shows they still have many
applications.

Relay selection

When you select a relay for a particular pro-
ject, it’s probably because the contact arrange-
ment is correct; however, the operating voltage
may not be suitable for the application. You

can look around for another relay with a coil of
similar dimensions and the required operating
voltage rating. or you can make hit-and-miss
attempts at rewinding the original coil. If you
adopt the latter course, the relay may only oper-
ate weakly, or the modified coil may overheat.
Usually ad hoc methods don’t produce a satis-
factory solution, nor is the time you spend
rewinding the coil used efficiently.

To avoid excess experimentation, the follow-
ing formulas were devised some 40 years ago,
and have proved successful on many occasions
since. The method depends on making a rea-
sonably accurate estimate of the ampere-turns
required to operate the relay in its unaltered
form. This is done using knowledge of the orig-
inal operating voltage, by measuring the physi-
cal dimensions of the coil, and calculating the
number of turns and the gauge of wire
employed from those properties. (In some cases
the wire is revealed near the coil terminals and
a direct measurement can be made.) Having
determined these factors, it’s a relatively easy
matter to find the gauge of wire and number of
turns for the desired operating voltage.

The math

The mathematics aren’t difficult for those
who are versed in the art/science of calcula-
tions. For those who are not so blessed, the
important conclusions appear in the boxes.

Consider the relay core shown in Figure 1. If
“W” c¢ms is the distance between the cheeks of
the coil former and “t” cms is the overall diam-
eter of the wire used, it follows that the turns
per layer will be W/t.

Similarly, if “d” is the diameter of the iron
core plus, say 0.1 cms for insulation, and “D” is
the outside diameter of the coil less 0.1 cms for
the protective insulation, then the height of the
winding will be (D-d)/2 and the number of lay-
ers will be (D-d)/2t. (The diameter of the core
should be measured at the fixing end because
the other end is often enlarged to retain the
outer cheek of the coil former.)

cheek——-—)«s E é g j;]

W ‘
«— — Y

Figure 1, Relay core.

100 Summer 1967



It follows, then, that the total turns, T, will be
the product of these two terms,

T=W([D-d) (1)

2t2

This is a general expression that applies to
any coil of the shape shown.

If we can strip the coil of its wire. we can
measure its thickness and it will then be a sim-
ple matter of substitution in Equation 1 to find
the number of turns employed. (For accurate
work, you’ll need a micrometer or wire gauge.
but it will be sufficient to close-wind an inch
length of turns on a pencil and calculate the
thickness.) Some relay coils carry a label that
provides this information, and if we’re lucky,
the wire gauge along with the coil resistance.
(See the example at the end of the article.)

Usually, this isn’t the case; but once we’ve
obtained this information and know the resis-
tance of the winding, the ampere-turns may be
determined. This is a constant for a given relay
because the magnetic flux, and hence the pull
on the armature, are in direct proportion. This
value isn’t much use in itself, because what we
really want to know is how to achieve the same
value when the coil is rewound for the desired
operating voltage. This we must set about
doing, but first we must develop some equa-
tions for the resistance of the coil.

A digression

Let’s digress to another set of formulas con-
cerning coil resistance. This information is usu-
ally printed on the outside of the coil, but, if
not, it can be determined by measurement.
Also, we know the resistance is a function of
the length and cross-sectional area of wire. as
related by the following well-known formula:

length of wire
cross-sectional area of wire

R=p-

where p is the resistivity of the wire material,
which for copper is 1.724 p x ohms/cm?3.

It’s obvious that some turns, where they are
next to the core, will have a small circumfer-
ence, while those on the outside of the winding
will be correspondingly larger. As a result, we
must introduce the concept of “mean length of
turn,” or MLT. The MLT will clearly be pi
times the mean diameter of coil, i.e..

MLT=re(D+d)
9
If the mean length of the turns is multiplied

by the number of turns, we shall obtain the
length of wire used in the coil. Thus if “L” is

the length of wire in the coil, then using

Equation 1:
L=W(D-d)s n(D+d)
212 2
L=nW(D2-d?) ()
442

Now the cross-sectional area of the wire is

(mt?)
4

By substituting this expression in the resis-
tance formula, together with the length given
by Equation 2, we have:

R=penW(D2-d2)s 4

412 T2

R=pW(D?-d?) (3)
@

The only unknown quantity in this formula is
“t”, the thickness of the wire. By transposing
the quantities, we can easily derive a formula
for it, thus:

th=uW(D2-d2)
R

ort=4[uW(D2-d?)/R]| 4)

The fourth root will have 1o be evaluated
using log tables, a slide rule or pocket calcula-
tor, or even by dredging up a double helping of
the longhand method of square rooting once
taught in schools.

This formula enables us to find the thickness
of the wire without wrecking the original wind-
ing. But, by whatever means we use to deduce
the size of the wire, the value can be put back
into Equation 1 to calculate the turns on the
original winding.

We now must find an expression for the
ampere-turns, AT, in terms of the voltage and
coil dimensions. Because we have a formula
for the resistance of the coil given in Equation
3 above, we can find an expression for the cur-
rent in the coil. Thus, if the applied voltage is
“E”, the current “I”’ will be:

[=E=E- t4
R pW(D2-d?)

and the ampere-turns will be given by multi-
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plying this by the expression for the turns
derived in Equation 1:

AT =E- t4 *W(D-d)
uW(D? - d?) 2t2
=E- 12
2u(D+d)

We can now set up conditions for the new
and old coils. The dimensions of the coils will
be the same in both cases. The only things that
will be different are the voltages and the wire
diameters. If the new operating voltage is “E,”,
and the wire thickness for the new winding is
“t,”, then because the ampere-turns are the
same in each case, it follows that:

AT =E- 12
2u(D+d)

=E,* t2
2u(D+d)

Because the denominators on both sides are
the same, by transposing we can achieve the
simple formula:

t,=t*V[E/E,] (5)

Thus, if the relay originally operated on 24
volts and is needed to work with 12 volts, the
new winding will require wire 1.4 times (i.e.
V2) the thickness of the old.

If we return to Equation 1 and do a little
transposing there, we find that:

2Te2=W (D -d)
and 2Tt 2=W (D-d)

hence T, = Tt
t,2

And using Equation 5 above:

T,=E, ©6)
E

Thus, in the example above, the new relay
would have twice the turns of the old one.

Using the resistance formula, it can also be
shown that the power dissipation in the two
coils will be the same, so the new one will run
as cool as the old.

Example

As an example of the degree of accuracy
obtainable from these formulas, I used a 50-
volt relay of U.S. Navy provenance found in
the junkbox. The relay coil had a resistance of

800 ohms and it also specified on its label the
turns on the coil and the wire gauge employed.
Thus, using its dimensions, the turns and wire
thickness could be calculated and checked
against the label specification.

Using the previous nomenclature, it mea-
sured as follows:
D=(1.8-0.1)cms taking the insulation into
account
d=1(0.65 + 0.1) cms taking the insulation into

account
W =3.5cms
p = 1.724 pohms/cm?3

S t4=1724x35(1.72-0.75%)
1,000,000 x 800

= 0.0000000176
and .. t=0.0115 cms.

The label on the relay said it was wound with
37 AWG (t = 0.011 cms), which shows that the
error is about 5 percent.

The turns on the relay will be given by sub-
stituting this value for “'t” in Equation 1:

thus turns = 3.5 x (1.7-0.75)
2x0.01152

= 12571 turns

The label said there were 11800 turns, mak-
ing the error about 6.5 percent. The magnitudes
of the errors are quite acceptable, as most
relays will usually pull in with an applied volt-
age much reduced on the specified rating.

The errors in all probability arise because of
the assumptions on the thickness of insulation
around the core, the protective covering around
the coil, and also because no account has been
taken of the wire insulation. In addition, it has
been assumed that the layers are wound exactly
on top of each other, which isn’t necessarily the
case. Some turns will fall in the “valleys”
between the turns beneath them.

If the relay in our example were to be used
on a 12-volt supply, the thickness of the wire
would need to be increased to \/[50/12])(0.01 15,
which is 0.0235 cms (22/23 AWG) or, because
1 am on this side of the “Pond,” approximately
34 British Standard Wire Gauge. The new turns
will be 12571 x [12/50] = 3017 turns.

Many relays on the surplus market are
designed for use in 24 or 50-volts DC circuits,
but in amateur practice a 12-volt supply is more
common. Using the preceding formulas, there
should be no difficulty in rewinding relays for
any DC supply voltage.
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The 2-Meter PVC-EDZ
Antenna

The Plumber’s Delight, 1990s Style.
Rick Littlefield. KIBQT

To an old-timer, a “plumber’s-delight”
antenna might conjure up recollections of cop-
per pipe, blue flames, and the acrid tang of hot
flux. However, PVC and Genova Cement™ are
the new materials of choice for plumbers and
antenna builders alike. These inexpensive sup-
plies provide the backbone for this high-perfor-
mance, side-mount 2-meter antenna. Build it
carefully and, for the price of lunch at
McDonald’s™, you’ll have a skyhook that per-
forms with the best.

Technical description

The PVC-EDZ is a 1-1/4 wavelength extend-
ed double zepp consisting of back-to-back 5/8-
wavelength radiators fed in the center. When
mounted vertically, it yields 3-dB gain over a
1/2-wavelength dipole by flattening out the pat-
tern and forcing more radiation toward the hori-
zon. When side mounted, you’ll realize yet
another | to 2 dB gain due to reflector action
from its support mast. Of course, this extra gain
comes at a price: side-mount verticals exhibit a
shadow, or a shallow null, off the back side.
However, if you can tolerate a few dB attenua-
tion in one quadrant, the PVC-EDZ will per-
form exceptionally well in all other directions.

Each 5/8-wavelength radiator is 1/8 wave-

length short of resonance at 3/4 wavelength and
exhibits capacitive reactance (Figure 1).
Normally, antenna manufacturers use a small
base-mounted series inductor to tune this reac-
tance out. However, the PVC-EDZ takes a dif-
ferent approach, using a short coaxial delay line
cut from a scrap of 50-ohm cable to perform
the same task. This method avoids the need for
cut-and-try inductor tuning.

With reactance tuned out, each 5/8-wave-
length radiator approximates a 50-ohm resistive
load. Connecting the two radiators in series
yields a 100-ohm balanced load. This, in turn,
requires a 2:1 impedance transformer and balun
for interface with 50-ohm unbalanced line.
Both conditions are satisfied by installing a 3/4-
wavelength line transformer made with 75-ohm
cable and wound into a current choke around
the antenna’s PVC horizontal support arm.

Construction

I bought my coax off-the-reel at RadioShack,
but you can use other sources. To make the
delay lines, cut two 12-inch pieces of solid-
dielectric RG-58 and prepare them as shown in
Figure 2. Be careful not to nick the center con-
ductor—it breaks easily. Next, cut a 46-1/2
inch length of RG-59 foam cable. Install a
PL-259 on one end and prepare 1/2-inch pig-
tails at the other end. The antenna’s 23-inch
center section is cut from 1/2-inch ID PVC
water pipe. The horizontal support is a 36-inch
length of 1-1/2 inch thin-wall pressure pipe.
Drill both of these pieces. along with the two
PVC end caps, as shown in Figure 3. Finally.
make a 6-inch aluminum insert from {-1/2 inch

K 100" LOA S
" (2) RG58 Delay Lines
|< 38 End Cap 10-7/8" End cap —— 38"%’
—i
< ]
Element Rod ) 1R(§529 ll?Tgam f Element Rod
" " i alun / 2:1Transformer
172" ID x 23" PVC pipe 612"
|~ PL259
. PVC Pressure Pipe
\/\ 1-12" ID x 36"
! Aluminum Insert
U-bolt Holes /ﬂ/ 1-1/2" OD x 6"
\ e
"‘o;
} |
[

Figure 1. Two-meter PYC-EDZ antenna.
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long Yagis, and antennas within inches of the ground - in
its actual operaling environment. Press a key and see ils
pattern. Another, its gain, beamwidth, and front/back ratio
See the SWR, feedpoint impedanca, a 3-D view of the
antenna, and much, much more. With 500 segment
capability, you can model extremely complex antennas
and their surroundings. Includes true current source and
transmission line models. Requires 80386 or higher with
coprocessor, 486DX, or Pentium; 2Mb available ex-
tended RAM, and EGA/VGAJSVGA graphics

ELNEC is a MININEC-based program with nearly all the
features of EZNEC except transmission line models and
127 segment limitation (6-8 total wavelengths of wire) Not
recommended for quads, long Yagis, or antennas with
horizontal wires lower than 0.2 wavelength, excellent
resulls with other types. Runs on any PC-compatible with
640k RAM, CGAJEGANGA/Hercules graphics. Specify
COpProcessor or Non-coprocessor type

Both programs support Epson-compalible dol-matrix, and
HP-compalible laser and ink jel printers

Prices - U.S. & Canada - EZNEC $89, ELNEC $49
postpaid, Other countries, add $3 VISA AND MASTER-
CARD ACCEPTED

Roy Lewallen, W7EL phone 503-646-2885
P.O. Box 6658 fax 503-671-9046
Beaverfon, OR 97007 emal wTel@teleport.com

It's alive and well
in the pages of
Do you feel that some of

the fun is missing from your
Hamming?

Do you feel there’s more to
Ham Radio than just talking?

written and edited for people just like you

special group of Hams like you

The choice is yours

Where has good old- fashioned H

If you answered YES to any of these questions, you should be reading
Communications Quarterly. It's the antidote to your Ham Radio blahs!

Communications Quarterly is the finest purely technical publication in Ham Radio —

Four times each year the Communications Quarterly staff assembles the best-of-
the-best in technical Amateur Radio communications literature in a skillfully-crafted
magazine of the highest quality. Each year, within the pages of Communications
Quarterly you'll find more than 350 pages of informative, well-written, beautifully
illustrated technical articles, all specifically aimed at the high tech interests of a

In Ham Radio technology, you either learn and lead, or you're left behind
Using your credit card?

Use our order hot line: 1-800-853-9797

or mail your order including check or money order to:
CQ Communications, 76 North Broadway
Hicksville, New York 11801

NEW & REVOLUTIONARY BALUNs and UNUNs

Dr., Jerry Sevick, W2FMI, researched, experimented and wound over 1000 Baluns and Ununs
transformers for use in Amateur Radio and used over 1 mile of wires over a 20 year period. The
results of his sensational work are these new powerful, 2 Kw to 10 Kw, 98% efficient, 1 Mhz to 50 Mhz
Baluns and Ununs. His work is also featured in over 20 articles, and 3 books,

B A L U N S
PART NO. PRICE

4:1-HBSO $49.95
1:1-HBHS0 _ $49.95
1.5:1-HB75 $69.95
2:1-HB100 $69.95
4:1-HBM200 $49.95
4:1-HB/U200 $69.95
4:1-HBHT 200 $69.95

Direct Connect Yagi Beam
1/2). Dipole or Yagi Beam
1/2), Dipole at 0.22). above Ground
1/2i Dipole at 0.224, 0.33) & Quad Loop
Folded Dipole, Log Periodic Beam
Off Conter Fed Antennas
10 Kw Antenna Tuners, GBRV

_Log Periodic Beam & Ladder Line
3001 Ribbon Folded Dipole
Off Center Fed Antannas
Twin Load
Rhombic & V-Beam Antanna

U N U N S

50(1:220) & 250 $49.95 9:1-HU50 5001:5.56(1

10042 & 1125026002 $49.95 1.78:1-HDUS0 5001:280) & 12.502 $49.95

75015002 $49.85 1.56:1-HDUS0 S0M:3200 & 1B $49.95

50621250 $49.95 1.78:1-HMMUS0 MULTIMATCH UNUN $69.95

500155602 $49.95 BEV-US0 Beveragae Ant. Unun $65.95
5042: 80042, 61242, 4504}

6:1-HB300
6:1-HBAUI300

8:1-HB450

12:1-HB600

PART NO.
2:1-HDUS0
2:1-HDU100
1.5:1-HU75
4:1-HCUS0
:1-HUS0

Try it at no risk whatsoever. Find out how these Baluns and Ununs can make your systems transmit
further, put more power to your antenna, and get you more signal strength,

Our Guarantee: No questions asked, 100% money back guarantee anytime within 120 days if our
Baluns and Ununs failed to perform exactly as promised or do not meet your expectations. If you do
not enjoy the increase in performance, clearer transmission, lower SWR and higher signal strength
within 120 days, we do not deserve to keep your money. You have every rights to send the products
back for a full, no-question, on-the-spot 100% refund anytime you decide, with no hard feelings
whatsoever. We will even reimburse you the return postage.

Call Toll Free Now: 1-800-898-1883 and ask for dept. B.

AMIDON, inc. 2508riggs Avenue, Costa Mesa, CA92626 @
Commirtted to Excellence Since 1963 TEL: “14] W . FM: "1‘} 850‘1 1“
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Shrink Tubing

K

#10 Lug

RG-58 (Radio Shack)

\c/—_l
L 10-7/8"

(from shield to short)
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Figure 2. Delay line construction detail.

PVC End Cap
Solder Lug

Aluminum Rod
End threaded for 10-32 Hardware

\Use Lockwasher

Figure 3. Element mounting detail.
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Figure 4. Feedline connection and choke detail.

OD stock and drill it for a standard TV-mount
U-bolt. This will prevent the PVC pipe from
crushing when it’s clamped onto the mast. The
two aluminum-element segments are made
from 3/16 x 48-inch rod stock threaded for #10-
24 on one end (collapsible whips may be sub-
stituted for portable use).

After installation, each aluminum rod is cut
to 38 inches from element tip to the top of the
PVC end cap. Prep delay lines as shown,
installing a #10 lug on one end and protective
shrink tubing on the other. Assemble an ele-
ment rod and delay line onto each PVC end
cap, tightening hardware securely. Carefully
drill a small drain hole in the cap that will go
on the lower leg of the antenna.

To begin final assembly, slip the antenna’s
center section into the horizontal support boom
and secure it in place with Genova Cement™.
Allow the assembly to dry and cure thoroughly
before continuing. Next, insert each delay-line
(as shown), making sure the prepared end is
accessible through the center-point access hole.
If all is okay, glue each end cap in piace and
allow to dry. To connect the feedline, carefully

pull each delay line center conductor through
its respective center holes using hemostats
(Figure 4), being sure to bend each conductor
over so it can’t pop back inside (this is tricky).
Next, insert the pigtail end of the RG-59 line
through the cable hole in the boom and solder
each lead to a delay line. Secure the cable in
place with PVC electrical tape, then wind the
RG-59 around the mast to form a coaxial
choke. Secure in place with pV-resistant elec-
trical tape and install mast-mounting hardware
at the opposite end. Finally, install a plastic
cover of some sort on the end of the support
boom to protect the feedpoint from the weather.

Mounting and testing

When mounting the antenna, provide a mini-
mum of 20 inches of separation above and
below each element tip. Connect a 50-ohm
feedline onto the 75-ohm line transformer using
a barrel connector, then waterproof the splice
with rubber tape or Coax Seal*™. Remember to
orient the antenna so its shadow falls in a non-
critical direction, This could be a quadrant
where no important activity takes place, or an
area where stations are all local and no gain
advantage is necessary for coverage. My PVC-
EDZ exhibited 1.1:1 VSWR at resonance and
covered the band with a VSWR of 1.5:1 or less.
If resonance falls outside the band, or if mini-
mum VSWR exceeds 1.2:1, check for dimen-
sional errors. Also, check continuity between
the feedline and elements.

Conclusion

The PVC-EDZ is based on a proven antenna
design and it performs well. I built it as a week-
end project to cure an RF[ problem at my com-
puter desk—a condition that rendered my C-
108 useless with its rubber-duck antenna. With
the PVC-EDZ mounted at 35 feet outside the
office, all computer interference disappeared,
and I can now access most repeaters in south-
ern New Hampshire with the Standard’s 250-
mW signal. Another plus is that out-of-band
reception of public service and air-band traffic
is outstanding.

If you’re looking for an inexpensive antenna
with a little extra boost in performance, why
not take $5 and head for the local hardware
store. The plumbing department may yield the
best deal in town. N
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we'RE MORE THANJUST SOFTWARE!
HOKA CODE=3+USA Version
“The Standard Against Which All Future Decoders Will Be Compared”
CALL N E M A I Many radio amateurs and SWLs are puzzied! Just what are all those strange signals
you can hear but not identify on the Short Wave Bands? A lew of them such as CW, s p——
RTTY, Packat and Amitor you'll know - but what about the many other signais?
ware are soma well known CW/RTTY Decoders but then there is CODE-3 It's up to you
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OR FAX YOUR REQUIREMENTS TO STANDARD CODE-3 DECODER ALSO AVAILABLE CODE 3 - GOLD VHF/SW DECODER
190049088 $595.00 + s & HOKA CODE-30 $425.00 . s &1
EMAIL:nemal@mcimail.com ; . DSP-based
Internet:http://www.nemal.com Mgﬁal ;;';.mﬁ&:g;’dﬂmm’ - *, Professional includes POCSAG & ACARS
: ! . L ge, \ Decoder Plus * Modes/Options
W F
Call for your copy of our new 48-page Cable & PACIORY CALL FOR PRICE with ALL EXTRA
Connector Selection Guide. More than 2,500 with ALL EXTRA OPTIONS $795.00 + S&H ﬂ ‘ MODES/OPTIONS $595.00 + S&H
commercial and QPL cable and conneclor ( INTERNET WEB ADDRESS - hitp:/www.scancat.com WEB E-MAIL - scancal@scancal.com )
products in stock. FREE DEMOS ON THE WEB (S& H$10 US, $15 Foreign)
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It's a different kind of ham magazine. Fun to read, interesting from cover to

cover, written so you can understand it. That's CQ. Read and enjoyed by over
90,000 people each month in 116 countries around the world.

It's more than just a magazine. It's an institution.

CQ also sponsors these fourteen world-famous award programs and contests: The CQ
World-Wide DX Phone and CW Contests, the CQ WAZ Award, the CQ World-Wide WPX
Phone and CW Contests, the CQ World-Wide VHF Contest, the CQ USA-CA Award,

the CQ WPX Award, the CQ World-Wide 160 Meter Phone and CW Contests, the CQ
World-Wide RTTY Contest, the CQ 5 Band WAZ Award, the CQ DX Award, and the highly
acclaimed CQ DX Hall of Fame Accept the challenge, Join the fun. Read CQ.

Also available in Spanish language edition. Write for rates and details.

SUBSCRIBE TODAY!

CQ The Radio Amateur's Journal
76 North Broadway, Hicksville, New York 11801
Phone: 1-516-681-2922

For Fastest Service FAX 516-681-2926

(305) 899-0900

USA VE/XE Foreign
1 Year [127.95 [140.95 [152.95
2 Years [149.95 []75.95 [199.95
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from N@BLE Publishing

SMITH CHART
TOOLSET

Get the only complete instructional
package for the most important
design tool in RF and microwaves!

utes $199
iyl THE
ThE Baamie CramT B D D K

$59

Electronic Applications of the
Smith Chart by Philip Smith

This is the original! The creator of the
Smith Chart explains how it works and
how to use it. Includes transmission line
fundamentals, matching and many
analysis and design techniques. Required
reading for RF/microwave designers!

1 ESMITH - THE
= DIsSK

$79

winSMITH software

from Eagleware Corp.

Easy-to-use winSMITH gives your com-
puter the power of the Smith Chart. Lets
you create and tune circuits, sweep fre-
quency and obtain precise results with
no need for a paper chart. (for IBM or
compatible with Windows 3.1 or 95)

THE
TAPE

$99
Introduction to the
Smith Chart
instructor: Glen Parker.
Learn the Smith Chart in 50 minutes!
This instructional video tell you about
plotting and analyzing transmission line
and lumped-element networks on the
chart, including advanced techniques
such as broadband matching.

Shipping charges; US - 88 Canada - $12 Int’l - $32

NE@BLE Publishing

2245 Dillard Street
Tucker, GA 30084
Tel: 770-908-2320 - Fax: 770-939-0157

VISA and MasterCard accepted

ﬂTU Down Conuerters
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508 Millstone Drive * Beavercreek, Ohio 45434-5840
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Call TOLL FREE

ORGANIZE AND
7 days, 24 hours

ety | OMMUNICATIONS
COPIES OF UARTERLY

Now there's an easy way to organize and keep copies of your favorite magazine
readily available for future reference

Designed exclusively for Communications Quarterly by Jesse Jones Industries,
these custom-made titled cases and binders provide the luxury look that makes
them attractive additions to your bookshelf, desk or any location in your home or
office

Whether you choose cases or binders, you'll have a storage system that's
durable and well organized to help protect your valuable copies from damage.

+ Cases and binders designed to hold - Free personalization foil for index-

a year's issues (may vary with ing year.
issue sizes). - Binders have special spring mecha-

« Constructed of reinforced board, nism to hold individual rods which
covered with durable maroon easily snap in. This allows maga-
leather-like material. zines to be fully opened for easy

+ Cases V-notched for easy access. readability.

* Title hot-stamped in gold.

Cases: 1-$8.95 3- $24.95 6-$45. 95
Binders: 1-$11.25 3-$31.85 6-$60.75

Add $1.50 per case/binder for postage & handling. Outside USA (including AK & HI)
(US funds)

1-800-825-6690

$3.50 per case/binder

PA Residents add 7% sales tax. Allow 4 lo 6 weeks delivery
CHARGE ORDERS: (Minimum $15): AMEX, VISA, MC, DC accepted. Send card name

Communications Quarterly

#, Exp. date

Jesse Jones Industries, Dept. 95 Com-Q, 499 East Erie Ave., Phil., PA 19134

VHF-UHF & Microwave Devices ———— 144 MHz to 2304 MHz

Are you into Moonbounce, ATV & Repeaters, Satellites, or trying
Io snag some new gnds on the VHF/UHF bands? RF devices from

R
1 inve LV, 16 s STRIDSBERG ENGINEERING will give you the performance you
Lara » :. ’ L N 4 Sy § . are i|H}PII’\|J for in passive and aclive components
" :
. IOoNnaAa =i L &,
‘ ik ) h Lt ) Our Power Dividers, Loop Yagis and Weak Signal Sources are

designed and bullt 1o commercial standards for long service life and
predictable performance. But, priced for the amateur radio markel. |
Models stocked for bands between 144 MHz through 2400 MHz

2
( lU!INlrﬂy Aoan

Iransverters, 50 to 2304 MHz models, Phase 3D Upconverters & Oven Controlled |
UHF LO Sources. Please contact us for data sheets, pricing and delivery informa-
tion. MasterCard and VISA accepted

Commercial frequencies avallable

‘ EB STRIDSBERG ENGINEERING, INC.

All products are designed and built in the USA

Phone: (318) 861 -0660 |

P.0O. Box 5040
_Fax: (318) 861-7068 |

~ Shreveport, LA 71135-5040, USA.




CAPMan"

Communications Analysis Prediction Manager

Optimize for any HF operation!
Skywave Analysis

Know the best times and bands

Evaluate station chanaes pefore making them

% The Ham tool proe use 1o find answer
% Secret Weapon - almost unfair advanta
% Customize * t

% Custom ants from MiniNE

© Utilize Flux or

% Create predict
% Select

% Exclusive *

% Extensive hypertext of
% Powerful “HF Skywave /
% Package $29

% CAPMap apping option, +§:
% Also svailable "Wizard" $29.95 +1

LUCAS Radio/Kangaroo Tabor Software
Rt. 2 Box 106, Farwell, TX 79325-9430
fax:806-225-4006 e-mail:kuSs@wtrt.net
http:/lweww.wirt.net/~kubs/

VISA - MASTERCARD - CHECK - MONEY ORDER

To Order
Back Issues

" OMMUNICATIONS
Bt ARTERLY

|| : i

When ordering back issues include the
ollowing information: Name, address. city.
slate & zip. Please make a list of the issues
you're requesting. When paying by credit
card send the number along with the expira
tion date. Check, Money Order, Mastercard,
VISA, Discover and AMEX accepted

Complete your collection today.

For Fastest Service
Fax: 1-516-681-2926

Phone: 1-516-681-2922

Communications Quarterly
76 North Broadway
Hicksville, NY 11801
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Lfr'i VARI-NOTCH® DUPLEXERS (5
s FOR 2 METERS

The TX RX Systems Inc. patented Vari-Notch filter
circuit, a pseudo-bandpass design, provides low

&

(

=
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loss, high TX to RX, and between-channel isolation,
excellent for amateur band applications. TX BRX DD

Systems Inc. has been manufacturing multicoupling
systems since 1976. Other models available for
220 and 440 MHz, UHF ATV and 1.2 GHz.

MODEL 28-37-02A (A

144-174 MHz

92 dB ISOLATION AT 0.6 MHz SEPARATION
400 WATT POWER RATING DD

19" RACK MOUNT

TX RX SYSTEMS INC.
8625 INDUSTRIAL PARKWAY, ANGOLA, NY 14006
TELEPHONE 716-549-4700 FAX 716-549-4772 (24 HRS
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PAT - \TS!

PATENT AND TRADEMARK APPLICATIONS
PATENT SEARCHES - LITIGATION
LEGAL ADVICE ON INVENTIONS AND IDEAS

1-800-333-IDEA

STEPHEN D. CARVER (K5PT)
SUITE 800 P.V.C.C.
2024 ARKANSAS VALLEY DR.

WWW.ARKPATENT.COM
FAX. (501) 224-8831

LITTLE ROCK, AR. 72212-4139
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‘ . " ' l ' r
INESTOCK!,
Also capacitors, transformers
and parts for tube type
equipment.

ELECTRONIC
Write or call for our

ANTIQUE

SUPPLY |
LIl 40 page catalog.

6221 S. Maple Ave, Tempe, AZ 85283
602-820-5411 FAX (602) 820-4643 or (800) 706-6789
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33 Simple
Weekend Projects
by Dave Ingram, K4TWJ

| Awide ranging collection of do-it-
yourself electronics projects from
the most basic to the fairly sophisti-

-""'"'- _, g cated, and even touching on the

frivolous. You'll find an interesting

and very do-able array of useful devices: station acces-
sories for VHF FMing, working OSCAR satellites, joining the fun
on HF, trying CW, building simple antennas, even a complete
working HF station you can build'for $100.

Add a measure of practical tips and techniques on how to build
electronic projects yourself, and you've got an information-packed
book that will keep the newcomer or the most experienced home-
brewer busy for many a pleasant weekend.

Order No. 33PROU.....ccooon. 51595

The NEW Shortwave
Propagation
Handbook
by W3ASK, N4XX & K6GKU
The most "
comprehensive
source of
information on
HF propagation
is available from
CQ! Read about
propagation
principles,
sunspots, ionospheric predictions,
with photography, charts and
tables galore—it's all in this
unigue reference volume!

Order No. SWP......... 319.95

Where Do We Go
Next?

by Martti Laine, OH2BH
Ever dream
about what it's
liketogoona
DXpedition?
Have you ever
imagined
thousands of
stations calling
only you?
Whether it's
from the wind-mills of Penguin
Island or the volcanoes of
Revillagigedo each chapter
conveys a unique story that you
won't be able to pul down

Order No. WGN...,..A.....$9.95

The Quad Antenna
by Bob Haviland, W4AMB
Second
Printing

You'll enjoy this
authoritative
book on the
design,
construction,
characteristics
and applications
of quad antennas.

Order No. QUAD.....3 15,95

The Vertical Antenna
Handbook

Il BEErIN Kam

by Paul Lee, VERTI(AL RNTENNS
N6PL S
Learn basic

theory and

practice of the
vertical antenna.
Discover easy-to-
build construction
projects for anyone!

Order No. VAH.............

The VHF b VHF
uHow_To" 9 Book
Book

by Joe Lynch,
N6CL

This book is
the perfect
operating guide
for the new and experienced
VHF enthusiast.

Order No. BVHF.....2 15,95

1997 Amateur Radio
Almanac
by Doug Grant,
K1DG

This volume IS
filled with over
600 pages of

McCoy on Antennas
by Lew McCoy, W1ICP

Lew McCoy

This Is truly

a unique
antenna book
that's a must
read for every

ham radio amateur

tacts. figures Unlike m]any :

and information technical publi-
cations, Lew

CQ's almanac is
a resource you'll refer to over and
over again. If it's ham radio, it's in
The Source!

Order No. BALM97 ... $ 19. 95

presents his invaluable antenna
information in a casual, non-intim

idating way for anyonel!
order No. Mccoy ...$ 15,95

W6SAI HF Antenna

Keys, Keys, Keys Handbook W
by Dave Ingram, K4TWJ by Bill Orr, k’{é{ Hum
You'll enjoy WESAI C .
nostalgia with Nearly 200 pages .
this visuat filled with dozens | ° '
celebration of v of in‘expensive,

O practical antenna | +¥ %
favorite accesso- ——

projects that
work! This invaluable resource
will' guide you through the
construction of wire, loop, yagi
and vertical antennas

ry. This book is
full of pictures
and historical
insight. If you've ever wondered

about the old days of Morse, this

book's for you Order No. HFANT ...... $ 19 95
95 . :

Order No. KEYS .......99. Building and Using

Baluns and Ununs
by Jerry Sevick, W2FMI
This volume is :

the source for

The Packet Radio
Operator’'s Manual
by Buck ;

Rogers, K4ABT the latest

CQ has information and
published designs on

an excellent transmission line
introduction and transformer

theory. Discover
new applications for dipoles, yagis
log periodics, beverages, antenna
tuners, and countless other

examples
Order No. BALUN . . .$ 19 95

guide to packet
operation. It's
the perfect single source,whether
you're an advanced user or just

starting oul
$15.95

Order No. PROM. .....

Ham Radio Horizons:
The Book
by Peter O'Dell, WB2D

Written by Peter O'Dell, WB2D, this is a book
about ham radio that every beginner can enjoy! If
you want to get in on the fun and excitement of
Amalteur Radio, Ham Radio Horizons is the
perfect way to get started. HRH is full of tips from
expert hams in: DXing, Contesting, Serving the
Public, Ham Radio in Space, Experimenting, Digital Communications
— you name it! This exciting book is an excellent gift to a prospective
ham or for use in your club's licensing classes and library

Order No. BHOR......M 58.95




These videos are filled with easy to understand
advice and tips that can't be found anywhere else.

Ham Radio Horizons: The Video..................Order No. VHOR
Getting Started in VHF ..........c......c.........Order No. VHF |
Getting Started in Ham Radio.........c.cccceveennenns Order No. VHR |
Getting Started in DXing... sernssnneneeneenns-OAdEr NO. VDX

Getting Started In Packet Fladlo veeeeOrder No. VPAC
Getting Started in Amateur Satellites ......Order No. VSAT
Getting Started in Contesting .... ....Order No. VCON

1997/98 Calendars

Fifteen month calendars
January '97 through March '98

A Must for Every Ham
This hat says that you're a part of the
world's greatest hobby! Poplin cap with
adjustable strap has 5 panels with fused
buckram backing, 1
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4" thick braid and a
visor with eight solid rows of stitching

Order No. : 97G (Green), 97B (Black)
~$12.00

Backpacks
Go Ahead! Load it up!

Load it up with all your ham
“stuff.” This useful and rugged
backpack will be your greatest
asset when carrying around

Heavyweight!

This oversized glass stein
holds a whopping 19 oz.

your ham accessories
Embroidered design, 2 front
pockets.

Order No.: 96N (Navy),
96G (Green), 96B (Black)

With CQ's logo etched into
the heavyweight glass, this
collectible will look great
forever!
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FEATURES

*Nearfield receiver, sweeps 30MHz-2GHz in <1

For Commercial and Mobile Radio testing, the

Optoe#ec"omcs Xplorer stands alone. Let second ( Cellular bands are blocked on all U.S

VErsions)
*Decodes CTCSS, DCS, and DTMF. Manually
record tones into memory

the Xplorer perform all your quick radio
checks, instantly determining the radio’s fre-

quency, CTCSS, DCS, DTMF, deviation or

*Lockout up to 1000 frequencies

: : ° ies | '

signal strenglh, The Xplorer aumma“ca“y Store 500 frequencies in memory with time & date
stamp, as well as number of hits per frequency

*NMEA-0183 GPS interface for recording Latitude

& Longitude coordinates (GPS Required)

locks on to any nearfield signal from 30MHz -
2GHz in less than a second.

*VFO mode for tuning to specific frequencies

*PC interface for downloading data from memory
*FM demodulation / Built-in speaker

There is no setup necessary-Whether you're *Auto or manual frequency hold

*Maximum nearfield reception / Up to 1/4 mile away

5899

Summer Special Includes:
Spectrum CD & CC30 Case

5.471.408 Xplorer includes: TA100S antenna, NiCads,

MHa.
SPECIFICATIONS el s Charger, PC Download cable and software

Freq. Range 30MHz - 2GHz

in the field or in the shop, the Xplorer is the
portable, compact and economical solution

for any two-way communications business.

Modulation FM Deviation
Freq. Response 50 - 3000Hz
Auto Sweep Time <1 second

Input 50 Ohm -59dBm @ 100MHz

[o 1o nbamsr o il o j

-25dBm @1GHz CTCSS Decode I DCS Decode DTMF Decode
Display 2 line LCD FACTORY DIRECT ORDER LINE: 80003275912
Power Internal NiCad m— = ~—~—— n——n- . .‘ 'O
Wl I i NIV I
2O, - 5821 NE l4th Avenue * Ft. Lauderdale, FL = 33334
Ch(’(’k out our Web Slte Telephone: 95477122050 Fax: 9547712052 EMail: sales@optoelectronics.com
WWW.OploeleCUUmCS.COH] Prices and specifications are subject to change without notice or obligation.

Payment terms are Visa. MasterCard or C.0.D. (Cash or MoneyOrder)
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October 2, 1996.

Bob Jensen had
a fire at his mobile

radio repair shop.

He had only a
few seconds to
— save things.

for the vote of

snfidence, Bob.

b

:‘.:"No offense, Fluffy, but the HP 8920A is irreplace-
able, too. Because the HP 8920A service moni-
tor provides the edge you need o survive in
today’s tough business environment. It offers
] matched accuracy (frequency to within .1 ppm). MIL-
yuggedization means it can withstand shock forces up to 30 g's,
aperatures from 0 to 50 "C, and humidity from 0 to 95%. With the
: egendary reliability of HP (20,000 hrs mean time between failures).
Most importantly, the 8920A service monitor offers superior
expandability: it can test everything from two-way radios to pagers
and cellular technologies. Which is important when you're building

a business. Or rebuilding one, as the case may be.

Call 1-800-452-4844 * Ext. 5308. Talk to Charlie or one of our
other experts about the HP 8920A and find out how you can get a

$2000 trade-in value for your old service monitor.

* In Canada call 1-SO0-SET 5L progren number TMLT0 17 Hewlett Packard Co. TMSKDTOTACQ
Fluffy was not harmed in the muaking of this ad. She's as rumbanctioons as ever, and engoying Bobes new location

(éﬂ HEWLETT"

PACKARD
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