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CHAPTER 7CHAPTER 7

Receiving Antennas
 

Tom, W8JI, is proach: He wants technically better hams. The introduc
my antenna guru, tion on his Web site says it so well: “The most important 
my technical thing any of us can do to make the Web an asset is to 
guru, and he’s a help each other with review to insure technical accuracy 
great friend to IMPROVES with time! Let’s work to make Internet a 
have. I have read reliable source of information instead of a collection of 
everything he’s folklore!! … Like you, I also learn new things every day. As 
published in his my knowledge improves, I revise technical articles. I’ll note 
Web pages or on revision dates on articles with changes, if the changes 
the Topband affect technical content.” 
Reflector at least No technical question is too difficult for Tom, not even 
a few times. Tom not only has the knowledge, he’s got godfathering the chapters on special receiving antennas 
the expertise and he uses it. He uses it to build the best and on phased arrays. I know Tom regretted he could only 
Topband station of the US South. His contesting and spend a hundred hours or more reviewing these chap-
DXing results are the proverbial proof of the pudding. But ters… It indeed is an honor for me to have him help me 
what I admire most about Tom is his missionary ap- with the Fourth Edition of this book. 

Some of the Questions I Will Try to 
Answer in This Chapter: 
•	 Why do we need separate receiving antennas? 
•	 What is noise? How to eliminate noise. 
•	 Are Beverages so superior? 
•	 Is a longer Beverage better? 
•	 How about vertical receiving arrays? 
•	 What’s the correct way of feeding special receiving anten

nas? 
•	 Can I do as well from my city lot as the big guns from their 

rural farm? 
•	 Are Flags, Pennants and K9AY loops an alternative to 

Beverages? 
•	 Why not receiving arrays with parasitic elements? 
•	 When will we have receiving arrays with “active” 

antennas? 

In an e-mail K9RJ wrote, “The challenge of 160-meter 
(Low Band) DXing is receiving. It should be no surprise that 
the highest DXCC totals on this band are achieved only by 
those who have the space for good receiving antennas, or who 
live in a location where much of the DX is close by. I’m not 
aware of any exceptions to this. Thus, the greatest need is for 
creative development of low-noise directional receiving an

tennas or techniques such as active noise canceling that can 
be used to improve receiving capability.” 

Not so long ago, any mention of “receiving antenna” 
usually invoked thoughts of “Beverage Antennas.” The evo
lution in all technical fields is staggering, and it includes 
receiving antennas. Not that something spectacularly new has 
been invented, but our ability to communicate worldwide at 
leisure has improved drastically thanks to the Internet. Tech
nical knowledge is spread more easily, and technical discus
sions have become accessible to nearly everyone interested. 

1. INTRODUCTION TO RECEIVING AN-
TENNAS 

This chapter no longer is a Beverage-only chapter. Un
like previous editions, it will not even start with Beverages. 
Readers have asked for more receiving antennas, so here they 
are! However, before we get into describing receiving anten
nas and antenna projects in detail, it is important to understand 
a few basics. 

1.1. Why Separate Receiving Antennas? 
Separate antennas are necessary because optimum 

receiving and transmitting have different requirements. For a 
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transmit antenna, we want maximum possible field strength in 
a given direction (or directions) at the most useful elevation 
(wave) angles. We cannot tolerate unnecessary power loss in 
a transmit antenna, because any amount of transmitting loss 
decreases signal-to-noise ratio at the distant receiver. Antenna 
efficiency is an important issue for transmitting. It is obvious 
that for a given elevation angle and direction the highest gain 
antenna will deliver the strongest signal to the target area. We 
really do not care if we are being heard in other directions 
(areas) or not, we are only interested in the target direction. 

Choosing a transmit antenna is a matter of properly 
positioned gain. Transmitting antennas require high directiv
ity to achieve high gain, not directivity just for the sake of 
eliminating transmitting signal in unwanted directions. Tom, 
W8JI, at www.w8ji.com/ adds to that: “Takeoff angle is not 
important, what we actually need is maximum possible gain 
at the desired angle and direction. After all, we don’t care 
where the peak is as long as the antenna we pick has more 
signal (gain) at the desired spot than other antenna choices!” 

A receiving antenna on the other hand has a different 
design priority. The goal is obtaining a signal that can be read 
comfortably, which means having the minimum possible 
amount of QRM and noise. The important issue when receiv
ing is signal-to-noise ratio (S/N). The receiving antenna 
providing the best performance can and will be different under 
different circumstances, even at the same or similar locations. 
There is no such thing as a universal “best low-band receiving 
antenna.” 

Why doesn’t the reciprocity law apply to signal-to-noise 
ratio as it applies to signal level? It’s easiest to explain this 
with an example: Consider a high-band Yagi with 7-dBd gain, 
including ground-reflection gain. This antenna will improve 
the transmitted signal by 7 dB over a dipole, provided both 
have peak gain oriented to the target area. Does a 3-element 
Yagi with the same efficiency as a dipole improve reception S/ 
N by the same amount as it improves transmission? 

The answer is simple: Probably not! S/N will improve 
much more than the 7-dBd gain when very strong noise 
sources are located in a pattern null. If the null is –25 dBd, 
S/N can increase as much as 32 dB (+7 dBd signal to –25 dBd 
noise). Of course, the improvement will normally be less than 
32 dB, since that is extreme. 

If the noise comes from exactly the same direction as the 
desired signal, the Yagi’s 7-dBd gain will not improve S/N at 
all. The Yagi will deliver equally increased signal and noise 
power, both being 7 dB stronger than the dipole. 

The Yagi also might have decreased efficiency. This is 
actually very common, because of losses caused by increased 
element current. In reality, a 7-dBd Yagi often has more than 
7-dBd directivity. If Yagi efficiency were only 50%, 7-dBd 
gain would require having 10-dB directivity increase. These 
are all reasons why gain does not determine receiving S/N 
improvement, and why the higher-gain antenna very often 
does not provide the best reception. 

There is one predictable effect of gain. Signal levels will 
be increased by the amount of gain, both in transmitting and 
receiving. (Keep in mind that signal level is not the same as 
signal-to-noise ratio.) Continuing the example above and 
assuming perfect lobe alignment with the path, the Yagi’s 
signal level will be 7 dB above the dipole in the target area. 
The distant receiver will always have 7-dB more S/N when the 

Yagi is used. This is true regardless of any S/N improvement 
we might or might not observe when receiving with the same 
Yagi. What counts for improving communications is the ratio 
of signal-to-noise on both receiving ends of the circuit. In 
practice this means there is no reciprocity “in readability”— 
reciprocity only applies to signal level. This is not “one-way” 
propagation, although it sometimes may cause people to think 
this is happening. 

1.2. Gain Versus Directivity 
Gain is a function of efficiency and directivity. High gain 

means an antenna has high directivity and reasonable efficiency. 
The increased field strength comes with a price. The extra energy 
found in the main lobe is energy that was removed from other 
directions (also see Chapter 5, Section 2.1.). 

The answer to improved receiving can be the same as 
transmitting. Installing a highly directive transmit antenna 
results in high-performance receiving, so long as the antenna 
is not aligned with or installed near noise sources. Unfortu
nately, the physical size and height of efficient antennas— 
especially on 160 and 80 meters—often makes high-gain 
transmitting antennas prohibitively expensive. 

Fortunately, high or even modest efficiency is not a 
direct requirement for directivity and receiving. This chapter 
will show it is possible to build relatively small receiving 
antennas that exhibit excellent directivity and greatly improve 
receiving, even though the antennas are useless for transmit
ting because of high losses and low gain. 

Directivity is not the same as gain. It is possible to 
construct very directive antennas that actually have negative 
gain but that provide phenomenal receiving improvements. It 
is worth repeating: We need directivity—not gain—for a good 
receiving system. 

The next question is: How much negative gain can we 
live with? The answer is fairly simple once an antenna is 
installed. If you can easily detect a background noise increase 
when a dummy load is removed and the antenna connected 
under the quietest operating conditions (usually winter day
time within a few hours of sunrise or sunset) with the narrow
est IF filter selected, gain is OK! As Tom, W8JI, puts it with 
regard to preamps and matching devices in particular: “Once 
you clearly hear external noise, amplifiers or impedance 
matching won’t help. Just be sure you can hear noise at the 
quietest time you expect to operate.” 

We learned in Chapter 3 (Section 1.2) that our present
day receivers have a large sensitivity margin when used with 
reasonably efficient antennas, especially considering the large 
amount of noise on the low bands (unless you live on a desert 
island or in the wilderness). Many receivers are sensitive 
enough to use with antennas having –10 to –20 dBi gain, 
depending on various factors. (See Section 1.2 in Chapter 3.) 
For the rest, we can always use a preamplifier to boost the 
signal to a more comfortable level. 

In very quiet locations, with 250-Hz selectivity, a mini
mum discernable signal sensitivity of −140 to −145 dBm 
might be required while using narrow-pattern, low-efficiency 
receiving antennas. In suburban locations, −125 to −135 dBm 
sensitivity is often adequate. (See also Chapter 3.) 

Very directional antennas and narrow selectivity reduce 
noise power, requiring less receiving system sensitivity to 
yield a satisfactory output S/N. Since noise power is propor
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tional to bandwidth, a 250-Hz filter requires 10-dB more 
receiver sensitivity compared to the same system using a 
2.5-kHz filter. Directivity has the same effect when noise is 
evenly distributed. A 3-dB increase in directivity for a given 
amount of antenna gain will provide 3-dB less noise power, 
and require a receiver sensitivity decrease of 3 dB. The key 
factor for the sensitivity required is if external noise from 
outside the antenna system clearly dominates the receiver 
noise at the narrowest selectivity being used. 

1.3. Noise 
We have covered the nature of noise and its intensity in 

different environments (urban, suburban, rural) in detail in 
Chapter 3, Section 1.2.4. What is noise? Noise is the sum of 
many signals, with most sources unintentional. We can distin
guish three sorts: 

•	 Noise generated by nature: noise from thunderstorms 
(static, QRN); precipitation static 

•	 Noise generated by man: mostly from arcs or rapidly 
switched sources, such as power lines, switching power 
supplies, digital systems, electronic voltage controls such 
as dimmers or motor speed controls, defective doorbell 
transformers, lighting systems, electric fences, thermo
stats and so on. 

•	 Noise generated by poorly designed, operated or main
tained transmitters: CW clicks, sideband splatter, noise
sidebands, spurious oscillations and other transmitter 
defects. 

When we consider how noise propagates or travels to our 
locations, we can distinguish: 

•	 Near-field noise generated in the antenna system, or 
coupled directly to the antenna though induction or elec
tric fields from nearby wiring. This near-field noise includes 
precipitation static, but is mostly man-made switching or 
sparking noise. 

•	 Fresnel region noise generated outside the induction field 
area but before the antenna pattern is completely formed. 
This noise includes man-made noises, such as those from 
arcing high-voltage wiring or strong local static discharges. 

•	 Noise propagated from the far field by groundwave or 
ionospheric propagation. This noise includes CW clicks, 
sideband splatter, noise-sidebands, lightning noise and 
other natural and man-made sources. It includes the sum of 
many hundreds of thousands of low-level noise sources, 
such as the accumulated noise from entire cities. 

We usually refer to the sum of all unidentifiable noises 
as band noise or even background noise. We generally clas
sify identifiable noise generated by intentional transmitters as 
QRM, although the end effects are largely the same as any 
other noise. 

In quiet rural locations (away from polar regions) lower
frequency band noise is evenly distributed at all wave angles 
and directions whenever darkness surrounds the receiving 
location. Noise is only lacking in directions where propaga
tion is very poor, or directions having a total lack of noise 
sources. We do not consider the sky as “quiet” on the lower 
bands, because the ionosphere reflects all types of very small 
noise sources from both nearby and distant sources. While the 
amount of noise from each source might be very small, the 
accumulated effect of innumerable noise sources is a smooth 

broadband hissing noise. 
In some locations, QRM consistently arrives from well

defined directions. If you live in Western Europe, almost all 
QRM (transmitter generated noise) arrives from the East. In 
the very Northeast coast of Canada, QRM generally arrives 
from the mainland USA to the southwest. In many locations, 
QRM comes from many (if not all) directions, with nearly 
random distribution. You may want a different antenna pat
tern when DXing on relatively clear bands compared to 
patterns used during crowded contests. 

1.4. Reducing Various Noise Types 
Noise has exactly the same characteristics, so far as an 

antenna is concerned, as signals from intentional transmitters. 
There is no way to sort “good signals” from “bad noise” except 
through directional characteristics or directivity of the receiv
ing antenna. 

External noises can be eliminated or reduced only by the 
principle of phase opposition: Receive the noise with at least 
two different antennas (elements) and add the signals received 
from the elements in such a way that the sum is zero (equal 
amplitude and 180° out-of-phase). We can do this using arrays 
(groups of antennas) or using a special configuration where 
one antenna is a (usually small) noise pick-up antenna and the 
second one is the “regular” receiving antenna. In this case a so
called noise-canceller (such as the MFJ-1025) will combine 
the two signals to cancel a given noise signal (see Section 1.5). 

Different types of noise are controlled through different 
methods. There are three primary sources of noise: 

•	 Noise from thunderstorms 
•	 Precipitation static 
•	 Man-made noise 

1.4.1. Noise From Thunderstorms 
If a very active thunderstorm is local (directly overhead), 

noise is the least of our worries. We really should disconnect 
lightning-sensitive or inadequately protected equipment 
(before the storm) and stay away from the radios! If the storm 
is somewhere in the distance (usually covering a wide azi
muth), an antenna with a very broad pattern null and extremely 
good front-to-storm-direction ratio will help (see Chapter 5, 
Section 2.10). 

1.4.2. Precipitation Static 
While often attributed to charged particles (such as water 

droplets) hitting an antenna, most precipitation static is actu
ally caused by intense electric field gradients in the area 
surrounding the antenna. Such conditions commonly appear 
during inclement weather, when movement of particles or 
moisture causes concentrated areas of charges. The strong 
electric fields are responsible for noise-producing corona 
discharges. The noise comes from low-current corona dis
charges from sharp or protruding objects. 

Sailors saw this effect on tall-masted ships, calling it St 
Elmo’s fire. This noise generally builds slowly from a sizzle 
to a high-pitched whine and disappears with nearby lightning 
flashes. Lightning “equalizes” the potential difference between 
earth and nearby clouds, reducing the charge gradient and 
corona. Since this noise is generated in or very near the 
antenna, directivity is of no help. 
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Using an antenna at a lower height reduces corona cur
rent—The electric-field gradient is smaller close to the wide 
smooth surface of the earth. This is especially true when the 
low antenna is surrounded by taller structures. Round, smooth 
and insulated conductors are helpful, because they reduce 
voltage gradient and resulting corona discharges. Vertical 
antennas are particularly sensitive to precipitation static; they 
have pointed ends protruding upwards towards the oppositely 
charged sky. The corona also comes from the very high
impedance antenna end, which aids in coupling power into the 
receive system. 

Beverages on the other hand, being near earth, will have 
fewer corona discharge problems. They also have low surge 
impedances. This means the low-current high-voltage arcs 
transfer very little noise power into the antenna. Beverages are 
thus quite resistant to precipitation static. 

Quads are more resistant than Yagis because quads have 
long flat sides with blunt lower- impedance high-current areas 
towards the sky. Yagis have protruding high-impedance 
pointed ends. Low-current arcs are not only more likely to 
happen in Yagis, they are also better impedance matched to 
the antenna! Quads have a reputation for being “quiet anten
nas,” but this only applies to corona. For all other noises quads 
are no better than any other antenna. 

1.4.3. Man-Made Noise 
Local man-made noise is received several ways. When 

the source is a modest distance (1 to 10 km) away, noise 
arrives by groundwave propagation. If noise comes from just 
outside or nearly outside the antenna’s Fresnel zone, it can be 
eliminated with pattern nulls. The Fresnel-zone area is where 
the pattern is not fully formed. The zone is related to array 
size. It can extend a few kilometers with a very large array, 
particularly one using broadside elements on low frequencies. 
If the noise source cannot be eliminated using a directive 
antenna, we often make use of so-called noise-cancellers to 
solve the problem. If the noise source is from a single source 
we can define a few solutions. 

1.4.3.1. Single-Point Radiation Far Source 
Local noise arriving from one clear radiation point, even 

if multiple sources, can easily be nulled. The antennas need 
not be similar, but deep nulls require two antennas that both 
“hear” the noise. The sense antenna should be placed closer to 
and directly in-line with the noise source. The spacing can be 
nearly any distance, but λ/4 or more is always best. There must 
be a stable RF phase relationship between the noise received 
in the main receive antenna and the noise-sense antenna. Since 
local noise is received by surface or ground wave, the phase, 
polarization, and amplitude are constant. This allows a stable 
deep null to be obtained, using equipment such as the MFJ
1025 noise canceller. 

1.4.3.2. Distributed Radiation Source 
Noise from a single source or multiple sources can be 

fully nulled if the distance to the radiation area is large 
compared to the length of the radiating area. This is true even 
if the noise follows power lines and radiates from multiple 
points or is from multiple sources. The sense antenna must 
clearly and strongly pick up the noise. The ideal case is where 
the sense antenna is very close to the source and the signal 

antenna is a much larger distance away. If however the noise 
source is right on your street and the radiating power lines are 
in front of your house, it is likely that all of this happens in the 
near field of both the receive and sense antennas, and in that 
case nulling will be impossible. 

In all cases the sense antenna should ideally hear only the 
noise and not the wanted signals, which means it must be fairly 
close to noise source. And the sense antenna should be fairly 
small. 

1.4.3.3. Nearby Man-Made Noise 
If the noise source is very close (in the near or induction 

field), it becomes difficult or impossible to eliminate noise 
through antennas arrays. In this case the problem must be 
tackled in a different way, either by eliminating the noise 
source or experimenting (trial and error) with various anten
nas. Using a portable receiver or a fox-hunting (DFing) re
ceiver for 160 or 80 meters, local sources can be easily found. 
If the noise cannot be killed, such a single source noise, even 
in the near field, can often be completely nulled out provided 
the sense antenna is installed near the noise source, and the 
main receiving antenna is located farther from the noise. It’s 
obvious, however, that the best solution in this case is to “kill” 
the noise source directly. 

1.4.3.4. Propagated Noise 
This noise generally sounds like a smooth hiss, even 

though it is coming from hundreds or thousands of raspy or 
harsh noise sources. Propagated noise is rarely, if ever, au
dible in urban areas on 160 meters, since it is masked by harsh 
local noises. Propagated noise is sometimes audible in quieter 
directions of suburban areas on 160 meters, but not in “noisy” 
groundwave directions or if a local dominant noise is present. 
Propagated noise is often responsible for the entire noise floor 
in remote rural areas. It is often possible to find the direction 
of strong band openings by looking for highest propagated 
noise, because the enhanced propagation can sum countless 
noise sources for many thousands of km! Unfortunately, as 
Tom, W8JI, says: “Propagated noise reduces the advantage 
of super-quiet locations during the night.” Hearing propa
gated noise is a good indicator of how quiet your location is 
and how good your receiving system is. For example, the 
winter season 160-meter daytime-to-nighttime noise level 
increase at W8JI has been measured at 15 dB. This is in the 
absence of thunderstorms within many thousands of miles. 

While local man-made noise can often be nulled, propa
gated noise is another story. Canceling propagated noise only 
works with antennas of identical polarization and similar 
patterns. The antennas must be close to each other, so they 
receive signals in a constant phase and amplitude relationship, 
with no space diversity. However, propagated noise con
stantly changes phase, polarization and amplitude. Different 
types of antennas in a canceling system respond differently, 
making canceling impossible or very unstable. For any relief 
from such propagated noise, it must arrive from a significantly 
different direction than the desired signal. 

1.4.3.5. QRM 
CW clicks, splatter, noise sidebands, etc is usually called 

QRM, but it is just another form of noise. We do not deal with 
QRM any different than the way we deal with other propa
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gated noises. If you are lucky, the QRM does not come from 
the same direction as the desired signal. If it does, there is very 
little you can do about such noise with your antennas. 

1.5. Suppressing, Canceling and Noise 
Canceling 

What is the principle of canceling and suppressing? It’s 
really fairly simple. First, we must receive the unwanted 
signal with two different antennas. The main antenna would 
receive as much desired signal as possible. Ideally, the second 
antenna would hear only noise, with very little desired signal. 
The noise outputs of the antennas would then be adjusted so 
they are exactly equal, and the results combined exactly out
of-phase (180°). Total canceling would occur when these two 
conditions are met. If the noise antenna hears very little 
desired signal, all noise from the main source would be 
removed, without any change in desired signal level. 

Noise cancellers are simple in theory. They allow adjust
ment of level, and rotation (or shift) of phase. When selecting 
a noise canceller, the following technical parameters are 
important: 

• Low amplitude change with phase adjustment 
• Wide amplitude range 
• Wide phase range 
• No loss 
•	 Immunity to overload (good dynamic range). 

Noise cancellers are most frequently used to cancel the 
noise from a single noise source. But, provided they are 
designed for it, they can also be used to feed elements of a 
receiving array, without the aim of canceling a specific noise 
source. (See Section 1.35.) 

Homebrewers should exercise caution in selecting a 
noise-canceling circuit design. Some designs are very poor, 
having circuits that do not actually rotate or shift phase. It is 
impossible to shift phase in a simple transformer system, since 
transformers only invert phase. We cannot mix only 180° out
of-phase signals to obtain phase variation. L/C circuits, R/C 
circuits, or delay lines must be used. 

The best noise-canceling circuits are bridge-type phas
ing systems. These circuits look much like a standard Wheat
stone bridge, except a relatively high value reactance is 
substituted for at least one resistance. If such a circuit drives 
a high-impedance load, considerable phase shift can occur 
with minimal amplitude change. 

1.6. Directive Receiving Arrays: How to 
Obtain a Null 

Let’s develop an antenna array that produces a null. In 
order to form a deep predictable null, we need two antennas 
with nearly identical patterns. Let’s assume we will use two 
vertical antennas. In terms of physical size, the most efficient 
two-element combination is an end-fire array—This is where 
maximum radiation occurs in-line with the elements. The 
ideal spacing ranges from λ/4 downwards. 

We must choose an optimum spacing between elements 
and select the phase delay where the signals are combined to 
null signals from unwanted directions. In other words, the 
outputs produced by these antennas are combined equally in 
amplitude and precisely 180° out-of-phase for signals arriving 
from unwanted directions. At the same time, we must be sure 
the null does not reduce the desired signal. 

Since the two antenna elements are not at exactly the 
same physical point, an incoming wave takes a small time to 
travel between each antenna. Put another way, the two antenna 
elements receive the same signal, with slightly different phase 
differences for different directions of arrival. The exact phase 
difference depends on the distance between elements and the 
angle at which the signal arrives (both in the horizontal as well 
as the vertical plane). The largest phase difference occurs 
when signals arrive in-line with the elements. 

Let us assume there are two vertical elements spaced 
λ/4 (90°). Refer to Fig 7-1. A signal coming from the right 
(in-line with the two antennas) at a low elevation angle will 
arrive at the second antenna (B) later than the first one (A). 
The phase difference will be 90° (since this is the physical 
separation). To completely cancel this signal you must com
bine the 90° shifted outputs (due to the physical separation) 
180° out-of-phase. You can do this by connecting impedance
matched feed lines to both antennas, making the feed line to 
antenna B 90° electrically longer than the line to antenna A. If 
you connect these two lines together using a method that 
produces equal currents in each antenna, the signals coming 
from the back towards A will cancel out. 

Signals from the front direction towards B add quite 
differently. As they arrive at A, they have a spatial delay of 90° 
at A. Since the feed line to B also delays phase 90°, the total 
phase shift is 0°. Signals from the direction of B are in phase 
and add together. 

While many people use 90°-shift with 90° phasing, it is 
not the optimum phase delay. What amateur operator wants 
maximum nulling at a 0° elevation angle? Few signals arrive 
at (nearly) a zero elevation angle, except ground-wave signals 
that are perfectly in-line with the array. 

We often need to place the null at higher angles, or move 
it slightly off the back. This not only increases usefulness of 
the null, it increases gain and directivity of the array. 

Let’s look at how to produce a null at a given wave angle, 
in this example 52.5°. Refer to Fig 7-2. Both antennas are still 
spaced spaced λ/4 apart. The rearward signal again arrives at 
antenna A before antenna B, but this time the difference will 
be shorter than 90°. A little trigonometry shows us that the 
spatial phase delay is now 90° × cosine (52.5°) = 55°. To 
create a null, we have to combine signals exactly out-of-phase, 
but the spatial delay is now 55°. The extra delay in the feed line 

Fig 7-1—A signal arriving off the back of the 2-element 
end-fire array hits element A earlier than element B. See 
text about how the directivity pattern shown is obtained. 
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Fig 7-2—Development of a null at a given elevation angle in a 2-element end-fire array. See text for details. 

Fig 7-3—The same trigonometry applies when looking at the null angles in the horizontal plane. See text for details. 

to element B becomes 180° − 55° = 125°. Signals from the 
front are now 125° − 55° = 70° out-of-phase. This actually 
does not decrease gain, because the transmitter power has to 
go someplace. What it does do is increase element currents, 
making the feed resistance of each element drop more than the 
case of 90° phasing. Each element actually changes reactance 
and resistance from mutual-coupling effects. The overall gain 
or directivity of this array actually increases slightly over the 
90° phasing case. We have a better receiving and transmitting 
antenna. 

In this λ/4 spacing example, we can obtain a null at any 
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wave angle by changing phase delay between 90° (λ/4 long for 
0° null angle) and 180° (λ/2 long for 90° null angle). This is 
very useful, and it also works for other element spacings if we 
use the proper phase delay ranges. (We must always be sure 
the feed and phasing system compensates for impedance 
changes.) 

Null elevation is not the only pattern change. The array 
phasing change also moves the null in the azimuth plane. In 
Fig 7-3 we can see the same geometry and trigonometry applies 
when examining the azimuth pattern at 0° elevation angle over a 
perfect ground. At a 0° wave angle, the 125° array phasing moves 
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full cancellation to two points 52.5° either side of an imaginary 
line drawn through the line through the two antennas. 

At different elevation angles, nulls are present in differ
ent directions. Fig 7-4 shows a three-dimensional view of the 
pattern. The null actually forms a deep cone surrounding the 
back lobe. This much wider null greatly increases the area of 
zero response. Removing the response over this large area 
decreases noise pick up and improves gain and directivity of 
this array. It also gives two deep nulls along the ground and 
pulls in the sides of the pattern, decreasing antenna response 
to ground-wave noise. 

The offset angle for maximum attenuation is identical in 
the horizontal and vertical plane. This is useful information. 
We can adjust an antenna for maximum attenuation at a 35° 
elevation by adjusting for maximum attenuation 35° offset 
from the back. It is not necessary to hire a helicopter! 

In the foregoing examples, elements were spaced λ/4 
(90°) apart. The same analysis can be used with other spac
ings, such as λ/8. 

Fig 7-4—A 3D radiation pattern of the 2-element end-fire 
array (plotted by Antenna Model). 

Table 7-1 shows phase delay for different null angles 
and element spacings (from 45° to 100°). Phase delay is given 
by φ = 180° –[ S × cos (Na) ] where S = spacing in degrees and 
Na = null angle in degrees. 

1.7. Where Do We Put the Null? 
We now understand how to move the null in an array, but 

haven’t discussed the best position for the null. Since circum
stances vary, there is no universal “best position.” We always 
want to position the null to remove the maximum amount of 
accumulated noise power compared to the response at the 
desired signal elevation and azimuth angles. There are three 
distinct cases to consider: 

•	 A location with desired signals arriving from a reasonably 
wide expanse of low noise, but with very high levels of 
noise covering a wide quadrant behind the array. An example 
of this would be a location in the suburbs of a high-noise 
city looking out over the very quiet ocean towards many 
DX contacts. Another case would be a noisy power distri
bution line going past a very quiet location. In this case the 
vast majority of noise (more than 15 dB higher than normal 
ambient in the forward direction) would always arrive from 
a well-defined relatively wide area, while desired signals 
arrive from a relatively low-noise wide forward area. 

•	 The second case would be a quiet rural or somewhat quiet 
suburban location, with noise randomly distributed in all 
directions. This would be the case for most suburban and 
rural amateur stations, where widely distributed rearward 
local noise or point-source noise is not a major issue. This 
situation also applies where noise averages over time to be 
about the same from all directions, and isn’t greatly stron
ger (greatly would be 15 dB or more) from any single area. 

•	 The final case is where a strong single-source noise pro
foundly dominates all other noise arriving at the site. This 
may be typical of amateurs living in an area where all noise 
comes from an electrical substation, or a somewhat distant 
group of arcs or noise sources concentrated in one narrow 
direction. 

In the first case, we should compare response in the 
rearward (or any other exceptionally noisy) area to the desired 
signal direction. The signal must be from a point in the 
relatively quiet front area of the antenna; the noise from a 

Table 7-1 
Required phasing angle φφφφφ as a function of spacing and notch angle 
Null Angle Element Spacing, Degrees 

23 35 45 50 60 70 80 90 100 110 120 130 140 150 160 170 180
 0 158 145 135 130 120 110 100 90 80 70 60 50 40 30 20 10 0
 5 158 145 135 130 120 110 100 90 80 70 60 50 41 31 21 11 1 

10 158 146 136 131 121 111 101 91 82 72 62 52 42 32 22 13 3 
15 158 146 137 132 122 112 103 93 83 74 64 54 45 35 25 16 6 
20 159 147 138 133 124 114 105 95 86 77 67 58 48 39 30 20 11 
25 160 148 139 135 126 117 107 98 89 80 71 62 53 44 35 26 17 
30 161 150 141 137 128 119 111 102 93 85 76 67 59 50 41 33 24 
35 162 151 143 139 131 123 114 106 98 90 82 74 65 57 49 41 33 
40 163 153 146 142 134 126 119 111 103 96 88 80 73 65 57 50 42 
45 164 155 148 145 138 131 123 116 109 102 95 88 81 74 67 60 53 
50 166 158 151 148 141 135 129 122 116 109 103 96 90 84 77 71 64 
55 167 160 154 151 146 140 134 128 123 117 111 105 100 94 88 82 77 
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noisy “problem” area. Good performance means we need a 
very broad null in the direction of the strong noise rather than 
the typical requirement of high directivity. We can identify 
this situation by changing antenna direction. If the noise 
shows about the same F/S and F/R as signals and is very 
clearly in one general direction (a F/R or F/S change on your 
“S” meter similar to that of regular signals), you should pay 
close attention to the Directivity Merit Figure (DMF), described 
below. 

In the second case, noise averages to be within several dB 
from every direction. We need low average gain compared to 
point-gain at the specific elevation angle and azimuth of the 
desired signal. This translates to the need for high directivity. 

In the final case, we are mostly concerned about main
taining a very deep null in one direction. Noise from one 
specific direction is hundreds of times stronger than normal 
band noise, ruining our DX. We need to totally remove it 
without removing the desired signal. 

1.8. The Directivity Merit Figure (DMF) 
In the Third Edition of this book, I ranked receiving 

antennas by calculating the average front-to-back, which was 
calculated at 120°, 140°, 160°, 180°, 200°, 220° and 240° 
azimuth and between 10° to 80° in elevation. This gives 7 × 8 
= 56 gain figures, which were then compared to the maximum 
forward gain of the antenna. 

Keeping the same basic approach, I elaborated on the 
idea and now calculate the average gain in the entire back 
azimuth half of the antenna, from 90° to 270°, and over the 
entire elevation range from 2.5° to 87.5°. Doing all of this at 
5° increments means we consider 37 × 18 = 666 gain values. 
The average rearward gain now is the average of 666 values 
(watch out, you cannot average dB figures directly and have 
to compensate for area). We can now define a figure of merit 
for the directivity (front response to back half-hemisphere) as 
being the difference between the forward gain at an optimum 
wave angle (for example, 20°) and the average rearward gain. 

For the 2-element array we developed above (with 90°) 
spacing, this Directivity Merit Figure is 11.6 dB. The directiv
ity merit figure (DMF) is the peak front lobe (at a specified 
elevation angle) gain versus the average back half-hemisphere 
gain. 

This method of evaluating a receive antenna applies to a 
case where a dominant noise arrives from a relatively wide 
half-hemisphere. If the noise is evenly distributed in all 
directions (eg, in a very quiet location), the RDF ranking 
system discussed below should be used. 

Let’s examine DMF further. What is the DMF (at 20°) of 
a vertical antenna? By definition the vertical is an omni
directional antenna. Does that means the DMF is 0 dB? No, its 
peak lobe (in all horizontal directions) is at an elevation angle 
of approximately 25° to 30°, but the antenna has good rejec
tion at high elevation angles in all horizontal directions 
(Fig 7-5). The DMF of a single vertical (12 meters long at 
1.83 MHz) is 3.8 dB (calculated for a 20° wave angle). 

A word of caution: The non-professional versions of 
EZNEC and other software programs calculate patterns at an 
“infinite” distance from the antenna. If your software does not 
allow you to set a pattern distance, it almost certainly will not 
accurately evaluate groundwave signals. This means that 
anything less than perfect-ground causes vertically polarized, 

Fig 7-5—A 3D radiation pattern of a single vertical 
(plotted by Antenna Model). 

zero-degree responses to incorrectly appear as zero. If 
groundwave or directly propagated noise exceeds skywave 
noise levels, vertically polarized antennas (including Bever
ages) may thus appear significantly better than they actually 
are for locally noisy locations. Despite that, these models 
work quite well at any location where skywave exceeds 
groundwave noise level. 

What does a 11.6-dB DMF mean for our 2-element end
fire array and what does the 3.8 dB DMF mean for our single 
vertical? It tells us the 2-element array will deliver 7.8 dB 
better S/N ratio, provided the dominant noise is skywave in 
the rearward area and provided that the desired signal arrives 
in the center of the forward lobe peak (at a 20° elevation 
angle). The test for this condition is simple. If you see a similar 
change in noise level to the change in signal level when the 
array is reversed, you should be using DMF to evaluate 
antennas. You should set the rear measurement window to the 
direction of strong noise. 

If you have a strong single-point noise and if that noise 
arrives in a deep notch in your receiving antenna pattern, the 
S/N improvement may be much greater than expected. If noise 
arrives predominantly from a higher antenna response area, 
the S/N improvement will be proportionally less. Another 
important thing to consider: Signals almost never arrive from 
a single angle or direction. A range of angles is involved, and 
a single-angle evaluation does not fully represent the real 
world. (If it did, signals would not have nearly as much QSB!) 

Many noise sources vary in direction, arrival angle and 
polarization tilt. The same is true for desired signals. Because 
of this, we really only are considering “average” results over 
time. Averages are not foolproof under every condition. There 
is a fable or story about a person who decided it was safe to 
wade across a river, because the depth averaged only 4 feet. 
Well, he never made it to the other bank. 

How can we calculate the DMF of an antenna? First we 
model the antenna under generic reference conditions: The 
ground quality assumed is “average ground” (see Table 5-2 in 
Chapter 5), which means σ = 5.0 mS/m conductivity and a 
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relative dielectric constant ε = 13. Using a modeling program, 
you calculate the far-field gain (at an infinite distance) between 
90° and 270° azimuths, in 5° increments and between 2.5° and 
87.5° elevation angles, also in 5° increments. These data are 
saved in a text file. Using a small dedicated software program 
I calculate the average of all these gain values. You cannot 
average dB figures directly, but must transform them into 
power ratios first. Next you have to compensate for area, since 
the physical length of 1° of azimuth near the zenith is very 
short compared to the length of 1° at 0° elevation. The length 
changes according the cosine rule. Finally, you must average 
these values and convert back to dB. This is the Average Back 
Half-Hemisphere gain. Next compute the difference between 
the forward gain at a 20° elevation angle and the Average Back 
Half-Hemisphere gain. The result is the DMF. 

If we do this calculation for our end-fire array using 90° 
spacing and 12-meter long elements at 1.83 MHz with 105° 

Fig 7-6—At A, azimuth patterns and at B, elevation 
patterns for 2-element end-fire array with λλλλλ/4 spacing 
and various phase angles. Solid line: φφφφφ = 90°°°°°; dashed 
line: φφφφφ = 105°°°°°; dotted line: φφφφφ = 120°°°°°; dashed-dotted line: 
φφφφφ = 135°°°°°. See Figs 7-2 and 7-3. 

phasing, the DMF = 13.8 dB. Remember the concept of DMF 
assumes that the majority of the noise comes from the rear of 
the antenna and the forward lobe area is very quiet. 

Fig 7-6 shows the radiation patterns for a 2-element end
fire array with λ/4 spacing and various phase angles. Note that 
the highest DMF is obtained for fairly high phasing angles. 
These phasing angles result in a good rejection at high eleva
tion angles, although significant lobes at low angles are 
formed. On the average, though, higher phase angles achieve 
a better F/B, and thus a higher DMF. For higher phasing angles 
the forward lobe also gets narrower. Hence the Receiving 
Directivity Factor (RDF, discussed next) also becomes better 
for such angles. 

1.9. The W8JI Receiving Directivity 
Factor (RDF) 

W8JI has developed a similar measure to quantify 
receiving properties of antennas. While the Directivity Merit 
Factor (DMF) compares forward gain at the desired wave 
angle to the average gain in the rear half hemisphere, Tom’s 
Receiving Directivity Factor (RDF) compares forward gain at 
a desired direction and elevation angle to average gain over 
the entire sphere. RDF includes all areas around and above the 
antenna, considering noise to be evenly distributed and aligned 
with the element polarization. Losses are factored out, and we 
find the directivity of the array. If noise, on average, is evenly 
distributed in all directions (including forward and side lobe 
areas) this method provides an accurate picture of receiving 
ability. (Keep in mind most antenna modeling programs used 
by amateurs calculate pattern at infinite distances and ignore 
groundwave response. RDF models, like DMF models, are not 
reliable when groundwave noise dominates skywave noise.) 

For everything but an omnidirectional antenna, the RDF 
will be different from the DMF. You have to decide if your 
location has dominant skywave noise in the rearward area 
(DMF), or if skywave noise is evenly distributed on average 
(RDF). Do not compare RDF with DMF. 

Calculating the RDF is very simple. First, you carefully 
model the antenna with a Windows version of EZNEC by 
plotting the 3D pattern. The main EZNEC window shows 
average gain at the very bottom. You normally use this 
average-gain figure (with all lossy antenna elements set to 
zero loss and in free-space or over perfect ground) so that you 
can isolate actual ground and element losses from possible 
deficiencies in the model itself. You must fix any model 
deficiencies before proceeding. Once you’ve determined that 
the model itself is OK, you can resume using lossy elements 
and real ground to calculate the average gain figure. 

Now, you go to a two-dimensional elevation or azimuth 
pattern and select the desired elevation angle and/or azimuth 
of the desired signal with the gain cursor and note the gain. 
The difference between the overall average gain and gain at 
the desired direction and elevation angle is the RDF. The front 
lobe does not have to align with the desired signal. You can 
move the cursor around and look at the RDF for off-path 
signals. 

For our 2-element end-fire array (with 90° spacing of 
12-meter long elements at 1.83 MHz) with 105° phasing, 
RDF = 8.2 dB. See Fig 7-6. The RDF of a single vertical is 
4.8 dB. If noise or interference is somewhat evenly distrib
uted, the end-fire array will show 8.4 − 4.8 = 3.65 dB signal-
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to-noise ratio improvement over a single vertical (this is at 
20° elevation in the main lobe peak). 

Throughout this chapter we will assess the quality of the 
antennas by calculating both the DMF as well as the RDF, in 
addition to the −3-dB (half-power) beamwidth. Also remem
ber a few dB of improvement in S/N, while meaningless on 
strong signals, can make a profound difference in readability 
of signals near the noise level. 

1.10. RDF or DMF? 
Both evaluation systems have their merit. If you’re in a 

location that’s always very quiet, with no specific noise or 
QRM sources from a particular direction, then RDF is most 
meaningful. The exception would be if you always had grossly 
dominant noise (or QRM) only from one direction. The domi
nant noise would have to be so strong as to exceed distributed 
background noise by the null-depth ratio between an antenna 
selected by RDF compared to a F/R selection for a F/R 
selection to be valid, and would have to do so with some 
consistency. 

For example, assume noise from a rearward quadrant 
was 20 dB higher than average noise from all other directions. 
Once the array had greater than 20 dB F/R ratio you could 
simply quit worrying about looking at F/R averages. Once the 
spot noise is down in the average noise, any additional depth 
is meaningless. At that point RDF takes over. 

Another very important thing is when we work DX at 
local sunset or sunrise, the rearward area is looking into a zone 
of poor propagation. W8JI wrote “At my very quiet QTH I see 
a 5-10 dB noise drop to the east at sunrise, and a 10-15 dB 
drop to the west near my sunset. This is because distant noise 
does not propagate in through the daylight areas. In this case, 
F/R is virtually meaningless and probably is “over consid
ered” even in RDF. Another thing is when we look into an 
area of good propagation, noise is enhanced from that direc
tion also. The same mechanisms that enhance noise propaga
tion enhance signals, so we had better consider beamwidth 
(which RDF does). 

RDF does not work well for local noise, but then nothing 
else will either. That’s because EZNEC and other programs 
do patterns at “infinite” distance and do not show true 
response along the earth. They have no groundwave. If your 
modeling program does not have an input for distance, you 
can be sure it ignores groundwave. As such, there isn’t an 
accurate model or method for those of us limited by local 
noise sources. RDF is exceptionally good for comparing 
similar antennas, such as a single Beverage to phased Bever
ages. 

I think there are very few skywave noise cases where 
anything but RDF applies. Even while it is far from perfect, 
it is the best overall method. If you have a case like those of 
us in the SE USA do, where a certain land mass has frequent 
thunderstorms (Florida and S Georgia), then it might pay to 
always be sure to have a deep null over that area. Even so, 
I would never pick the antenna exclusively based on the ratio 
of average gain in the null area to gain in the desired 
direction. 

At my QTH, antennas that have a poor 15 dB F/B hear 
just as well or better than antenna with huge 40 dB F/B ratios 
when the forward BW of the modest F/B arrays is narrower. 
The exception is summertime, when thunderstorms are off the 
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rear. The worse thing you can do, over time, is go for extreme 
F/R at the expense of Half Power Beamwidth.” 

If you are in a less-ideal situation, it seems to me that you 
first have to take care of the noise/QRM that is predominant 
from one direction. At my QTH that is the East/South-East. A 
good F/B (good DMF) is essential. Once that has been taken 
care of, further noise reduction can only be achieved by 
narrowing the forward lobe beamwidth, provided you have 
the room to do it, because broadside arrays that narrow the 
forward lobe require a great deal of space! In a nutshell: have 
a look at both the DMF and the RDF figures, and understand 
what they mean. 

1.11. Broadside Arrays 
In end-fire arrays, we considered the case of two ele

ments fed with different phasing. In a broadside array, 
radiation occurs in a direction perpendicular to the line 
through the elements. What happens if we feed the elements 
in-phase and vary the spacing? Since both antennas are fed 
in phase, maximum radiation is perpendicular to a line 
bisecting the elements regardless of spacing. Areas in-line 
with the elements are the “side” of the array. Fig 11-2 in 
Chapter 11 shows patterns at a 0° elevation angle. 

At zero spacing, there would be no spatial phase delay. 
Signals arriving from the sides would be in-phase at both 
elements. As spacing is increased, a point is reached where 
elements are separated λ/2. Signals arriving at 0° 
(groundwave) from the sides will be delayed λ/2 in space, 
exciting each element 180° out-of-phase. Since the feed 
system has no element-to-element phase shift, zero-degree 
elevation angle signals arrive at the common point out-of
phase and completely cancel. 

As you increase the distance between elements, the bi
directional lobe becomes progressively narrower, and the 
same time the vertical elevation angle at which the null 
occurs off the side, is lifted off the ground, which is what we 
really want. However, beyond λ/2 spurious lobes begin to 
appear. These spurious lobes increase in strength as spacing 
is increased, and may cause problems if they fall in noisy 
directions. It is obvious that with wider spacing, more direc
tivity is obtained through narrowing of lobes. If noise arrives 
in roughly similar amounts from all directions, narrower 
lobes (more directivity) will translate into higher S/N ratios 
and higher RDF numbers. 

1.11.1. Two-Element Broadside Arrays 
Fig 7-7 shows the bi-directional radiation pattern for 

various spacings on 160 meters. At first glance you might 
think that 90- or 110-meter spacings give better overall direc
tivity than 110 or 120 meters, but this is not so. The RDF peaks 
for approximately 110-meter spacing (0.67 λ), as shown in 
Table 7-2. 

1.11.2. Four-Element Broadside Array 
In a broadside array with more than two elements the 

current should taper away from the center. In a 4-element 
broadside array the outer elements should be fed with half the 
current of the center elements for best directivity. The pattern 
shown in Fig 7-8 is for a 160-meter array with four elements 
spaced 110 meters apart. The −3-dB beamwidth is only 25° 
and the RDF is 12.4 dB. 
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Table 7-2 
Spacing 90 m 100 m 110 m 120 m 
–3-dB Angle 58° 52° 47° 43° 
RDF 8.6 dB 9.1 dB 9.7 dB 9.4 dB 

Fig 7-7—Azimuth patterns for various spacings on 160 
meters at 20°°°°° elevation for 2-element broadside vertical 
array (two verticals fed in phase). Spacings for solid line 
= 90 meters; dashed line = 100 meters; dotted line: 110 
meters; dashed-dotted line = 120 meters. 

1.12. End-Fire/Broadside Combination 
End-fire arrays can provide a single-direction pattern, 

and you can move null angles by changing the phase delay. The 
forward lobe of such short end-fire arrays is rather wide 
(Fig 7-6). A 2-element broadside array on the other hand is bi
directional, but can have a narrow lobe. Combining these two 
systems can produce huge benefits, and is the most space 
efficient way to obtain very high directivity. See Fig 7-8. The 
feed systems for these arrays are described later in Sec
tion 1.17. 

If broadside and end-fire elements are used together, the 
properties combine to produce an array that has a good front
to-back ratio and a narrow forward lobe. Half-wave broadside 

Fig 7-9—Azimuth and 3D radiation pattern for combi
nation end-fire/broadside array, containing two (side

Fig 7-8—Very narrow azimuth pattern for broadside array by-side) end-fire cells separated 198° (0.55 λλλλλ). 
consisting of four verticals fed in phase. (Plotting by EZNEC and Antenna Model.) 
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spacing gives the best side-rejection at a 0° elevation angle but 
far from optimum directivity. 

Noise-rejection is a three-dimensional problem. Wider 
spacing moves the nulls up off the ground and makes them 
more useful for distant QRM and noise. Wider spacing pro
vides twice as many deep groundwave nulls and a noticeably 
narrower main lobe. 

The elevation angle of the null center is given by: α = arc 
cos (λ/2 / Spacing). If we space the two “cells” a little wider 
than λ/2 we move the null up and form a cone reaching the 
ground, similar to the cone formed in end-fire arrays with 
larger phase lags. The same mechanism explained for end-fire 
arrays in Figs 7-2 and 7-3 applies to nulls in a broadside 
arrangement. Fig 7-9 illustrates that spacings slightly larger 
than λ/2 cause small sidelobes to form. 

A spacing of λ/2 is optimum only when the dominant 
noise is groundwave, the source being at least a few “broadside 
spacings” away (that is, it must be outside the Fresnel zone) 
from the antenna, and directly off the side at exactly 90°. If the 
null is moved to higher elevation angles, patterns will change 
from the two right-angle nulls to four nulls. A 25° to 30° side
null elevation is a good target angle if noise comes somewhat 
evenly from all directions. This is the angle that produces 
maximum directivity. 

The plots in Fig 7-9 were generated using two end-fire 
groups (each 90° spacing, 105° phasing). These end-fire cells 
were then placed side-by-side with a separation of 198° (0.55 λ), 
placing additional side-nulls above the horizon and creating 
extra ground-level nulls. The side-null offset is arc cosine 
(180/198) = 25°. 

DMF for this end-fire/broad-side array (with λ/4 spaced 
end-fire cells and 105° phasing, and 110-meter broadside 
spacing) is 19.1 dB, and the RDF is 12.7 dB; the −3-dB 
beamwidth is 46°. This is close to the optimum that can be 
achieved for a receiving pattern with four elements. End-fire/ 
broadside combinations are used as building blocks for large 
multi-direction arrays (see Sections 1.29 and 1.30), or they can 
be expanded into super-directive receiving arrays. It was a 
large super-directive array of loop antennas that allowed W8JI 
to be the first station east of the western USA to work Japan in 
the presence of multiple extremely high-power pulse LORAN 
transmitters in the early 1970s. Pulse transmitters at 50 dB 
over S9 were taken to S2 with a custom blanker and a super
directive array. 

1.13. Broadside Array Consisting of 
Four 2-Element End-Fire Cells 

If you have lots of room (like 330 meters = 1000 feet) for 
broadside spacing, four end-fire cells will yield a razor-sharp 
pattern with a −3-dB beamwidth of approx 25°. The design 
parameters for the array whose pattern is shown in Fig 7-10 
are: 

•••••	 Spacing: 110 meters 
•••••	 End fire cells: 1/4 λ spacing, 105° phase delay 
•••••	 Current taper: 0.5, 1, 1, 0.5 (the outer element are fed 

with half the current of the inner elements). 

The performance is nothing short of phenomenal, with 
a −3-dB beamwidth of 24.5°, RDF = 15.7 dB and DMF = 
27.1 dB. More practical design of such arrays is covered in 
Section 1.23. See also Section 1.33 (parasitic receiving arrays), 
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Fig 7-10—Azimuth pattern (at 20° elevation angle) for a 
broadside array consisting of four 2-element end-fire 
array cells. See text for details. 

where a similar array was designed around four cells, where 
each cell consists of a 2-element parasitic array (driven ele
ment and reflector). 

1.13.1. The −−−−−3-dB Forward Beamwidth 
A narrow forward beamwidth is great, provided you 

know exactly where signals are coming from (remember the 
crooked or skewed paths from Chapter 1). You will need more 
receiving arrays if each array has a very narrow beamwidth. 

We probably should try to define narrow. A 2-element 
end-fire array has a −3-dB beamwidth of somewhere between 
110° and 180°, depending on spacing and phasing angle. 
Three or four such arrays will work over the entire 360° 
azimuth without serious holes in coverage. 

The end-fire/broadside combination just described has 
a −3-dB beamwidth of less than 60° (similar to a 3-element 
Yagi antenna). It would take eight arrays to cover the entire 
azimuth without significant pattern holes. The −3-dB 
beamwidth is actually a serious limit when you are looking 
at signals close to the noise floor, because even one or two dB 
can make or break a contact. 

Each person has to decide how much work they want to 
make very weak signal contacts. When you hear a station 
consistently working weak DX you cannot hear, he is either 
in a much better location (such as the edge of the ocean) or 
has taken the time to build very directional antennas and a 
wide enough variety of them to cover every possible condi
tion and direction. 

There are two essential characteristics of a receiving 
antenna: the RDF (DMF if strong noise is in one defined 
area) and the −3-dB beamwidth. Gain is meaningless so long 
as external noise is several dB stronger than the receiving 
system’s internal noise at the quietest time of operation 
using the narrowest selectivity. 
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1.14. Modeling Limitations and 
Tolerances 

Models really are shortcuts, where everything is assumed to 
be simple and perfect. Sources are ideal in current, power and 
phase. The ground in the model is both flat and homogeneous, 
and there are no unwanted feed-line currents. The model often 
has no transmission lines, with no SWR and phase-shift errors 
that would plague real-world systems. Models work with num
bers that are 32 digits long, or longer if we choose! 

Real-world antennas are often very different from mod
els. In the real world everything is subject to tolerances. We 
should always keep this in mind as we examine antennas. If 
you model 2-element end-fire arrays with spacings closer than 
1/4 λ, you can obtain slightly better patterns. Spacings of 1/8 λ 
are often used for end-fire arrays, even in transmitting appli
cations. (See Fig 7-11) 

Note that the DMP peaks for φ ≈ 155°, while RDF is still 
higher at a 165° delay. This is mainly due to the further 
narrowing of the forward lobe, which overcompensates the 
worse F/R. Fig 7-12 shows similar data for the λ/16-spaced 

Fig 7-11—At A, azimuth patterns and at B, elevation 
patterns for two 2-element end-fire array with λλλλλ/8 spacing 
and various phase angles. Solid line: φφφφφ = 135°°°°°; dashed line: 
φφφφφ = 145°°°°°; dotted line: φφφφφ = 155°°°°°; dashed-dotted line: φφφφφ = 165°°°°°. 

Fig 7-12—At A, azimuth patterns and at B, elevation 
patterns for 2-element end-fire array with λλλλλ/16 spacing and 
various phase angles. Solid line: φφφφφ = 159°°°°°; dashed line: φφφφφ = 
162°°°°°; dotted line: φφφφφ = 165°°°°°; dashed-dotted line: φφφφφ = 168°°°°°. 

Table 7-3 
λ/4 spacing, φ=120° 
Ele 1, I (A) 1.0 1.0 1.0 1.0 1.0 
Ele 2, I (A) 0.6 0.8 1.0 1.2 1.4 
RDF (dB) 8.4 8.8 8.9 8.8 8.7 
DMF (dB) 12.7 15.0 15.8 15.2 14.1 

λ/8 spacing, φ=155° 
Ele 1, I (A) 1.0 1.0 1.0 1.0 1.0 
Ele 2, I (A) 0.6 0.8 1.0 1.2 1.4 
RDF (dB) 8.3 9.7 9.8 9.7 9.0 
DMF (dB) 14.9 16.9 17.8 17.0 12.8 

λ/16 spacing, φ=162° 
Ele 1, I (A) 1.0 1.0 1.0 1.0 1.0 
Ele 2, I (A) 0.8 0.9 1 1.1 1.2 
RDF (dB) 8.7 9.3 9.5 9.3 8.9 
DMF (dB) 12.2 15.1 16.7 15.2 13.0 
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end-fire array. The same remarks apply. Let’s look at the 
impact of variations in feed-point phase and feed current 
amplitude. 

If the phase delay is not exactly what we intend in a 
model, the only influence is a change in the position nulls. 
Figures 7-6, 7-11 and 7-12 show us that this is not a large 
problem, except for arrays with extremely close spacing or 
arrays requiring precise null locations. 

But what if the current magnitude in both elements is not 
identical? Let us do a sensitivity analysis. Let’s maintain feed 
current amplitude at 1 A in the first element, while we vary 
current between 0.6 A and 1.4 A in the second element. We will 
do this exercise on a λ/4 spaced end-fire array, a λ/8 spaced 
array and on a λ/16 spaced array. All calculations were done 
with 12-meter long elements over average ground on 1.83 MHz. 
The results are given in Table 7-3. 

Note that the DMF is a much better indicator of what 
happens in the back quadrisphere. This is logical because RDF 
includes average gain (signal and noise pick-up) over the entire 
hemisphere, while DMF considers unwanted signals and noise 
arriving only from the rear quadrisphere. These are two very 
different cases. If you live where noise arrives from all direc
tions with somewhat similar signal levels over time, use RDF. 
If noise comes largely from the rear of the antenna, use DMF 
for comparisons (see Section 1.10). 

With normal somewhat-even noise (within several dB) 
from most or all directions, S/N will not change a great deal with 
slight errors in element currents. There is a clear rule for 
considering F/R. If the ratio of arriving rearward noise to 
arriving forward noise approaches or exceeds the DMF, you will 
need to improve DMF to improve S/N ratio. If reversing the 
antenna produces a very clear noise increase of more than 10 or 
20 dB, DMF should be the governing factor in array choice. If 
signals change a great deal but noise does not, use RDF and 
forget about extreme F/R ratios. F/R will not help a great deal. 

Quarter-wave spaced arrays, even in situations where 
rearward noise is very high, can easily tolerate up to ±40% 
deviation from the nominal feed current without showing 
much S/N deterioration. The acceptable feed current amplitude 
tolerance for a spacing of 1/8 λ (145° phase) is ±20% where 
rearward noise is a problem. 

What if you space the elements even closer? Data for the 
λ/16 spaced array (φ=162°) in Fig 7-12 shows the range of feed 
current magnitudes providing good directivity is much nar
rower. You now have only have half the room for error. If you 
want to keep the DMF high (for concentrated rearward noise), 
you should keep the feed current tolerance to ±10%. 

Close-spaced arrays are much less forgiving of errors 
than wider-spaced arrays. We can make an end-fire array quite 
small, and if properly designed and constructed, it will still 
perform well. There is no way, however, to reduce in size the 
width of the end-fire/broadside combination array described in 
Section 1.11. The large broadside spacing is required to reduce 
beamwidth and improve S/N. This is true for broadside arrays 
of all types, including Beverages. 

1.15. Conclusions 
1. In arrays requiring deep nulls, control of feed-current mag

nitude can be more important than control of phase angle. 
2. Close-spaced arrays require accurate current and phase 

control 
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1.16. The Choice of Receiving Array 
Elements 

It’s very easy to look at pattern changes caused by 
current and phase variation in receiving arrays. We simply 
model the array in a program’s wire table, enter the correct 
element phase and current ratios in a source menu and insert 
proper loads. If we experiment with the phase and ratio of 
currents, we can observe changes in pattern as the elements 
depart from optimum phase and current ratios. 

If our feed lines were terminated in resistors having an 
impedance equal to the line’s characteristic impedance, we 
could indeed adjust the line length to change element phase. In 
this ideal situation, where feed-line SWR is a perfect 1:1 ratio, 
phase shift is the same as electrical line length in degrees. 
Once we have a mismatch—that is, we have standing waves— 
the line no longer has a phase shift equal to line length, unless 
that line is an exact multiple of 90°. The higher the SWR 
becomes, the greater the phase error. Line lengths that are odd
multiples of λ/8 provide the worse SWR-related phase errors. 
Phase errors in each section of line will add, causing longer 
lines to have more accumulated error. Longer lines also 
become more frequency sensitive. A 3λ/4 line has more 
frequency/phase error than a λ/4 line. 

Elements showing constant impedance over wide fre
quency ranges are very desirable, especially if mutual-cou
pling effects can be eliminated. Resistors have these qualities. 
They have a very wide SWR bandwidth and show no effects 
from mutual coupling at spacings of more than a few resistor 
lengths! Unfortunately, there isn’t much useful EM radiation 
or reception associated with small resistors. 

There is a solution to the lack of EM radiation and 
reception of a resistor—A resistor does not need to be the 
entire antenna. We can make the resistor a large part of the 
antenna, including just enough antenna area to receive useful 
amounts of signal. Broadband phasing systems are easily 
implemented in systems where feed-point impedance is stabi
lized through intentional loss mechanisms. If we make the 
losses large enough to swamp out or dilute mutual coupling and 
resonance effects, antenna feed-point impedance remains stable 
and predictable, even with close-spaced, very short elements. 

1.16.1. Naturally Lossy Elements 
You can use an antenna that has low radiation resistance 

and high loss resistance. A Beverage is just such a natural 
antenna. It has a radiation resistance of a few ohms and a loss 
resistance in the hundreds of ohms. The large antenna-loss 
resistance caused by the nearby lossy earth below the antenna 
dilutes or swamps mutual coupling out, since the radiation 
resistance is a tiny fraction of the feed-point resistance. The 
bulk of feed-point resistance is due to losses. In addition, the 
termination resistor adds more loss and stabilizes impedance 
over wide frequency ranges (see Section 2.16). Non-resonant 
loops also meet these requirements (see Section 3). 

1.16.2. Resistance-Swamped Elements 
Short vertical elements have a very small radiation resis

tance, yet they are very sensitive. They are vertically polarized 
and the earth below the antenna does not try to cancel radia
tion. If you load a short vertical with significant resistance and 
then cancel the antenna’s reactance, you can build an antenna 
with a wide SWR bandwidth. In addition, the high loss of the 
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loading resistor swamps out mutual coupling effects. Element 
Q is almost totally defined by the ratio of loading reactance to 
loading resistance. With 200 Ω of reactance and 73 Ω of 
resistance, element Q is 200/73 = 2.7, more than enough to 
cover the widest amateur band (and then some). Higher resis
tance reduces Q and increases array bandwidth, but it also 
decreases sensitivity. Lower values of lumped reactance re
duce Q. Top-loading with a large capacitance hat increases 
radiation resistance and sensitivity, and also reduces reac
tance and Q. The combination of a top-loading hat and 75-Ω 
feed system results in very wide bandwidth and a very stable 
array. The 160-meter arrays at W8JI are actually useable well 
into the AM BC band and far above 160 meters. 

1.16.3. Active Antenna Elements 
A third solution is to use active antennas as non-resonant 

elements. Each element consists of a fairly short vertical 
element (perhaps 3 meters high), with a semiconductor (FET) 
source-follower circuit. The source follower presents con
stant impedance to the feed line, isolating reactive compo
nents from the element. Of course the circuit needs to fulfill 
another number of criteria: It must withstand high RF level 
without damage from your own transmitting antennas, and it 
must not have intermodulation or harmonic distortion of 
signals while receiving. It also must withstand electrostatic 
fields and lighting discharges. 

W8JI used active elements in the 1980s, when Tom lived 
near Cleveland, Ohio. Those elements used very expensive 
1.5-dB NF 28-V FETs operating at 400 mA quiescent current, 
not something the casual experimenter would have available. 

Beverages are easy to set up in arrays (broadside and 
end-fire; see Section 2.16). Use of short elements with resis
tor loading and inductors to cancel reactance is the current 
practice in vertical receiving arrays. Active antennas have 
not been widely described in literature or other publications, 

probably because of the technical or cost difficulties. W8JI 
is developing less-expensive active elements for such ar
rays. Hopefully the cost problems of earlier elements will be 
solved with a different approach. 

1.17. Feeding the Elements of an Array 
We need to combine array elements with carefully con

trolled amplitude and phase, but how do we achieve this? 
Transmission lines are ideal for moving radio frequency 
energy from antenna or array to the receiver, but at the same 
time they can act as delay lines. When improperly terminated, 
transmission lines become impedance transformers (see Chap
ter 5). A transmission line can be a very flexible and easy to 
adjust phasing line if we are careful to follow good engineer
ing practices. 

So far we have not said much about impedances. I have 
modeled arrays (on 160 meters) using generic elements, each 
12-meters long and 40 mm in diameter. Let’s have a look at 
the 4-element array (end-fire/broadside) with end-fire cells 
spaced at λ/4 and end-fire cell phasing at 105°. 

Looking at Table 7-4 we see an almost constant imagi
nary part, at −663 Ω. The real part (the radiation resistance) is 
very low, and varies quite a bit from –0.16 to +3.17 Ω. While 
the Rrad of a single vertical is 2.0 Ω, mutual coupling between 
the various verticals causes the wide variation in feed-point 
resistance, even negative resistances, once elements are com
bined in an array. (See Chapter 11 for a fully detailed expla
nation.) 

The solution recently popularized by W8JI is matching 
the short element impedance to the feed line (preferably 75 Ω) 
by inserting a resistor and inductor in series with the feed. 
Reactance is cancelled by the loading inductor’s reactance. 
The resistor is selected so total loss resistance, including 
ground loss and loading inductor ESR (equivalent series 
resistance), is approximately 72 Ω. Adding enough loss resis-

Table 7-4 
Source Impedance for Various Vertical Arrays 

Ele 1 Ele 2 Ele 3 Ele 4 

Single Vertical 2.0 − j 663 Ω 
2-Ele End-Fire array, λ/4 Spacing, 105° 0.67 − j 664 Ω 3.05 − j 662 Ω 
4-Ele End-Fire/Broadside, 90 m Spacing −0.16 − j 664 Ω 3.17 − j 663 Ω −0.16 − j 664 Ω 3.17 − j 663 Ω 

Table 7-5 
Resistor-Swamped Feed Impedance 

Ele 1 Ele 2 Ele 3 Ele 4 

Single Vertical 74.0 + j 0.5 Ω 
2-Ele End-Fire Array, λ/4 Spacing, 105° 72.67 − j 0.5 Ω 75.05 − j 1.5 Ω 
4-Ele End-Fire/Broadside, 90-m Broadside Spacing 71.84 − j 0.5 Ω 75.17 + j 0.5 Ω 71.84 − j 0.5 Ω 75.17 + j 0.5 Ω 

Table 7-6 
SWR Values 

Ele 1 Ele 2 Ele 3 Ele 4 

Single vertical 1.02 

2-ele end-fire array, λ/4 spacing, 105° 1.03 1.02 
4-ele end-fire/broadside, 90-m lateral spacing 1.04 1.01 1.04 1.01 
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tance in series with an inductor of + j 663.5 to equal 72 + you tolerate? There are a large number of variables involved: 
j 663.5 Ω feed-point impedance are shown in Table 7-5. The You already know that feed-current magnitude is more 
resulting 75-Ω SWR is shown in Table 7-6. important than the phase angle, since a slight shift in phase 

The 75-Ω feed lines are terminated in very little radiation angle merely moves the nulls around in the back of the 
resistance, but high loss resistances. The large loss resistance antenna, while incorrect magnitude will make it impossible 
swamps out mutual-coupling effects, stabilizing feed imped- to obtain full cancellation—at whatever wave angle. 
ances, regardless of element phasing and spacing (within Doing a complete sensitivity analysis involving all 
reason). parameters is quite complex and beyond the scope of this 

With all feed lines operating at very low SWR it becomes book. However, to give you an idea, an SWR of 1.1:1 on the 
very easy to design phasing systems. When the lines are phasing lines can introduce phase-angle errors ranging from 
matched, feed-line phase delay equals feed-line electrical 0° to 6°, depending on the line length. Note that lines that are 
length, for any length of feed line. Additionally, current and 90° long will always give a 90° phase shift between input 
voltage along any length of line are equal, except for attenu- voltage and output current, whatever the SWR. 
ation through normal feed-line loss. See Chapter 11. The same 1.1:1 SWR can cause voltage magnitude errors 

of up to 8%, again depending on line length. Phase error
1.18. Sensitivity Analysis	 actually peaks in lines 3λ/8 long, or other odd λ/8 multiple. 

Section 1.17 examined current magnitude and phase Phase error is minimum in lines that are any multiple of 90°. 
errors and how they affect directivity. We estimated the The amount of deviation we can tolerate for current phase 
tolerable magnitude of phase and current error in simple end- angle and current magnitude will greatly depend on the size of 
fire arrays. The next step is learning how to achieve our goals. the array and the end use of the array. Wide-spaced arrays are 
Section 1.17 also described methods of making element im- much more tolerant than smaller spaced arrays. 
pedance more constant, and how to maintain very low feed- Without going into further details, it is safe to state that 
line SWR despite mutual coupling effects in end-fire arrays. you should try to design the array so that the SWR at the band 

Section 1.16 clarified the important fact that phase delay edges is as low as possible, preferably less than 1.2:1. If SWR 
equals feed-line length only if the line is flat (SWR = 1:1 or is high, it is also advisable to use element feed lines in 
Zload = Z0) or a critical length (multiples of 1/4 λ). We know electrical multiples of 90°. With spacings of less than λ/8 
current magnitude is the most critical parameter for null depth, between elements, this issue becomes quite important. 
while phase controls null placement In practice there are several things we can do to minimize 

Let’s have a look at what happens in a feed line. Using the phase and amplitude errors: 
“VOLTAGE, CURRENT, AND IMPEDANCE ALONG • Make as large an array as possible, without compromising
LINE” module of the Low Band Software, we can calculate directivity. If you want to build a receiving 4-square and
important parameters along the line in step sizes we desire. you have room for a λ/8 spaced or larger array, do not build

Table 7-7 shows some relevant data for a RG-6-type a λ/16-sided array!
cable used on 1.83 MHz, and terminated in 75 − j 8 Ω. • Make sure you have a stable ground system that does not 
•	 Column 1: Line length, in degrees 	 change with weather and season. Long and short-term 
•	 Column 2: Current magnitude along the line, A impedance and loss stability with climatic changes is very 
•	 Column 3: Current angle along the line, in degrees important. 
•	 Column 4: Voltage magnitude 

along the line, V 
•	 Column 5: Voltage angle along Table 7-7 

the line, in degrees Voltage and Current Along a RG-6 Feed Line Terminated in 75 – j 8 ΩΩΩΩΩ
• Column 6: Normalized voltage Line Current Current Voltage Voltage Normalized 

angle, in degrees Length Magnitude Angle Magnitude Angle Voltage Angle 
The table tells us that we will 0° 1.0 0.0° 75.4 −6.1° 0.0° 

have to put a voltage of 80.7 V mag- 10° 1.0 9.8° 74.2 4.0° 10.1° 
nitude in the line (logical, because 20° 1.0 19.3° 73.1 14.4° 20.5° 
we have attenuation). It also says 30° 1.1 28.5° 72.2 25.2° 31.3° 
that in order to have I = 1 A∠0° at the 40° 1.1 37.6° 71.8 36.2° 42.3°

 50° 1.1 46.6° 71.9 47.3° 53.4° end of the line, the voltage we need 60° 1.1 55.7° 72.4 58.4° 64.5° 
to enter in this 130°-long line will be 70° 1.1 64.8° 73.4 69.2° 75.3° 
80.7/−127.6°. Along the 130°-long 80° 1.0 74.3° 74.7 79.2° 85.3° 
line the voltage will phase shift over 90° 1.0 84.0° 76.2 89.9° 96.0° 
133.7°. 100° 1.0 94.1° 77.7 99.7° 105.8° 

In our antenna feed systems we 110° 1.0 104.5° 79.0 109.2° 115.3° 
cut our feed lines as if line length is 120° 1.0 115.3° 80.1 118.5° 124.6° 
equal to phase shift, and that assumes 130° 1.0 126.3° 80.7 127.6° 133.7° 
SWR is 1:1. In Table 7-7 you now	 140° 1.0 137.3° 80.9 136.6° 142.7° 

150° 1.0 148.3° 80.6 145.7° 151.8° see that both the phase and the mag
160° 1.0 159.1° 80.0 154.9° 161.0° 

nitude of the feed current will be 170° 1.0 169.6° 79.0 164.4° 170.5° 
slightly off from what it should be 180° 1.0 179.8° 77.9 174.1° 180.2° 
in the ideal case. How much can 
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Table 7-8 
λ/4 Spacing, 12-meter Long Elements, F = 1.83 MHz 
Spacing 90° 105° 120° 135° 150° 165° 
Gain, dBi −11.0 −11.1 −11.3 −11.8 −12.4 −13.2 

λ//8 Spacing, 12-meter Long Elements, F = 1.83 MHz 
Spacing 135° 145° 155° 165° 175° 
Gain −14.1 −14.9 −15.9 −17.2 −18.8 

λ//16 Spacing, 12-meter Long Elements, F = 1.83 MHz 
Spacing 159° 162° 165° 168 
Gain −19.7 −20.3 −21.0 −21.7 

•	 Carefully measure and adjust SWR of the elements. Makes 
sure the SWR at the band edges is low enough. Shoot for 
1.2:1 SWR maximum at band edges, and use proper line 
length planning if SWR is higher. 

•	 Measure feed current and feed angle at each element. This 
can be done quite easily as explained in Section 1.25. 

•	 Checking element feed impedance regularly is a must. If it 
is not stable over time, you will have to add radials (and/or 
increase the lumped constant resistor value). 

1.19. What About Gain? (Signal Output) 
I intentionally have not given a single gain figure so far, 

since I have insisted that gain (array output) is not an impor
tant issue for receiving antennas. That is also why I left the dBi 
figures out of all plots. Let us now analyze gain figures for 
arrays using 12-meter long loaded elements. See Table 7-8. 

As we will see later, the output of the λ/4 wave spaced 
array is similar to the output of a reasonably long Beverage 
antenna. Under normal circumstances, with feed-line losses of 
less than a few dB, you should not need a preamplifier, unless 
you are in a very quiet location and use narrow selectivity. 
With λ/8 spacing, a little amplification (see Section 6, cover
ing preamplifiers) would be necessary, while λ/16 spacing 
requires at least 10 dB additional gain. 

1.20. Feeding the End-Fire Array 
(Cross-Fire Feeding) 

1.20.1. At 1.81 MHz 

•	 Spacing = 20 meters = 43.5°, required φ = 180° − 43.5° = 
136.5° 

•	 We install the 136.5° long phasing line in the feed line to 
element B (leading current element) 

•	 Delay to element A: L1° 
•	 Inversion to element B: 180° − (180° − φ°) + L1° = L1° + φ 
•	 Element B has the leading feed current, as required. (In 

practice the 180° inversion can be on either element, a 
useful tool for building multiple element arrays.) 

1.20.2. At 3.5 MHz 

•	 Spacing = 20 meters = 84°, required φ = 180° − 84° = 96° 
(for 0° elevation angle) 

•	 The same phasing line is now: φ = 180° – (43.9° × 
3.5/1.81) = 84° long. 

•	 The phasing angle is 180° − 84° = 96° (180° from the 
inversion and 84° from the phasing line.) 

We can do the same analysis looking at what happens 
with signals coming from the front of the antenna. We will 
see that for all frequencies below λ/2 element spacing, 
signals from the front will never be out of phase! (W8JI has 
a detailed explanation at www.w8ji.com/crossfire_ 
phasing.htm.) 

Using the same phasing-line length, the feed system 
maintains correct phase delay on both 160 and 80 meters. In 
actuality, phasing is correct from just above dc to the fre
quency where element spacing greatly exceeds 90°. This is 
a very unique phasing system. 

The use of the phase-inversion transformer, and the fact 
that we put the delay line in the back element instead of the 
front element, results in subtraction of phase, causing the 
phase delay system to fully track with changes in frequency. 

The phase-inversion transformer is identical to a regu
lar 1:1 transformer, where input and output are “cross
connected.” See Fig 7-13. W8JI recommends 73-material 
binocular cores for the job. He winds them with six passes 
(3 turns, 3 times through both holes) of #24 to #26 twisted
pair enameled wire, using Fair-Rite Products 2873000202 
cores (about 1/2 inch square and 1/4 inch thick 73 material). 
Others have also successfully used type 75 and type 43 
material cores (FT114-75 or -43 toroids) for the same appli
cation. 

At the feed coax in Fig 7-13 (To Rx) the impedance is 
now 37.5 Ω. For a perfect match to our feed line we should 
provide a small wideband-matching transformer. We can 
use the same Fair-Rite 2873000202 core. For a match from 
37.5 to 75 Ω we use a primary of 3 turns (6 passes) primary 
and 4 turns (8 passes) secondary. 

Fig 7-13—Two ways of feeding the 2-element end-fire 
array: the system on the left is good for one frequency, 
while the system on the right can be used with the same 
length of phasing cable over a very wide range of 
frequencies (easily two bands). 
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Fig 7-14—Phase
inversion transformer. 

1.21. The Vertical Elements in Our Re
ceiving Arrays 

The issue is to make elements that have a very low Q over 
the entire band. Low Q means low SWR at band edges. Why 
do we want this? Because we use the feed lines to the elements 
as phasing lines, and to ensure proper phasing the line SWR 
must be very low, since only a 1:1 SWR means line length in 
degrees = phasing in degrees. Two parameters influence the 
variation of the impedance in an array as a function of fre
quency: 

•	 The Q of the element itself 
•	 The amount of mutual coupling in the array—Large arrays 

with wide element spacing have much less mutual cou
pling than small, narrow-spaced arrays. 

This means we can live with higher-Q elements in a 
wide-spaced array as compared to a narrow-spaced array. This 
constitutes the limiting factor in small arrays: Low-Q ele
ments have very low output. As we make our arrays smaller 
the output will drop, at the same time with bandwidth. Maybe 
most important of all is that small arrays are very critical to 
build and to adjust. 

Let’s examine a few types of short elements that can be 
used to build 80- and 160-meter vertical receiving arrays. 

1.21.1. W8JI-Style Element (Umbrella Loading) 
One of the nice things of this element is that you can 

easily build it to be resonant on 80 meters. This makes it a very 
attractive element for a 2-band array, since you will not need 
to load to resonance on 80. See Fig 7-15. If you want to model 
or build the element, first tune the element for 80 meters 

Fig 7-15—W8JI-style element with slanted top-loading 
wires. This element is resonant on 80 meters. 
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(3.65 MHz). Modeling was done with a 30-mm OD vertical 
tube and 2-mm loading wires. Exact length will depend of the 
diameter of the vertical tube and the size of the sloping wires. 

The properties of the element on 160 meters are given in 
Table 7-9. The third column shows the impedance for the 
element loaded with 73.8 Ω in series with a coil of XL = 277 Ω 
on 1.83 MHz. Note that when modeling an element with a 
loading coil on various frequencies, if you specify the loading 
element(s) as Laplace Transforms in NEC-2, the impedance of 
the coils is tracked on various frequencies. Gain on 1.83 MHz 
over average ground is −16.7 dBi. 

We should not forget that all of this is modeling. In real 
life we have tolerances and extra unknowns and unstable 
parameters involved. 

After having checked the behaviour of the W8JI-style 
top loaded element by itself, we will see how it behaves in an 
array. I modeled the element in a 2-element end-fire arry with 
20-meter spacing in Fig 7-16, using 105° phase shift on 80 
and 140° phase shift on 160 meters. The results are listed in 
Table 7-10. The SWR levels at the band edges are very 
acceptable. On 80 meters we can tolerate a little more SWR, 
with a little deviation from ideal phase shift, as I explained and 
calculated in Section 1.14. 

Fig 7-16—Two W8JI-style elements are also evaluated in 
an end-fire array (see text for details). 

Table 7-9 
W8JI-Loading (Umbrella) 
Freq (MHz) Zant Zant-Loaded SWR 
1.81 1.2 − j 282 Ω 75 − j 7.8 Ω 1.11 
1.83 1.2 − j 277 Ω 75 Ω 1.00 
1.85 1.2 − j 272 Ω 75 + j 8 Ω 1.11 
1.87 1.2 − j 267 Ω 75 + j 15.7 Ω 1.23 

Table 7-10 
W8JI-Loading (Umbrella) in a 2-Ele End-Fire Array 
Freq (MHz)  Element Ω SWR 
1.81 Ele 1 73.0 − j 7.9 1.12 

Ele 2 76.86 − j 6.6 1.09 
1.83 Ele 1 73.0 − j 0.5 1.03 

Ele 2 76.8 + j 0.7 1.03 
1.85 Ele 1 73.1 + j 6.7 1.10 

Ele 2 76.8 + j 8.0 1.11 
1.87 Ele 1 73.1 + j 13.9 1.21 

Ele 2 76.86 + j 15.2 1.22 
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1.21.2. The K8BHZ Element 
K8BHZ developed another form of top-loaded element 

for his HEX-array in Section 1.29. He uses just two flat-top 
top-capacity wires that run from one element to the next one 
in the circle containing the six elements. See Fig 7-17. The 
length of the top-hat wires is obviously half the spacing 
between the elements. As the wires are not 100% in-line (120° 
instead of 180°), horizontal radiation from these wires is not 
fully cancelled, but it is down just over 30 dB, which is 
acceptable. 

The Rrad on 160 is a little higher than for the W8JI
element. As a consequence the output is a little higher 
(−14.9 dBi) on 160 meters. Logically, the bandwidth in the 
test configuration array (2-element end-fire) on 160 is a little 
bit less than with the W8JI element, as shown in Table 7-11. 

1.21.3. Base-Loaded Elements 
In some environments (in my front garden, for example) 

it is impossible to use top capacity and guy wires. I’m lucky 
enough to be able to put up four self-supporting verticals, 
using slender tapering 11-meter long elements, which are 
mounted on bases set in concrete. See Figs 7-18 and 7-19. 

The results in Table 7-12 show that an array with these 
unloaded elements will have a slightly narrower bandwidth on 
160 meters than an array made with W8JI-style elements. 
Gain is −14.7 dBi. 

Fig 7-17— 
K8BHZ-style 
element for the 
Stone-HEX 
array. 

Table 7-11 
K8BHZ Elements in End-Fire Array 
Freq (MHz) Zant Zant + 73.5 Ω SWR 
1.81 1.6 − j 448 75.0 − j 11.3 1.16 
1.83 1.6 − j 442 75.0 1.00 
1.85 1.7 − j 436 75.1 + j 11.1 1.16 
1.87 1.7 − j 430 75.2 + j 22.1 1.34 

Table 7-12 
Base-Loaded Elements in End-Fire Array 
Freq (MHz) Zant Ω Zant + 75 Ω SWR 
1.81 1.7 − j 700 75.0 − j 9 1.19 
1.83 1.8 − j 691 75.0 + j 0 1.00 
1.85 1.8 − j 682 75 + j 9 1.19 
1.87 1.8 − j 674 75 + j 17 1.25 

Fig 7-18—Concrete base for the self-supporting 11-meter 
long elements used by the author. The concrete base 
goes down about 0.75 meters. 

Fig 7-19—Roger, ON6WU, working on one of the 
11-meter long self-supporting elements of the array 
at ON4UN’s QTH. 

1.21.4. Mechanical Construction of ON4UN 
11-meter Long Elements 

The bottom 6 meters of the 11-meter elements are made 
of steel pipe measuring 60.3-mm OD with a 3-mm wall 
thickness. Above that is a tapering element similar to a half 
element of a 20-meter Yagi (tapering from 35 mm OD to 
20 mm OD). Fig 7-20 shows the transition from a large
diameter tube to a much smaller one. Doughnut-like adapters 
are used, made of short lengths of aluminum tubing. Two 
stainless-steel bolts are driven through the element to secure 
everything. 
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Fig 7-20—Transition of the 60.3-mm OD steel pipe to the 
35-mm OD aluminum element. 

We see that very similar results can be obtained with all 
of the elements described above. 

1.22. Other Array Configurations 
There are more configurations than the 2-element end

fire and the 4 element end-fire/broadside arrays we have been 
studying. I examined these because they are the simplest and 
most forgiving, and I used them as a step-by-step exercise to 
show all the aspects involved. 

Other arrays developed according to the guidelines and 
procedures explained above are: 

•	 Broadside arrays and broadside/end-fire combination 
arrays 

•	 The Four-Square array: Four elements set-up in a square, 
yielding an array that is switchable in four different direc
tions (receiving directions along the diagonals going 
through the corners of the square). 

•	 The Hex array: Six elements spaced 45° in a circle, 
yielding an array that is switchable in six different direc
tions. 

•	 The Eight-Circle array: Eight elements spaced 60° in a 
circle, yielding an array that is switchable in eight differ
ent directions. 

We will now analyze these configurations one-by-one, 
and evaluate various versions. As with the 2-element end-fire, 
it is possible to develop these arrays on different scales. As is 
the case with the end-fire array, smaller arrays have slightly 
better theoretical performance, but are more difficult (less 
forgiving) to build, have a narrower bandwidth and substan
tially less output. 

Many other configurations are possible, but once you 
understand the design procedure, you can design your own 
array. 

1.23. Broadside Arrays and Broadside/ 
End-Fire Arrays 

In Section 1-11 we reviewed the 2- and the 4-element 
broadside array, which develop narrow patterns. How do we 
feed these arrays? 
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1.23.1. Two-Element Broadside Array 
This bi-directional array has a −3-dB forward angle of 

47° and an RDF of 9.7 dB. Feeding is extremely simple: Run 
two 75-Ω feed lines of identical length (if the impedance of the 
elements is 75 Ω) to a common point. See Fig 7-21. At that 
point connect them in parallel and use a 2:1 transformer to get 
the impedance back up to 75 Ω. For this transformer you can 
use a Fair-Rite binocular core (2873000202) with a primary of 
6 passes (3 turns), and a secondary of 8 passes (4 turns; see 
also Section 2.8.1), yielding an SWR of 1.1:1 with 75-Ω loads. 

1.23.2. Four-Element Broadside Array 
The feed principle is the same. However, in this array, 

with a 3-dB opening angle of 25° and an RFD of 12.4 dB, we 
need to feed the outer elements with half the current of the 
center elements. 

Ideally we would feed the four elements with coaxial 
cables of identical length, and not the outer elements via an 
extra length of 1 λ as shown in Fig 7-22. This would make sure 
that if you move away from the design frequency of the array, 
the four elements would still be fed perfectly in-phase. If the 
lengths to the outer elements are 1 λ longer, the four elements 
are fed in-phase only on the frequency where the extra cable is 
exactly 1 λ long, but as we move from this frequency the phase 
change will be much faster in the longer cables to the outer 
elements than in the cables going to the center elements. It is 
questionable though if the practical consequences are worth 
the extra 220 meters of cable though! 

If you decide to feed all four antennas with cables of 
equal length, then you need to insert 3-dB pads (R1 = 28 Ω and 
R2 = 430 Ω), as shown in Fig 7-22. If you use the alternative, 
where you feed the outer elements with 1 λ extra feed line, you 
should take into account the loss caused by this extra feed line. 

Table 7-13 shows data for commonly used 75-Ω cables. 
If you feed the elements with RG-59B or RG-59 foam cable, 
the extra loss due to the 1-λ long cable is 2.4 to 2.5 dB, which 
is close to what we need. With this cable we can simply leave 
out the attenuators. If you use RG-11-type cable, you would 
need to insert attenuators of 2.1 to 2.2 dB (R1 = 180 Ω, R2 = 
680 Ω). Note the different velocity factors of the cables in 

Fig 7-21—Feed system for a 2-element broadside array. 
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Fig 7-22—Feed system for the four element broadside array. The outer elements need to be fed with half the current 
of the inner elements to obtain maximum directivity. See text for details. 

Table 7-13 
Cable Manufacturer 1-λ Length Loss for 1 λ 
Type    1.83 MHz, m  dB 
RG-59B Belden 8263 108 2.4 
RG59-Foam Belden 8212 128 2.5 
RG-11 Belden 8161 109 0.9 
RG11-foam Belden 8213 128 0.8 
1/2-in 75-Ω Harline  — 133 0.4 

Table 7-13, resulting in different physical lengths for 1 λ at 
1.83 MHz. 

The 4:1 impedance transformer (1:2 turns ratio) can be 
wound on a Fair-Rite binocular core (2873000202). I recom
mend a primary (37.5 Ω) of 6 passes (3 turns), and a second
ary (75 Ω) of 12 passes (8 turns). See also Section 2.8.1. 

1.23.3. Broadside/End-Fire Array With Two End-
Fire Cells 

Section 1.12 explained how this array works. Each of the 
end-fire cells is fed as described in detail in Section 1.20. The 
output impedance of the feed system for the individual cells is 
75 Ω. We now run two lengths of 75-Ω cable to a common 
point, where we combine the feed lines and use another step
up transformer to bring the combined impedance of 37.5 Ω 
back up to 50 Ω (see Section 1.23.1). See Fig 7-23. 

1.23.4. Broadside/End-Fire Array With Four End-
Fire Cells 

Feeding this array is a combination of what is explained 
previously. Ideally, we would run four feed lines of identical 
length to the end-fire cells, and use 3-dB attenuators to reduce 
the feed current in the outer cells by 50%. See Fig 7-24. 

1.24. The Four-Square Receiving Array 
Most of us undoubtedly know about the classic Four-

Square, with λ/4 sides and elements fed in increments of 90° 
(quadrature). This configuration became popular because it 

Fig 7-23—Suggested feed system for the broadside-end
fire array with two end-fire cells. Each cell is fed using 
the system described in Section 1.20. 

was the first described in literature, and because it can, as a 
transmit antenna, easily be fed with a so-called hybrid net
work (see Chapter 11). See Fig 7-25. 

But there is no reason why this 90°/90° (90° side dimen
sion, 90° phase increment) would be magical or better than 
other configurations. I analyzed three types of Four-Squares: 

• Large footprint Four-Square, with sides = λ/4 
• Small footprint Four-Square, with sides = λ/8 
•	 Very small footprint Four-Square, with sides = λ/16 

Fig 7-26 shows the horizontal radiation patterns at a 20° 
elevation angle for Four-Squares with λ/4 side spacing, with 
various phasing-step increments. Changing the side-element 
phase angle from 90° to 130° (with rear-element phasing at 
twice that of side element) does the following: 

• It narrows the forward lobe 
• It increases the size of the side lobes 

Note that the geometric F/B remains very high for all 
elevation angles. The RDF gets better as you increase the 
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Fig 7-24—Suggested feed system for the 8-element array consisting of a 4-element broadside array using 2-element 
end-fire cells. See text for details 

Fig 7-25—The Four Square has its main direction along 
the diagonals of the square. 

phase angle, simply because you substantially narrow the 
forward lobe. Looking only at the back (RDF), 90° phasing 
seems to be the best choice. Your choice of best phase angle 
should be dictated by whether or not you need to look at RDF 
or DMF. See Sections 1.8, 1.9 and 1.10). However, the two
dimensional patterns shown in Table 7-14 can easily fool 
you! I would opt for 120° phasing. 

Tables 7-14 also shows the performance data for a 
“medium-sized” Four-Square and for a “mini-sized” Four-
Square. The horizontal radiation patterns for these Four-
Squares are shown in Figs 7-27 and 7-28. 

As for the large-sized Four-Square, the higher-angle 
steps result in better directivity and a narrower forward lobe. 
As we make the array smaller, however, its output (gain) 
drops. Compared to the large Four-Square (λ/4 sides), the 
medium-sized one has 7.5 dB less output, and the mini-size 
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Fig 7-26—Azimuth patterns at a 20° elevation angle for 
various values of phasing step for a Four Square mea
suring λλλλλ/4 (side dimension). Solid line = 90°°°°°; dashed line 
= 100°°°°°; dotted line = 110°°°°°; dashed-dotted line = 120°°°°°; 
dotted-dotted-dashed line = 130°°°°°. 

Four Square (λ/16 side) has 15 dB less, rather dramatic drops. 
What we see in these Four Squares with various phasing 

steps is very similar to what we saw happening to the 
2-element end-fire arrays. See Figs 7-6, 7-8 and 7-9. 

Transmiting Four Squares have sometimes acquired a 
reputation for not being very good on receiving. The reason is 
that many transmit Four Squares have never been optimized 
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Fig 7-27—Azimuth patterns at a 20° elevation angle for 
various values of phasing steps for a Four Square 
measuring λλλλλ/8 (side dimension). Solid line = 130°°°°°; dashed 
line = 140°°°°°; dotted line = 150°°°°°; dashed-dotted line = 160°°°°°. 

Table 7-14 
Performance Data for 4-Square With λλλλλ/4 Side 
Dimension 

Phasing Step 3-dB Angle DMF RDF 
Degrees dB dB

 90° 100° 19.1 10.1 
100° 92° 22.2 10.6 
110° 86° 24.8 11.1 
120° 81° 24.0 11.5 
130° 74° 21.1 11.9 
Performance Data for 4-Square With λλλλλ/8 Side 
Dimension 
130° 96° 19.6 10.5 
140° 86° 24.8 11.2 
150° 76° 25.9 11.9 
160° 66° 19.5 12.2 
Performance Data for 4-Square With λλλλλ/16 Side 
Dimension 
157.5° 89° 22.6 11.0 
160° 85° 25.4 11.3 
162.5° 80° 27.6 11.7 
165 ° 76° 26.3 12.0 

for best directivity. You can build a Four Square with element 
currents and magnitudes way off from what they should be and 
yet they will still show almost maximum gain, even though 
directivity might suffer seriously. 

1.25. Feeding the Four-Square Array 
Tom, W8JI, introduced the crossfire phasing feed system 

described here. It can be used with any array that requires feed 

Fig 7-28—Azimuth patterns at a 20° elevation angle for 
various values of phasing steps for a Four Square 
measuring λλλλλ/16 (side dimension). Solid line = 157.5°°°°°; 
dashed line = 160°°°°°; dotted line = 162.5°°°°°; dashed-dotted 
line = 165°°°°°. 

currents with three or more different phase angles. This means 
it can also be used for the HEX-array described in Sec
tion 1.29. As explained in Section 1.20 it tracks frequency 
over a very wide range. 

This system cannot be used for transmitting arrays, as it 
is based on the elements of the array showing essentially a 
constant and purely resistive impedance at all frequencies. 
Refer to Fig 7-29. The front element is fed without delay lines. 
The two center elements are fed like the reflector in the 2
element end-fire array, with (180°) delay lines from the 
inverted output of the phase inverter T1. The rear element of 
the array is fed by a phasing line that measures 2 × (180 − φ). 

Let us check if the phase angles remain OK over a wide 
frequency spectrum. Assume the Four Square has elements 
that show 75-Ω feed impedance on both 3.5 and 1.83 MHz. 
We’ll neglect the extra phase shift caused by L1, which is the 
same for all elements, and look at the phase delays. The 
required feed currents are: 

1.25.1. On 160 meters 
• φ  = 150° 
•	 Element 1: 0° 
•	 Element 2 and 3: 180° − (180° − 150°) = 180° − 30° = +150° 
•	 Element 4: 0° − 2 × (180° −150°) = −2 × (30°) = −60° = 

+300° 
•	 Phasing line length to Elements 2 and 3: 30° long 
•	 Phasing line length to Element 4: 60° long 

1.25.2. On 80 meters 
• φ = 120° 
•	 The phasing lines remain physically the same, but are now 

twice as long in degrees (60° and 120°) 
•	 Element 1: 0° 
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Fig 7-29—Feed system for the Four-Square array, based 
on the crossfire system. With one set of phasing cables 
the correct phasing is easily maintained for two adjacent 
bands (80 and 160 meters). 

Table 7-15 
Required Feed Currents for Cross-Fire Fed 4-
Square 

160 meters 80 meters 
Ele 1 (front element) 0° 0° 
Ele 2 and Ele 3 150° 120° 
Ele 4 (back element) 300° 240° 

• Elements 2 and 3: 180° − 60° = +120° 
•	 Element 4: −2 × (180° − 120°) = +240° 

The required feed currents are listed in Table 7-15. The 
results obtained are correct. This proves that the system does 
track and keep the correct phase shift for (theoretically) any 
frequency. This means we can make a Four Square for 80 and 
160 meters using the same feed system. All we have to do is 
make sure the elements are resonant for the bands we want to 
use it on (for example, by switching loading coils). 

Fig 7-30 shows the complete wiring of the Four Square, 
including a direction-switching system. Only two relays are 
required. Relay 2 has four DPDTcontacts and can be replaced 
by two relays each having two sets of DPDT contacts. The 
construction of the phase-inverting transformer is described 
in Section 1.20. 

The 4:1 balun is wound exactly like the phase inverter, as 
shown in Fig 7-31. W8JI has designed a commercially avail
able switching system for small receiving Four Squares. The 
product is available through DX Engineering (www. 
dxengineering.com/). 

Fig 7-30—Complete wiring diagram of the Four-Square array. Inside the dashed lines is the phasing/switching sys
tem. The four 90° lines to the right run out to the array elements. All coax is 75 Ω.Ω.Ω.Ω.Ω.
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Fig 7-31—A 1:4 
wideband balun trans
former used to trans
form from 18.75 ΩΩΩΩΩ (four 
75 ΩΩΩΩΩ lines) to 75 ΩΩΩΩΩ
(system impedance). 

The crossfire phasing system maintains the correct phase 
over a wide frequency range. Tom also used this system in 
transmitting arrays as early as the mid-1970s. Despite trying 
to popularize this system verbally over the years, it wasn’t 
until the advent of the Internet that the word got out. 

1.26. A Word of Caution About Small 
Receiving (Mini) Four Squares 

We have seen that small arrays, although mathematically 
the equivalent of their bigger brothers, are much more critical 
to build. Down to λ/8 spacing there should be no problems, if 
the array is built with sufficient care. Very small Four Squares 
(eg, λ/16 spacing) are even more sensitive to variations in feed 
angle and amplitude. The tolerances are small and extreme 
care must be taken to keep the operating parameters within 
strict limits. 

In Figs 7-11 and 7-12, I showed responses of the 
2-element end-fire array with λ/8 and λ/16 spacing, and 
explained issues with smaller arrays. The same concerns exist 
for the Four Square, but to an even higher degree. 

1.27. Measuring and Tuning the Four-
Square Receiving Array 

The first thing you must do is to measure the impedance 
at the base of the elements. Make sure you have a good ground 
system. How do you make sure? Put a long wire on the ground 
as a single radial approximately 30 meters long. Measure the 
impedance of the (loaded and resonated) vertical with your 
antenna analyzer using a very short coax, maximum of 1 meter. 
Connect the radial wire to the ground at the antenna. If you see 
any appreciable change in readings on your antenna analyzer, 
you will need to improve your ground. 

Make sure your coax sees 75 Ω at the design frequency. 
Measure the impedance at the band edges. It should preferably 
not be more than about 75 − j 8 Ω and 75 + j 8 Ω. If you use 
feed lines that are λ/4 long you can live with a little higher 
SWR without upsetting the directivity. 

Make sure your feed lines are exactly the same length. It 
is not strictly necessary that the feed lines be λ/4 long, but this 
is highly recommended. Don’t use poor quality coax to feed 
the array. Bury the feed lines in a plastic flexible cable duct 
about 50 cm deep. 

Remember that element current (not voltage) sets radia
tion intensity in the fed elements. One interesting and useful 
property of a λ/4 feed line is that a constant voltage at the 
source end of the feed line produces constant a current mag
nitude equal to the input voltage divided by Z0 of the line and 
a phase delay of the current compared to the input voltage of 
90° at the other end of the feed line, regardless of the imped
ance at the load end of the line. 

If you use quarter-wave feed lines you can simply mea

sure voltage (using a vector voltmeter) at the end of those feed 
lines to know the antenna feed currents. This principle works 
with lines that are an odd multiple of quarter-waves long 
(λ/4, 3λ/4 ,5λ/4, etc). But it is important to remember that feed 
lines that are 3λ/4 long will result in a narrower system 
bandwidth compared with feed lines that are λ/4 long. The 
reason is that, as you move away from the frequency where the 
lines are exact odd multiples of λ/4, the phase error will grow 
faster in the longer lines. 

The only error is this measurement is due to feed-line 
loss, and on the low bands this loss is usually negligible for 
small cable lengths. Use good quality cable to reduce the error. 
The vector voltmeter (such as a surplus HP-8405) or a more 
expensive vector network analyzer is ideal for the purpose, but 
a good dual-trace oscilloscope can be pressed into service if 
the user is careful. Finally a permanent phase/amplitude indi
cator can be installed, as is explained below. 

If all these precautions have been taken, you can do the 
final feed-current magnitude adjustments. See Fig 7-32, where 
I have added two T-attenuators, one in the feed line going to 
the front element and one going to the back element. It is likely 
that the total loss in the leg going to the middle elements 
(including the loss in the phase inverter) will be greater than 
the loss in the two other legs. The amount of adjustment is 0.3 
to 1.0-dB steps. W8JI uses 2.2 Ω for the series resistors (Rs) 
and a 1000-Ω carbon variable for the parallel resistor (Rp). 
This is close enough to a 75-Ω match, and any mismatch 
created by imperfect attenuator values can be compensated by 
adjusting the attenuation. Remember that non-equal feed 
current magnitudes upset the F/B much more than slight 
deviations from the theoretical phase angle. This is why we 
fine-tune the current magnitudes with these attenuators. 

If you have access to a RF vector voltmeter or similar 
equipment that let you accurately measure RF voltage magni
tude and phase, you can measure the voltages at the ends of the 
λ/4 lines going to the elements, and adjust the T attenuators for 
identical voltage magnitude on the three lines. 

But you can also build a simple piece of test equipment 
designed by Robye Lahlum, W1MK. Using two 90° hybrids 
shown in Fig 7-32, you can adjust the attenuator values for the 
deepest null at the output port (3) of the hybrid. You will, 
however, need a few watts of RF to do this. You can use your 
transceiver, followed by a good filter (eg, a W3NQN bandpass 
filter), as an RF power source. In Chapter 11 there is more 
detailed information on this adjustment procedure. 

If you use this technique, you will also have to take 
certain steps before you start building the array. You will have 
to be able to insert a few watts of RF into the array, without 
burning out the loading coils or resistors at the base of your 
element. That means that miniature coils used on printed 
circuit boards are out of the question. Wind your own coils on 
powdered iron cores. Use loading resistors of sufficient watt
age; connect several in parallel if necessary. You should build 
both the 1:1 phase inverter as well as the unun (4:1 impedance 
transformer) using sufficiently large cores, although for 5 W 
you do not need a huge core. 

When using low RF power you can use a receiver instead 
of a detector and voltmeter for a null indicator. Make sure you 
have an extra attenuator in-line with the input of the receiver 
and make sure you apply the minimum amount of power 
necessary to obtain a clear null. Do the adjustment during the 
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Fig 7-33—A 90° hybrid: if signals at IN(1) and IN(2) are 
exactly 90° out-of-phase and have the same amplitude, 
the output of the coupler to port 3 will be zero. 

day when there are no signals on the band. 
The hybrid coupler is a one-band device. The values of 

the components are: L = Z0/(2πF), where Z0 = characteristic 
impedance (here 75 Ω), and F is in MHz . For 1.83 MHz the 
coil inductance is L = 75/11.5 = 6.5 µH and C = 106/(4πFZ0) 
= 580 pF. 
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Fig 7-32—Two small attenuators are in
serted in the front and back legs, where the 
least total attenuation is needed because of 
feed cable losses to the side elements. 
These attenuators can be adjusted to obtain 
the same feed-current magnitude in all 
elements, as witnessed by a full null on the 
RF voltmeters of the two hybrid circuit/null 
detectors. All coax 75 Ω.Ω.Ω.Ω.Ω.

The coils must be wound in a bifilar fashion (the wires 
can be twisted). Note the phasing dots in Fig 7-33. Powdered
iron cores must be used. A T-50 core (red mix) has an AL 
of 49 (meaning that 49 turns are required for 100 µH in
ductance). The required number of turns is given by N = 100 
[L/AL]1/2 where L is expressed in µH, and AL in µH/100 
turns. 

If the array requires 90°-phase shift between the ele
ments (φ = 90°), you need not add any additional phasing line 
to one of the inputs of the hybrid. In Figure 7-32, I inserted 15° 
long phasing lines, since the φ of this array is not 90° but 105°. 
Make sure you have the 75-Ω line termination resistors at 
ports 1, 4 and 2 of the hybrid. You can connect the hybrid 
to proper points (A, B, C and D) at the input of the 
λ/4 lines to the elements, with short but equal lengths of coax 
(one line will, in addition, have the extra line length as 
explained above, in case φ is not exactly 90°. 

There is no real need for these circuits to be made for a 75-Ω 
system impedance; they can just as well be made for 50 Ω. In that 
case the extra phasing lines should be made with 50-Ω cable. 

The two hybrid test circuits can be left in-line perma
nently. To test the array, inject a few watts of power, connect 
a receiver to the output port of the hybrid and adjust the T 
attenuator(s) for minimum signal. You can, of course, use a 



Chapter 7.pmd 27 2/18/2005, 9:24 AM 

small dedicated detector/voltmeter instead of a receiver for 
this purpose (see Chapter 11). 

1.28. The Mini Receiving Four Square at 
ON4UN 

During the winter I can use the terrain you can see in the 
background of the picture in Fig 7-34 to put up 12 Beverage 

Fig 7-34—You can see three of the elements of the mini 
Four Square in the front garden at ON4UN in this photo. 

Fig 7-35—Radial layout used at ON4UN’s mini Four 
Square. Each vertical has 18 short ground radials, which 
are soldered to a bus wire. A 1.5 meter long copperclad 
steel ground rod is used at each element. 

antennas (the terrain is approximately 160 by 300 meters). 
Fortunately most of the DX on the low bands is worked in 
winter, although I have often put up a single Beverage across 
the cornfield in the summer when it was necessary to work a 
new one! You really should try to lay a Beverage wire on top 
of 2.5-meter tall corn: a unique experience! 

To have some decent receiving capabilities also in the 
summertime, I decided to try a receiving Four Square in the 
small garden in front on the house. The arrays is about 
40 meters from the 160-meter transmit antenna. This is really 
too close and requires the transmit antenna to be detuned while 
I’m listening. (See Section 6.6 in Chapter 9.) Fig 7-35 shows 
my front garden in a picture taken from the top of one the other 
towers. The schematic for the switching employed at each of 
the duo-band 80/160-meter elements is shown in Fig 7-36. 
Fig 7-37 shows the weatherproof plastic box used to hold the 
switching/matching/loading components for each vertical. 

Long radials were not possible, so I put down about 18 
radials per element, after installing two crossing bus-wires to 
which the ends of the inward-looking radials are soldered. See 
Fig 7-38. With a 1.5-meter long ground rod at each element, 
I estimated the equivalent ground loss resistance to be 
approximately 20 Ω. 

It is quite easy to determine the ground loss resistance. 
Assume your element radiation resistance is 2 Ω, and the 
loading-coil equivalent loss is 2 Ω. We need to add 50-Ω 
series loading resistor to obtain a 1:1 SWR in a 75-Ω system, 

Fig 7-36—Duo-band switching system used by ON4UN. 
See text for details. 
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Fig 7-37—A small plastic box houses the matching/ 
loading (swamping) components. The relay switch the 
components for 80 and 160 meters. 

Fig 7-38—Base of a vertical. All copper radials are 
soldered to a copper ring, and connected to the strap 
going to the 1.5 meter long ground rod. 

so we can conclude that the ground loss resistance is 75 − 2 − 
2 − 50 = 21 Ω. 

I wanted to use the small Four Square on both 80 and 
160 meters. Using a loading resistor with a typical value of 50 
to 60 Ω, to end up with a 75-Ω resistance (R1 + ground losses 
+ losses in loading coil L1) this 11-meter long vertical gives 
adequate signal output (~ −15 dBi) on 160, with reasonable 
bandwidth (SWR approx 1.3:1 on 1810 and on 1850). The 
required loading coil has an inductance of ~ 60 µH. 

On 80 meters I needed much more bandwidth, which 
means much more resistive loading. This is no problem as the 
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11-meter tall vertical is fairly long for this application and 
extra swamping is required to reduce the effects of mutual 
coupling. Instead of loading the antenna to a total resistance of 
75 Ω, I loaded the antenna to 300 Ω, which resulted in an 
output of approximately –15 dBi, the same level as on 
160 meters. On 80 meters I incorporate a small 4:1 broadband 
transformer, to bring the impedance down to 75 Ω. The 4:1 
impedance transformer (1:2 turns ratio) can be wound on a 
Fair-Rite binocular core (2873000202) with a primary (300 Ω) 
of 6 turns (12 passes), and a secondary (75 Ω) of 3 turns (6 
passes). See also Section 2.8.1.3). The bandwidth of this 
80-meter element is extremely wide, with an SWR of 1.1:1 on 
3.5 MHz, 1:1 on 3.65 MHz and 1.1:1 on 3.8 MHz. Fig 7-36 
shows the band-switching arrangement at the base of each 
element. 

Using 18 short radials and a 1.5-meter ground rod at each 
vertical, the required value of the loading resistor for 160 meters 
(R1) was approx 50 Ω to achieve a 75-Ω feed impedance. For 
80 meters a value of 270 Ω was used (R2). 

Use metal-compositions resistors (not film resistors), 
such as Ohmite OY, OX resistors or equivalent in this appli
cation. I wound the coils on 1.3-inch OD powdered iron cores 
(T-130, RED mix, AL = 100). The number of turns is given by 
the following equation: 

N = 100 × [L/AL]1/2, where L is expressed in µH, and AL 
in µH/100 turns. A coil with an inductance of 50 µH requires: 
100 × [50/110] 1/2  = 67 turns. 

After installing the elements, check the feed impedance 
on the design frequency. It should be as close as possible to 
75 Ω. Also check the band edges. The SWR at the band edges 
must in no case be higher than 1.3:1. 

1.29. Stone-HEX Array (K8BHZ) 
Brian, K8BHZ, sent me details of a 6-element round 

array, which he calls a Stone-HEX (referring to Stonehenge). 
K8BHZ’s hexagonal array is small: the six elements are 
located on a circle measuring only 30 meters in diameter. It 
can be switched in six directions, which is exactly what’s 
needed with its −3-dB beamwidth of 78°. See Fig 7-39. 

I discussed in great detail the disadvantages of close
spaced arrays previously. If there is no real need to make the 
array so small, I recommend making it about twice the size. 
This will result in a less critical design (and better bandwidth). 

The radiation pattern and directivity figures of the larger 
array are identical to those of the small array. Only the output 
will be substantially higher. Table 7-16 gives the design and 
performance data for the Stone-HEX array for three different 
sizes. 

1.29.1. Feed System Principle 
First read Sections 1.24, 1.25 and 1.26 before proceed

ing here. This antenna requires three different feed currents, 
just like the Four Square. These do not all have the same feed
current amplitude. This can easily be dealt with, however. 
Since the central elements require twice the current compared 
to the other elements, the phase-inverter transformer must be 
a 1:4 impedance transformer (1:2 voltage). The output of this 
transformer, if connected as shown in Fig 7-40, will provide 
a 180° shift and an output voltage twice the input voltage. This 
will result in double the feed current in the middle elements. 
At the input side of the transformer we see an impedance of 
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Fig 7-39—The Stone-Hex array has improved directivity over a Four Square and is switchable in six directions. The 
feed system is basically the same as used with the Four Square, since this array also requires three different feed 
currents. See text for details. 

75/8 = 9.4 Ω. There are four more 75-Ω feed 
lines connecting to that point (75/4 = 18.75) so 
the total parallel impedance of 18.75 and 9.375 
is 6.25 Ω. 

L1 are equal line lengths, preferably 
λ/4 lines, which allow us to measure voltage 
at the end of these lines and know the cur
rents at the element feed points. For the 
smaller Stone-HEX, with φ = 149°, the length 
of the phasing line to the central elements is 

Table 7-16 
Three Sizes of Stone-HEX Arrays 
Circle φ Gain Over 3-dB DMF RDF 
Dia, m Degrees One Ele, dB Beamwidth dB dB 
30 
45 
60 

(180° − 149°) = 31°. The length of the extra phasing line 
to the back elements is 0° – 298° = 360° – 298° = 62°. These 
are electrical lengths. When converting to coax length take 

Fig 7-40—Wiring of the feed system for the Stone-Hex
array. Notice that the phase shift transformer is also a 
1:4 impedance transformer. See text for details. 

149° 6.7 78° 27.4 11.7 
130° 6.5 80° 26.1 11.5 
120° 6.7 75° 25.8 11.7 

into account the velocity factor of the coax. 
The phase-inverter transformer can be wound as a 9:1 

transmission-line type transformer (3:1 turns ratio). See also 
Sections 1.20 and 2.8.1. 

1.29.2. A Practical Stone-HEX Feed System With 
Direction Switching 

You can use a Fair-Rite Products 2873000202 binocular 
core (about 1/2 inch square and 1/3 inch thick 73 material), with 
1.5 turns (3 passes) on the low-Z side and 7.5 turns (15 passes) 
for the high-Z winding. You can also use type-75 and type-43 
material cores (FT114-75 or -43 toroid) for the same applica
tion. 

To perfectly balance the feed currents, insert T-attenua
tors at the points indicated as A, B, C and D in Fig 7-41. See 
Section 1.27 for details on these attenuators. The same 90° 
hybrids described in Section 1.27 can be used to tune the 
array. Four such circuits will be needed. One is connected 
between points A and E, with an extra phasing line going to E. 
The second circuit goes between C and F with the extra line 
going to F. The third goes between D and E with the extra line 
going to E and the final one goes between B and F with the 
extra coax going to point F. 

The direction-switching system is quite a bit more com
plex than with a Four Square, where switching can be done 
with three SPDT relays. Here you need seven such relays (see 
Fig 7-41). Brian, K8BHZ uses a different concept for his feed/ 
switching system (see Fig 7-42). Instead of using seven DPDT 
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Fig 7-41—A practical feed/direction switching system for the Stone-HEX array. See text for details. All coax 75 ΩΩΩΩΩ. 

relays, he uses 18 small SPST reed relays in a matrix-switch
ing configuration. Also, instead of using individual phasing 
lines going to the center and the back elements, he parallels the 
quarter-wave feed lines coming from each pair of those ele
ments at the switching box (resulting in 37.5-Ω impedance at 
that point) and uses two parallel 75-Ω phasing line (of electri
cally identical length) to make up the required 37.5-Ω imped
ance phasing line. 

This approach uses exactly the same length of phasing lines. 
Brian claims this is the better solution since a difference in 
phasing delay to the pairs of elements (center of back) are 
avoided. It must be clear, however, that to make a perfect 37.5-Ω 
phasing line of a given length, it also is essential that both 75-Ω 
lines have identical lengths. In my opinion both approaches are 
identical in all respects. In Brian’s approach of using a matrix
type switching configuration it is, of course, advantageous to 
have only three input lines: One line with E1 = 2 × a/0° (for the 
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center elements) one line with E2 = a∠+φ° (reflector elements) 
and one line with E3 = a∠−φ° (director elements). 

The three vertical “bus bar” lines in Fig 7-41 carry the 
feed voltages for the two center elements, the two front 
elements and the two back elements. K8BHZ uses standard 
8-conductor rotator cable for switching the array. The two 
heavy wires carry +12 V dc for the relays and a shack 
switchable +12 V dc for feeding the remote preamp. The 
“Rotor” switch in the shack is a SP6T, with the center common 
contact going to the 12-V-dc ground. The six wires select the 
six directions. The Preamp ground return comes back through 
the coax feed-line shield. 

Note also that the original K8BHZ six-circle Stone-HEX 
uses a 50-Ω system impedance, because the builder had easy 
access to 50-Ω cable. I recommend using 75-Ω feed lines to 
obtain better bandwidth. Fig 7-43 is a panoramic photo of 
K8BHZ’s Stone-HEX array. 
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Fig 7-42—Alternative feed/switching system as used by 
K8BHZ for his Stone-HEX array. This system uses 18 
small reed relays (K1 through K18). All coax 75 ΩΩΩΩΩ. 

Fig 7-43—The Stone-Hex array as set up at K8BHZ’s QTH. 
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1.29.3. The K8BHZ Ground System 
K8BHZ uses quite an unusual ground system for his 

array that relies on many judiciously located ground rods 
rather than an elaborate radial system. Brian had measured the 
ground loss for a single 2.4-meter long rod to be about 90 to 
100 Ω. He came up with the idea of connecting multiple 
ground rods to lower this and to average out variations in that 
value. 

Brian used the Moxon monopole/counterpoise symmetry, 
which means that the connecting wires between the three ground 
rods are an exact replica of the top-hat wires; just as long and 
directly underneath. This way the ground resistance at each 
vertical was brought down to about 30 Ω. He used three 2.4-meter 
long ground rods, one at the base of the vertical, and two more at 
the end of the 7.3-meter long radial wires running exactly beneath 
the top loading wires (see Fig 7-44). There are no other ground 
wires, which means that no extra room is required outside the 
circle on which the array is built. 

Fig 7-45 shows the base of a vertical. Brian uses small 
printed-circuit type inductors to tune the elements. Note how 
the box is clamped to a ground rod with a large U-clamp. 

Personally, I have had extremely poor experience with 
galvanized ground rods. In Fig 7-46 you see my neighbor 
friend George holding a piece of rusted steel ground rod that 
had originally been galvanized. All that was left of a 150-cm 
long rod after 20 years in the ground was 30 cm long. 

I would certainly only recommend copper-clad steel 
ground rods or better yet pure copper bar ground rods. You can 
clamp copper conductors onto copper-clad steel ground rods. 
After clamping, cover everything with a liquid rubber com
pound. If you solder a conductor to a solid copper-bar ground 
rod, cover everything with a heat-shrink tube with a hot-melt 
adhesive inside. Never expose solder joints done with regular 
60/40 Sn/Pb to bare ground. Always cover the solder joints 

Fig 7-45—K8BHZ uses 10-cm ××××× 10-cm treated wooden 
fence posts, buried in concrete 1 meter in the ground to 
support his 6.4-meter long elements. The 2.4-meter long 
ground rod emerges above ground and is clamped 
directly to an aluminum die-cast box. 

Fig 7-44—The K8BHZ ground system uses three 
2.4 meter long ground rods connected with a wire that is 
an exact mirror image of the loading wires. 
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Fig 7-46—Remnants of a 1.5-meter galvanized ground rod 
after 20 years in Belgian soil. After seeing this I never 
used galvanized-steel ground-rod components again. 
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Fig 7-47—The phasing/matching/switching board made 
by Brian, K8BHZ. 

Fig 7-48—A 10-gallon garbage can is used to house 
K8BHZ’s phasing/switching circuitry, as well as the extra 
phasing-line coax, coiled up at the bottom of the can. The 
can is grounded using two 2.4 meter long ground rods. 

liberally with a couple of layers of liquid rubber before 
burying. 

Fig 7-47 shows the construction of the matching/phas
ing/switching board by K8BHZ, using a large vector board. 
Note the excellent RF layout, which results in minimum stray 
coupling. Fig 7-48 shows the board in a 10-gallon garbage can 
used to protect it from the elements. 

The direction-switching lines are the long outer conduc

tors connected to the rotor cable. The symmetrical relay triads 
are self-explanatory; the 6-element connectors are directly 
below them. The short inner rings are for Front/Center/Rear, 
and the two transformers are visible, as are the phasing lines 
coming and going. The output connector is directly at the 
center. Brian also mentioned he made a second layout for a 
two-sided PCB with ground plane. 

1.30. The Eight Circle Array (W8JI) 
The Eight Circle array developed by Tom, W8JI, is 

undoubtedly one of the best performing vertical arrays, with 
directivity results equaling those of phased Beverages. In 
Section 1.12 I described the end-fire/broadside array. W8JI 
developed a direction-switchable array based on this four
element cell. Fig 7-49 shows the design and the relationships 
between the end-fire spacing (EFS) and the broadside spacing 
(BSS). 

A broadside spacing of 0.55 λ (90 meters on 1.83 MHz) 
results in the highest attenuation off the side for a 24° eleva
tion angle (elevation angle = arc cosine (82/90), where 
90 meters is the separation and 82 meters is λ/2 at 1.83 MHz. 
W8JI used a separation of 107 meters (0.65 λ), which results 
in a few more sidelobes but a substantially smaller forward 
beamwidth. 

In this configuration the circle diameter is 97.4 meters 
and the element spacing in the end-fire cell is 37.25 meters. I 
calculated the DMF and RDF for various phase angles of the 
end-fire cells with a 37.25-meter spacing. The results are 
shown in Table 7-17. 

The gain remains the same within 0.1 dB and is approxi
mately 7.6 dB over a single element. The highest RDF and 
DMF are obtained with a phasing angle of approximately 120° 
to 130°. From the point of view of total noise these are the 

Table 7-17 
End-Fire Cells with 37.25-meter Spacing 
Phase step (φ) 110° 120° 130° 140° 
DMF (dB) 21.4 22.6 21.8 19.4 
RDF (dB) 12.1 12.3 12.4  12.4 
−3-dB Angle 56 55 54.5 54 

Fig 7-49—The 8-Circle is nothing more than a set of end
fire/broadside arrays, with the elements arranged at 45° 
intervals on a circle. Properly dimensioned (slightly more 
than λλλλλ/2 side-spacing), this configuration makes a super 
receiving array that can be switched in 45° intervals. 

Receiving Antennas 7-33 



Chapter 7.pmd 34 2/18/2005, 9:25 AM 

Fig 7-50—The 8-Circle can be switched 
in eight different directions using nine 
small DPDT relays. Relays 1 and 5, 2 
and 6, 3 and 7 as well as 4 and 8 can be 
combined as 4PDT relays, if available. 
All coax 75 ΩΩΩΩΩ. 

choice phasing angles. If you have a lot of local ground-wave 
QRM coming in at very low angles, go for φ= 110° though for 
a better low-angle F/R. 

1.30.1. Feed Currents 
Elements 1 and 3: 1 ∠0° A 
Elements 3 and 4: 1 ∠+λ° A 
With these feed current the array will be pointing North 
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(in Fig 7-49). Note than only four of the eight elements are in 
use in any direction. 

Contrary to what we saw with the 2-element end-fire, the 
Four Square and the Stone-HEX array, this array cannot be 
scaled to a smaller version and still maintain its excellent 
directivity. This is because scaling would change the broad
side phasing distance, which must be a little over λ/2 for 
proper operation. This is also the reason why the array only 
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works on one band. 
It’s interesting to compare this array with the Stone-HEX 

array. Gain-wise there is just over 1 dB difference, but who 
cares about gain for a receiving array? From a DMF point of 
view (looking at directivity in the back), there is very little 
difference between the two arrays. As expected the RDF is 
about 1 dB better with the Eight Circle because of its narrower 
forward lobe. The λ/2 broadside spacing of the two end-fire 
cells does the trick. 

1.31. Feeding the Eight Circle 
Remember how easy it was to feed the 2-element end-fire 

array? This is just as easy, because we have here two end-fire 
array groups fed in-phase. The switching too becomes quite 
easy, and a system using nine small DPDT relays does the job 
(Fig 7-50). If you can obtain 4PDT relays, you can do the job 
with five relays. 

Because of the size of the array, λ/4 feed lines will not 
reach the center of the array. If you want to be able to measure 
voltage at the end of the feed lines to assess the current at the 
elements, you will have to install 3λ/4 feed lines. If this is not 
considered a requirement, equal-length lines of any length 
reaching the center of the array may be used. 3λ/4 feed lines 
will also give you somewhat wider performance bandwidth 
because of the current-forcing principle typical of lines that 
are multiples of λ/4 long. 

The two front verticals are fed at 0° phase angle. The feed 
lines to these arrays are paralleled (Ztot = 37.5 Ω) and con
nected to the primary of the inverter transformer. The feed 
lines to the back elements are also connected in parallel 
(37.5 Ω) and then fed to the secondary of the inverter trans
former via the phasing line, which is made of two paralleled 
75-Ω cables. At the input of the inverter transformer the 
impedance will be 37.5/2 = 18.75 Ω. A 4:1 unun transformer 
will match this to the 75-Ω feed line. 

The 4:1 impedance transformer (1:2 turns ratio) can be 
wound on a Fair-Rite binocular core (2873000202) with a 
primary of 4 passes (2 turns), and a secondary of 8 passes 
(4 turns). (See also Section 2.8.1 and Fig 7-31). 

The 1:1 inverter is shown in Fig 7-14. Fig 7-51 shows the 
remote-control unit, in this example using two ganged 8
position switches. By making use of +12 V and –12 V and a 
bunch of diodes, you can limit the required number of conduc
tors going to the remote unit to three. You could feed it 
through the coax, and make use of +12 Vdc, −12Vdc and 12 
V ac, but I do not recommend this solution since it may induce 
noise in the line, and create havoc on your feed line if there is 
the slightest ingress of water even only in the connector. 

If you want to experiment with various null angles, you 
could easily add a few relays and change the length of the 
delay line from 50° (gives 180 − 50 = 130° phase shift), over 
60° (120° phase shift) to 70° (110° phase shift). By switching 
between these lines it is possible to position the nulls in the 
back of the array at various angles in both the horizontal and 
vertical planes. 

1.32. The Eight Circle in Practice 
To my knowledge, two receiving type Eight Circle arrays 

are in use at the time of writing, one at W8JI, who designed the 
array and the other at W8LRL. Wally presently has the highest 
DXCC country score in the world on Topband. Like W8JI, 

Fig 7-51—Wiring of the switch box at the receiver. As few 
as three wires can be used to switch the array if you use 
the shield of the coax as a ground line. 

Fig 7-52—Wally, W8LRL, clearing the grass around one 
of the elements of his 8-Circle array. Like Tom, W8JI, he 
uses a 2 ××××× 2-inch wooden support for the aluminum tube 
elements. 
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Fig 7-54—The 8-Circle remote switching box designed by 
W8JI and sold by DX Engineering. There are eight connec
tors for the coax going to the eight elements, two for the 
delay line and one for the coax to the receiver or preamplifier. 

Fig 7-55—Wally, W8LRL, designed and made his own 
matching/switching box, contained in a red plastic 
bucket, located at the center of his array. 

Fig 7-53—The professional grade printed-circuit board 
used in the 8-Circle remote unit box shown in Fig 7-50. 

W8LRL has lots for acres for receiving antennas, and he finds 
the Eight Circle a good complement to the extended range of 
Beverages he runs on his very impressive 160-meter antenna 
farm. It’s proven over and over again, that the most successful 
Topband DXers are those with the best receiving antennas in 
the quietest locations! See Fig 7-52. 

W8JI developed a pc board that does all the switching 
and which is available from DX Engineering. He mounted it 
in a die-cast aluminum box. (www.dxengineering.com/). See 
Figs 7-53 and 7-54. W8LRL made his own matching/switch
ing box and mounted it in a red plastic bucket. See Fig 7-55. 

1.33. Parasitic Receiving Arrays 
Why don’t we see small parasitic receiving arrays? Can’t 

we make our transmit arrays be excellent receiving arrays? 
Transmit arrays can be designed to have excellent directivity, but 
as a rule they are very large. For a transmit antenna efficiency is 
a major concern, unlike the case for receiving antennas. 

Parasitic arrays require a high-Q to work well. Mutual 
coupling is essential, since the current in the parasitic element 
is obtained only through mutual coupling. Parasitic arrays, 
whether intended for receiving or transmitting, must be de
signed to have the lowest possible losses. 

Do we need full-sized (λ/4) elements to have low-loss, 
high-Q elements? The answer depends on how good the 
ground system is. In other words, with a nearly perfect ground 
system (perfect in terms of near-field, where return currents 
are collected) shortened elements can be used. Jim, N7JW, 
and Al, K7CA, have designed various transmitting parasitic 
arrays for 160 meter that use 16.45-meter long elements, top 
loaded with two drooping wires (see Fig 7-56). This element 
is self-resonant slightly higher than 1.83 MHz, and has a 
radiation resistance of about 11.5 Ω. In the N7JW/K7CA 
transmitting arrays, a “nearly perfect” ground radial system is 
used, consisting of 120 40-meter long radials. The equivalent 
loss resistance is in the order of 1 Ω. This brings the feed-point 
impedance of the element to approximately 12.5 Ω. 

In the array the element is tuned exactly to resonance on 
1.83 MHz with a small coil at the base (0.1 µH). All the 
elements are made identical. Fig 7-57 shows the element 
configuration. When the relay is energized, the bottom of the 
element is connected to ground via a coil of 0.5 µH, which 
turns it into a reflector (tuning the element to a self resonance 
of approximately 1812 kHz). With no voltage applied to the 
relay, the base of the element is resonated to 1.83 MHz with 
a coil of 0.1 µH and connected to a 4:1 wide-band trans
former. 

The basic idea of the transmitting array is the same as the 
concept of an Eight Circle, where eight elements are on a 
circle. Just like in the Eight-Circle receiving array described 
in Section 1.30, four-elements are active at a time (See 
Fig 7-49). The circle diameter is 94 meters, and the elements 
are spaced 36 meters in the circle. This makes for two broad
side 2-element arrays, spaced 86.9 meters, while the elements 
of each cell are spaced 36 meters (0.2 λ). 

The parasitic element in each cell is a reflector. The 
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Fig 7-56—At 
N7JW’s QTH in 
St George, Utah, 
we see 8 ele
ments in a line 
on top of a ridge. 

Fig 7-57—Basic element for the N7JW/K7CA parasitic 
array. 

Table 7-18 
Performance Data for 2- and 4-Element Parasitic 
Arrays 
Configuration Gain −3-dB Angle RDF DMF 

dBi Degrees dB dB 
2-Element 4.6 150° 8.5 12.8 
4-Element 8.2 58° 11.9 20.3 

performance data for two cells in a broadside array are given 
in Table 7-18. How does this N7JW/K7CA Eight Circle 
transmitting array compare to the W8JI Eight Circle receiving 
array in Section 1.30? 
•	 The directivity (both RDF and DMF) are not quite as good 

as the for the all-driven array but they are still excellent. 
•	 The parasitic array requires a “perfect” ground system. 
•	 The parasitic array requires longer vertical elements (16.5 

vs 6 meters). 
•	 The parasitic array has a gain of +8.2 dBi vs –8.5 dBi for 

the all-fed receiving array. This makes it an excellent 
transmitting array, with 2.5 to 3 dB more gain than the 
well-known transmitting Four Square. 

N7JW and K7CA went one step further and also built 
160-meter receiving arrays that use four broadside 2-element 
cells. With a length of 261 meters and a width of 36 meters, 
this is a receiving array with a large footprint! See Figs 7-58 
and 7-59. A 6-element array could also be made that would 
measure “only” 174 meters wide. And by the way, all these 
dimensions are without the radials extending 40 meters in all 
directions! 

The performances of these receiving arrays are quite 
spectacular, as shown in Table 7-19 and in Fig 7-60. With an 
RDF of 15.1 dB this array is almost 3 dB better than the all-
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Table 7-19 
Performance Data for 6- and 8-Ele Parasitic Arrays 
Configuration Gain (dBi) 3 dB Angle RDF DMF 

dBi Degrees dB dB 
6-Element 10.0 37° 13.7 23.4 
8-Element 11.3 28° 15.1 25.6 

Fig 7-58—The 8-element parasitic array at N7JW/K7CA 
consists of four 2-element parasitic cells spaced just 
over λλλλλ/2 apart. 

Fig 7-59—The center elements are fed with cables of 
equal length to the central matchbox (MB). The feed 
lines to the outer elements are 1 λλλλλ longer (108 meters 
for RG213) to keep the four cells fed in phase. 

fed transmitting Eight Circle. Note however that this is obtained 
through an extremely narrow forward lobe, where the −3-dB 
angle is only 28°. 

In the 4-element array, both driven elements are fed with 
the same current. If you use two equal-length 50-Ω feed lines 
going to the centrally located matching and switching box, the 
combined impedance will be 25 Ω. This can be matched to the 
feed line by any convenient means, such as a 1:2 transformer, 
L-network or a 37.5-Ω quarter-wave transformer. 

For four cells, the best directivity results from feeding 
the outer driven element with 80% of the current value used 
for the two center driven elements. This is automatically 
obtained by using a “lossy long line” to these elements. As all 
four elements need to be fed in-phase, you would feed the 
outer elements with feed lines that are 1 λ longer than the 
center driven elements. This is 108 meters of RG-213 
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Table 7-20 
Operational Bandwidth of 8-Element Array 
Freq Gain RDF DMF SWR
 

dBi dB dB
 
1810 10.8 14.9 30.3 1.6
 
1820 11.2 15.2 30.7 1.1
 
1830 11.3 15.1 29.8 1.1
 
1840 11.1 14.6 26.2 1.1
 
1850 10.8 14.2 24.0 1.1
 

Fig 7-60—Azimuth patterns for the array in its various 
configurations. Solid line = 2 elements; dashed line = 4 
elements; dotted line = 6 elements; dashed-dotted line = 
8 elements. For gain, nose beamwidth and directivity 
figures, see Table 7-23. 

Fig 7-61—Azimuth patterns for the 8-element receiving 
array at various elevation angles. Solid line = 10°°°°°; dashed 
line = 20°°°°°; dotted line = 30°°°°°; dashed-dotted line = 40°°°°°. 
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(VF = 0.66), which has a loss of approx 0.9 dB. This means a 
current ratio of 1:1.11 or 90%, not exactly what we need but 
close enough. A little lossier coax would be even better. The 
same applies for the 6-element array, where you should feed 
the two outer elements with approximately 80% of the feed 
current of the center element. 

The 6-element array requires the same current tapering 
across the cells (0.8:1.0:0.8) for best directivity. In the centrally 
located match-switchbox (MB) the feed lines to one side of the 
array are connected in parallel, as well as those to the other side. 
A simple relay switches directions by selecting which side to 
feed. At the same time, the elements on the back of the array are 
turned into reflectors by energizing the relays at their base (see 
Fig 7-57). A 1:4 wideband transformer (identical to the one 
used at the feed point of each element) is used to transform the 
12.5 (four 50-Ω lines in parallel) back up to 50 Ω. 

The directivity of this array is excellent over a wide range 
of elevation angles, as shown in Fig 7-61. Contrary to what you 
might expect, the operational bandwidth is also excellent, as 
shown in Table 7-20. The SWR bandwidth is very flat from just 
below 1820 to well over 1850 kHz, and the directivity figures 
remain remarkably high over about 50 kHz as well. 

N7JW and K7CA built a remote antenna site some 35 miles 
from their QTH in the middle of the desert, where manmade 
noise is totally non-existent. Several such arrays are located at 
this remote site. The remote is operated via VHF links as a 
receiving site only, as there is no mains supply and all the 
equipment at the remote is powered by solar panels. The arrays 
can also used for transmit with high power in contests, when a 
generator and a 2-kW amplifier is brought to the site. 

Jim and Al have Beverages up there as well, but they 
swear by the 8-element arrays. They claim its better perfor
mance is due to the cleaner vertical pattern, and to the fact that 
the elevation angle (at 25° to 30°) is substantially higher than 
for long (300-meter minimum) Beverages. See Fig 7-61. 

The 8-element array get its directivity from the very 
narrow forward lobe. From Utah, looking into Europe, the 
back is California and the Pacific. Very little 160-meter 
activity originates from there, at least as compared to Europe. 
In Belgium, I have the entire continent of Central and Eastern 
Europe behind me, and I need my directivity mainly in the 

back, a very different situation. This goes to illustrate that 
what is best in one situation is not necessarily so in another 
one. 

Going against the mainstream of using separate receiv
ing and transmitting antennas and building these high perfor
mance TX/RX arrays has proven to be a winner for N7JW/ 
K7CA, who are consistently either the loudest or the only 
stations heard in Europe from that part of the world. And it 
works on reception too, since I never have to call them twice. 
K7CA is shown next to one vertical in Fig 7-62. Part of the 
array is shown in Fig 7-63 and a schematic of the directions 
covered is shown in Fig 7-64. 

Fig 7-62—K7CA at the base of one of the array elements. 
Note the heavy copper ring to which all 120 radials are 
soldered. The two loading coils are wound on the black 
insulator, while the relay and the 1:4 transformer are 
placed in a plastic enclosure. 

Fig 7-63—View of 
seven of the eight 
elements of one of 
the N7JW/K7CA 
arrays at their remote 
antenna farm in Utah. 
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Fig. 7-64—Layout of the receiving arrays at N7JW, giving 
the choice for eight directions. 

1.34. Vertical Receiving Arrays 
Compared 

Table 7-21 gives an overview of the characteristics of a 
single element (see Section 1.19) in the various receiving 
arrays examined so far. To obtain reasonable bandwidth the 
Rrad of an element should be kept low enough compared to the 
total equivalent series loss resistance in the feed impedance. If 
we use a 75-Ω system impedance, we generally will require 
elements with Rrad < 2 Ω to provide adequate bandwidth. 
Elements with a higher Rrad will need to be loaded with a 
higher series resistance, as was done in Section 1.27. In 
Table 7-22, DMF and RDF are shown vs the forward lobe at 
a 20° elevation angle for a variety of arrays. 

1.34.1. Gain Corrections for Other Elements 
For other elements, the gain can be corrected using the 

gain figures from Table 7-21. If you use, for example, 6-meter 
instead of 12-meter elements, the gain will be 19.9 – 13.9 = 
6 dB lower than what is shown in the table. If you use the 
W8JI-style elements you have to subtract 17.4 − 13.9 = 
3.5 dB. 

Table 7-21 
Single Element Gain (at 20° Angle) and Rrad (Over Average Ground). Gain Calculated With a Series 
Resistance Totaling 75 ΩΩΩΩΩ
Element Reference 80-M Gain 160-M Gain 80-M Rrad 160-M Rrad 

dBi dBi Ω Ω 
W8JI Element Sect 1.20.1 −12 −17.4 5.3 1.2 
K8BHZ Element Sect 1.20.2 −10.1 −15.5 7.6 1.7 
Base-loaded 6-m Ele Sect 1.20.3 −14.8 −19.9 2.2 0.5 
Base-loaded 9-m Ele Sect 1.20.3 −11.1 −16.4 5.1 1.2 
Base-loaded 12-m Ele Sect 1.20.3 −8.3 −13.9 9.8 2.2 

Table 7-22 
DMF and RDF Comparisons, at 20°°°°° Takeoff Angle 
Antenna DMF RDF −3-dB Angle Gain Reference 

dB dB Degrees dBi 
2 Ele End-Fire, λ/ Spacing, φ = 135° 16.1 9.3 132 −12 Sect 1.8 
2 Ele End-Fire, λ/8 Spacing, φ = 155° 17.7 9.8 120 −16 Sect 1.14 
2 Ele End-Fire, λ/16 Spacing, φ = 165 ° 17.9 9.8 121 −21 Sect 1.14 
4-Square, Side λ/4, φ = 120° 24.0 11.6 86 −8 Sect 1.23 
4-Square, Side λ/8= 140° 25.9 11.9 86 −15 Sect 1.23 
4-Square, Side λ/16, φ = 160° 27.6 12.0 85 −23 Sect1.23 
6-Ele Stone-Hex, 305-m Dia 27.4 11.7 79 −19 Sect 1.28 
8-Circle, φ = 120°, Dia 0.594 λ 22.6 12.3 55 −8 Sect 1.29 
Broadside 2-Ele Bidirectional # 9.7 47 −10.5 Sect 1.11, 122.1 
Broadside 4-Ele Bidirectional # 12.4 25 −7.9 Sect 1.11, 1.22.2 
Broadside/End-Fire 4-Ele 21.0 12.7 46 −4.7 Sect 1.12, 1.22.3 
Broadside/End-Fire 8-Ele 26.6 15.7 24.5 0.7 Sect 1.12, 1.22.4 
Note: Gain (dBi) on 1.8 MHz over average ground, using a 12-meter long non-top-loaded element, bottom loaded to achieve 
75 Ω impedance. 

#It does not make sense to calculate the DMF of a bidirectional antenna. 
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Table 7-23 
N7JW/K7CA Arrays (Receive and Transmit Antennas) 
Antenna Description DMF RDF −3-dB Angle Gain Reference 

dB dB Degrees dBi 
4-Ele Parasitic Array (N7JW) 20.3 12.9 58 +7.1 Sect 1.32 
8-Ele Parasitic Array (N7JW) 25.6 15.1 28 +10.2 Sect 1.32 

1.34.2. Transmitting Arrays With Outstanding 
Receiving Performance 

While these antennas are not in a strict sense receiving 
antennas only, I will list their performance figures here in 
Table 7-23. The N7JW/K7CA array is covered in this chap
ter; the WØUN/K9DX Nine Circle is covered in Chapter 11. 

1.35. Using a Noise-Canceling Bridge to 
Feed a Receiving Array 

In Sections 1.4 and 1.5, I briefly touched on the subject 
of noise-canceling devices. A noise-canceling device is noth
ing but a phasing/combining system, in which you combine 
the output of two antennas and adjust the relative amplitude 
and phase for full cancellation of a particular signal. 

The feed system for a receiving array can be seen as a 
noise-canceling bridge. For two signals to produce zero out
put when combined, they must be the same amplitude and 
180° out-of-phase. In the receiving arrays described so far, 
identical elements were used (same polarization, same direc
tivity pattern), close together (less than 1 or 2 λ apart to avoid 
space diversity effects). These are prerequisites for signals 
with identical magnitudes, when you consider signals (QRM, 
noise, etc) received via skywave. If you use different antennas 
to feed a noise bridge, the varying polarization and signal 
strength will make it impossible to get a stable null on 
skywave signals. As W8JI stated: “Despite folklore... mixing 
a horizontal antenna with a vertical is real trouble on sky
wave circuits. Fading, averaged over a short time, actually 
increases…” 

The main difference between a directive array and a 
noise-canceling set-up can be summarized as follows: 

•	 A directional array uses identical antenna elements in the 
array. 

•	 A directional array is designed to provided directivity, not 
to null out a specific noise source. (The array has a narrow 
forward lobe in which we receive, and it suppresses signals 
as much as possible in all other directions, to increase RDF 
and DMF.) 

•	 A noise-canceling set-up is intended to reduce/eliminate 
locally generated noise. 

•	 A noise-canceling set-up normally uses a small-size noise
sensing antenna located near the noise source. 

Instead of designing the feed system of a directive array 
for a fixed (optimized) phasing angle to produce the best 
possible DMF or RDF, we can bring the individual feed lines 
of the end-fire array and do the phasing “in-house” using a 
phasor-combiner, usually called a noise bridge. The MFJ-1025 
and 1026 are commercial units that perform very well on the 
low bands. The advantage of such setup is that you can move 
the null of your array continuously around from inside the 

shack. They are great for nulling out a particular QRM source. 
However, noise usually comes from many directions, the 

DMF or RDF of your receiving set-up is really much more 
important than being able to null out a signal from one specific 
direction. In addition, moving a null by varying the phase not 
only moves it in the horizontal plane, but also moves it at the 
same time in the vertical plane (see Section 1.6). 

A noise-bridge is really the best instrument if you want 
to cancel out QRM received from nearby sources on 
groundwave. Still better, of course, is to kill the noise source 
itself. When used for such an application, any small vertically 
polarized sensing antenna can be used. The noise-sensing and 
receiving antennas can be very dissimilar, so long as the noise 
antenna hears the noise well. Ideally, the noise antenna should 
hear only the unwanted signal. Since both antennas receive the 
noise by groundwave, there are no variations like we normally 
experience on sky-wave signals. 

W8JI has covered the MFJ-1025/1026 noise canceller in 
great detail on his Web page. Tom describes some modifica
tions that can be made to improve its efficiency on 160 and 
80 meters (www.w8ji.com/mfj-1025_1026.htm). 

The noise canceller can also be used to enhance received 
signals. W8JI wrote on his Web site: “Enhancing signals 
requires both antennas to have similar S/N ratios, and ideally 
they would have similar patterns. That’s true if it is a Bever
age and a Four Square, K9AY loops or Flags, two regular (so
called magnetic) loops, or whatever being mixed. Vertically 
polarized antennas mix well with other vertically polarized 
antennas. Since my Four Square has a similar pattern to a 
pair of echelon-staggered Beverages, they mix almost per
fectly! Remember if you combine one poor S/N antenna with 
a good S/N antenna in an effort to enhance signals, you will 
almost certainly make the good antenna become worse! Mix
ing in a poorer S/N antenna is great for nulling local noise, 
but not peaking distant signals. I mix three Beverages with a 
Four Square, using any combo that works best. Sometimes the 
improvement is 15 dB or more. Sometimes it won’t help, but 
mixing anything vertically polarized with my dipoles is almost 
always a real bust for signal enhancement.” 

Mauri, I4JMY, who made his own noise-canceller, wrote 
on the Topband reflector: “The null steerers are top perform
ers to avoid overload by local huge signals on same or 
another band; ie, nearby contester running a pile-up or rag 
chewing even a few kHz apart.” This very true, and if you have 
a local station (within a few kilometers) on 160 meters run
ning a kW, it’s likely he’ll be S9+40 or better, and you may 
hear him literally all over the band. The noise canceller can 
literally kill him, without having to go to prison! 

I have successfully used the MJF noise canceller for 
getting rid of local groundwave noise. I use my transmitting 
vertical as the noise antenna, with a attenuator so that only the 
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local noise was heard, while the main antenna was one of the 
Beverages. This worked very well. The built-in small 1-foot 
long sensing whip is really not much of a sense antenna, and 
I never could make good use of it. 

It takes some understanding of what happens inside the 
black box before you can adjust the noise canceller properly. 
Dave, NR1DX, wrote: “I first note the S-meter reading of the 
noise with the “main antenna gain” all the way up and the 
noise antenna gain all the way down. I then turn main control 
to zero. I turn up the gain of the noise antenna until I get the 
same S-meter reading. Next I turn the main antenna gain all 
the way back up and adjust the phasing control for a null. 
Careful tweaking of the noise gain and the phasing control 
then tames the beast. If I can’t get an equal level through the 
noise-antenna side, I either live with the noise or try a different 
antenna as the noise antenna. Successful noise nulling is an 
art and it takes a good noise antenna plus patience to tune out 
a noise source as the controls can be quite sharp.” 

2. AN INTRODUCTION TO BEVERAGE 
ANTENNAS 

2.1. The Beverage Antenna: Some 
History 

The Beverage antenna (named after Harold Beverage, 
W2BML) made history in 1921. In fact, a Beverage antenna 
was used in the first transatlantic tests on approximately 
1.2 MHz. For many decades, the Beverage antenna wasn’t 
used very much by hams, but in the last 25 years it has gained 
tremendous popularity with low-band DXers. The early articles 
on the Beverage antenna (Ref 1200-1204) are excellent read
ing material for those who want to familiarize themselves with 
this unique antenna. 

A revealing interview with Dr. Harold H. Beverage and 
H.O. Peterson (interview by Norval Dwyer, done in 1968 and 
1973) can be read at: www.hard-core-dx.com/nordicdx/ 
antenna/wire/beverage/interview1.html. 

2.2. The Beverage Antenna Principles 
Fig 7-65 shows the basic configuration of the Beverage 

Fig 7-66—Different terminating systems for Beverage 
antennas. The version at A suffers from stray pickup 
because of the vertical down lead. At C, two in-line 
quarter-wave lines terminate the Beverage, by which the 
radiation from these lines is effectively canceled. This is 
not a very practical solution because of its area require
ments. This configuration is used through the book for 
modeling Beverage antennas, however. At D, the method 
most widely used with real-world Beverages. Using a 
long sloping section is thought by many to reduce 
omnidirectional pickup. 

Fig 7-65—The Beverage antenna is a straight wire, typically 1 to 4 λλλλλ long, mounted parallel to the ground at a height 
of 0.01 to 0.03 λλλλλ. 
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antenna (also called the “wave antenna”). It consists of a long 
wire (typically 1 to several λ long) erected at a low height 
above the ground. The Beverage antenna has very interesting 
directional properties for an antenna so close to the ground, 
but it is relatively inefficient. This is why the antenna is 
primarily used only for reception on the amateur low bands. 

The Beverage antenna can be thought of as an open-wire 
transmission line with the ground as one conductor and the 
antenna wire as the other. To achieve a unidirectional pattern, 
the antenna must be terminated at the far end in a resistor equal 
to the surge impedance of the antenna. See Fig 7-66. So-called 
bi-directional Beverages are covered in Section 2-12. 

If the Beverage antenna is to be used on VLF (where it 
was originally used), the velocity of propagation in the two 
wires (one is the antenna conductor, the other one is its image 
in the earth) has to be different, so that the arriving wave front 
(at a 0° elevation angle for groundwave VLF signals) inclines 
onto the wire and induces an EMF in the wire. Therefore, the 
ground under the antenna must have rather poor conductivity 
for best performance. 

A radio wave travels in the air with a velocity factor of 
100%. In the antenna wire it travels at a slower speed, depend
ing on its height above ground and the quality of the ground. As 
we make the wire antenna longer, an increasingly large phase 
difference exists along the wire between the wave in the air and 
the wave in the wire. When the difference becomes 90°, the 
EMF induced by the radio wave will start subtracting from the 
traveling wave in the wire instead of adding. This mechanism 
limits the length for maximum gain in this antenna. 

On the amateur MF/HF low bands, the situation is differ
ent, because signals do not come in at 0° elevation angle. The 
elevation angle is typically above 0° and below 30° for DX 
signals on 160/80 meters. Here too we have to look at the 
phase difference between the wave in the air and the induced 
EMF wave in the antenna wire. It’s clear that in the horizontal 
plane through the wire, the projected wavelength is now the 
wavelength in the air multiplied with the cosine of the eleva
tion angle. The wave in the wire is now the faster one, at least 
for high enough elevation wave angles. For a given height and 
ground quality there is an elevation angle at which the VF and 
the elevation angle compensate one another and where both 
remain in phase all the time. Below this elevation angle the 
wave in the antenna is the slower one, and above this angle it 
is the slower one. This angle is also the elevation angle of the 
antenna, or the angle at which the gain is greatest. For signals 
coming in at higher elevation angles (and long enough antenna 
wires) the gain drops, goes through a minimum (180° phase 
difference), goes up again, etc, in a cyclic way. 

This is the mechanism that forms the radiation pattern of 
the Beverage. See Fig 7-67. Notice the secondary lobes. The 
longer the antenna is the more nulls there are, as this phenom
enon of adding/subtracting keeps repeating along the wire. 

For the main elevation wave angle (the angle at which the 
main lobe peaks) there is a length beyond which the gain will 
drop. From Fig 7-67 you can deduce the theoretical maxi
mum, as a function of practical parameters, such as the 
antenna height and ground quality, both of which together 
determine the velocity factor of the antenna. However, the 
velocity factor of the antenna is not the mechanism that limits 
the useful maximum length of a Beverage antenna. In our 
approach above, we assume that the wave in the air is homo

geneous and linear in space, which in reality is not the case (re 
space diversity). The true mechanism that limits Beverage 
length is discussed in Section 2.4.1. 

The velocity factor of a Beverage will vary typically 
from about 90% on 160 meters to 95% on 40 meters. These 
figures are for a height of 3.0 to 3.5 meters. At a 1-meter 
height the velocity factor can be significantly lower, depend
ing on ground quality. BOGs (Beverages on ground) may have 
a velocity factor around 60%, which means that very short, 
very low Beverages can exhibit radiation patterns similar to 
higher Beverages that are much longer. A drawback of low 
Beverages is that their output is much lower. But may not be 
our main worry. After all, people trip on them, deer get tangled 
in them and critters eat them! 

2.3. Modeling Beverage Antennas 

2.3.1. Modeling with MININEC 
I don’t advise modeling Beverages with MININEC based 

programs (see also Chapter 4, Section 1.2) because MININEC 
assumes a perfect ground under the antenna. This has a 
number of consequences such as: 
•	 MININEC works with a 100% velocity factor (because of 

the perfect ground under the antenna): The gain will 
increase with length, without reaching a maximum, which 
is not correct. 

•	 MININEC will show an antenna impedance that is typi
cally 10 to 20% lower than the actual impedance over real 
ground. 

•	 MININEC patterns will show deep nulls in between the 
different lobes. This is not correct. The various lobes 
merge into one another due to real-ground conditions. 

•	 Gains reported with MININEC are too high. 

2.3.2. Modeling With NEC 
We can do much more accurate modeling using modeling 

programs based on NEC-2 (or NEC-4). See Chapter 4, Sec
tion 1.3. Using a NEC-2 based program, the Beverage antenna’s 
velocity factor is taken into consideration. Modeling various 
Beverage lengths will show the gain going through a maxi
mum at about 5 to 8 λ, depending on height and ground 
quality. 

NEC-2 is, however, well-known for predicting excessive 
gains for wires close to the ground. It underestimates loss 
along the antenna, which distorts the pattern. W8JI wrote: “I 
measure as much as ~70% current loss in 500 feet, which is 
3-dB loss.” As gain is no issue with receiving antennas, this 
should not be a problem. 

With NEC-2 you cannot connect any part of the antenna 
to the ground. With NEC-4 you can do this, but NEC-4 is not 
released to the general public and a NEC-4 license is still very 
expensive (see also Chapter 4, Section 1.4). 

There is a simple way though to overcome this problem 
with NEC-2: We terminate the Beverage in our computer 
model using quarter-wave wires as ground terminations. If 
you use such a scheme in reality, you will have a single-band 
Beverage, since the termination wires are only λ/4, a dead 
short, on one frequency, and its odd multiples. 

The correct configuration for modeling Beverages uses 
two λ/4 termination wires (in-line) at each end of the Bever
age (see Fig 7-66C). Considering the current distribution, 

Receiving Antennas 7-43 



Chapter 7.pmd 44 2/18/2005, 9:25 AM 

Fig 7-67—Vertical and horizontal radiation pattern of 2-meter high Beverage antennas over good ground, for different 
“cone of silence” antenna lengths for 80 and 160 meters. 

these wires do not radiate in the far field, just like symmetrical 
radials or top-loading wires with verticals (see Chapter 9). We 
should not automatically extrapolate this to the real world. In 
the real world, in close vicinity to a ground that does not 
exhibit constant characteristics all along these wires, near
field losses will be different in different places, resulting in a 
imperfect cancellation of the radiation from the two λ/4 wires 
in the far field. A similar problem is discussed in Chapter 9, 
where we deal with verticals using just a few elevated radials. 

In the real world, quarter-wave terminations are rarely 
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used. If they are used, it would mostly be as a single wire, in
line with the antenna wire. Directivity is slightly better with 
these models than in the real world, where we use a vertical or 
a sloping downlead at both ends. This vertical downlead (or 
the vertical component of the sloping lead) is responsible for 
some omnidirectional signal pick up. The impact of the pick 
up from the down leads is further discussed in Section 2.5.5. 

Most Beverage patterns described in this chapter were 
modeled using the EZNEC program (which uses the NEC-2 
computing core) and using the real “High Accuracy” ground 
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option, employing the Sommerfeld ground method. These 
EZNEC models were terminated using two in-line quarter
wave terminations at each end (Fig 7-66C). 

When modeling arrays of Beverages (Section 2.3), I 
often use a simplified model. In this model all Beverages are 
in an inverted-V fashion, 2 meters high at the center and 
sloping down to ground level at both ends. Since this configu
ration includes a ground connection, modeling was done using 
a “Real-MININEC” type of ground in EZNEC. This is not 
really a disadvantage, so long as I do not compare gain figures 
obtained using the two different methods. 
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2.4. Directional Characteristics and 
Gain 

Directivity is the name of the game with any receiving 
antenna. Forget about gain; since preamplifiers can do won
ders! I analyzed a series of Beverage antennas (at 2 meters 
height) for 160 and 80 meters. I modeled these antennas over 
good ground (see Table 5-2 in Chapter 5), terminating them in 
a 600-Ω resistance. (See Fig 7-67 and also Section 2.5.) 

2.4.1. Influence of Length 
The lengths of the modeled Beverage antennas varied 

from 89 to 890 meters. The choice of lengths was indicated by 
the fact that these lengths happen to be the ideal target lengths 
for obtaining best F/B (see Section 4). The influence of ground 
quality is discussed in Section 2.4.4. 

•	 The patterns: Fig 7-67 shows the horizontal and the verti
cal radiation pattern for different Beverage antenna lengths. 
The horizontal radiation patterns are calculated for the 
maximum elevation angle. 

•	 The elevation angle: The radiation angle only changes 
marginally (a few degrees) between very poor ground and 
very good ground. The elevation angles shown in Fig 7-67 
are for Average Ground. Note the large difference in 
elevation angle between long and short Beverages: 17° for 
a 3-λ long antenna and approximately 40° for a 1-λ long 
antenna! 

•	 Gain: Fig 7-68 shows gain curves vs length, over very 
poor ground, average ground and very good ground. As 
indicated above, the gain figures may be a little optimistic, 
a known flaw with NEC-2 for antennas close to the ground. 
From these curves it may seem that maximum usable 
length is determined by the way gain diminishes beyond a 
certain length. This is not important because gain is not an 
important parameter with receiving antennas. 

•	 Directivity: We learned in Sections 1.8 and 1.9 that the 
most important parameters for receiving antennas are 
DMF (Directivity Merit Figure) and RDF (Receiving 

Directivity Factor), as well as the −3-dB main-lobe angle. 
Table 7-24 lists the DMF and RDF vs 20°-elevation-angle 
forward lobe and the −3-dB beamwidth angle shown in 
Fig 7-67 for 80 and 160 meters. Note that these are mod
eled values that assume there is no space diversity effect 
involved. 

•	 Is longer really better? 

It appears that you can build very long beverages (4 to 
5 λ long) and get really superb directivity. Here again, models 
and reality may not always be the same. There is such thing as 
space diversity, which means that wave characteristics change 
with place. As long as you stay within a radius of approxi
mately two wavelengths, this usually does not cause any 
problems. This is the reason why very large arrays and very 
long Beverages, may actually behave differently from what 
the model tells us. “Longer is better” does not hold true for 
Beverages (as for any large receiving array). 

Table 7-24 
80-meter Beverages 

Length Gain −3-dB Angle DMF RDF 
Meters dBi Degrees dB dB 
89 −8.6  90 15.4 9.3 
176 −4.1  59 20.6 13.1 
268 −2.2 43 23.6 15.0 
353 −1.6 35 24.6 15.8 
535 −2.3 26 23.8 15.4 

160-meter Beverages 
89 −15.9 122 11.7 6.5 
176 −10.6 86 16.6 10.1 
268 −7.8 66 21.3 12.2 
353 −36.3 55 21.8 13.6 
535 −4.8 40 24.5 15.3 
710 −4.6 32 24.2 15.6 

Fig 7-68—Gain and elevation angle for a 2-meter high Beverage antenna for 160 and 80 meters, as a function of the 
antenna length. Three curves are shows: over Very Poor Ground (VPG), over Average Ground (AVG), and over Very 
Good Ground (VGG). The radiation angle is computed for Average Ground. This angle only changes marginally 
between Very Poor and Very Good ground. 
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In real life the limit is not imposed by the velocity factor 
of the antenna (see Section 2.2), but by the space diversity. In 
modeling with NEC-based programs losses are definitely 
underestimated, as all Topbanders who have actually mea
sured losses can confirm. But again, losses by itself are not 
really an issue. 

Beyond a length of three wavelengths, little seems to be 
gained, as I have learned from real-life experience. If you look 
at the gain in DMF and RDF beyond three wavelengths, there 
is little to be gained there as well. And since we don’t go by 
gain with receive antennas, we can safely conclude that three 
wavelengths is the maximum we want to use. 

If you want to improve your receiving antenna beyond 
this point, you can go to staggered end-fire phased Beverages 
or broadside phased pairs (see Section 2.16). If you have 
enough space I would recommend a 268-meter long antenna as 
a best compromise for the two bands. This is 1.5 λ on 160 and 
3.0 λ on 80 meters. However, a 176-meter long Beverage (1 λ 
on 160, 2 λ on 80 meters) is quite powerful as well. 

These exact length figures are more symbolic than any
thing else. We will see in Section 2.4.2 that there are no such 
things as magic Beverage lengths. In a nutshell: A length 
between 160 to 270 meters seems to be optimal for Topband. 

If you choose to use 300-meter long Beverages to cover 
all directions, and you want to use them on 80 and 160, you 
have to take into account the HPBW (half-power or −3-dB 
beamwidth) of 40° on 80 meters. This means you need to use 
at least nine Beverages to cover all directions equally well. At 
my QTH I have Beverages ranging from 170 to 300 meters 
long, and I have 12 of these spread out every 30°. 

2.4.2. The “Cone-of-Silence” Length 
Authors looking for F/B optimization as a function of 

antenna length developed the so-called “cone of silence” 
length. We now know that F/B does not mean much unless you 
would want to null out a specific local noise source. What we 
need to evaluate is DMF or RDF. 

The concept of the cone of silence resulted in “sacred” 
Beverage antenna lengths, lengths that were supposedly better 
than others. It appears that the Front-to-Back ratio (geometric 
F/B) goes through maximum values for lengths that are a 
multiple of electrical half-wavelengths. This is logical, since 
it is pure trigonometry. However, the geometrical F/B is not 
very relevant, as explained in Section 1.7. 

If you assess the overall directivity performance (DMF, 
RDF) of a Beverage, you come to the conclusion that there are 
no “special” lengths, provided the Beverage is properly termi
nated. I evaluated the DMFs and RDFs for Beverage antennas 
with lengths varying from 140 to 300 meters, using two 
different termination models: The “perfect model” using two 
T-shaped quarter-wave wire terminations (Fig 7-66C) and the 
“sloping” model, where from the middle of both antenna 
halves slope down to the ground level. 

The results for 1.83 and 3.65 MHz are shown in Table 7-24 
for both sloping-wire and T-termination models. When prop
erly terminated for best F/B, DMR and RDF both increase 
monolithically with length, without appreciable bumps. RDF 
is a fairly linear curve, mostly determined by the forward lobe. 
The terminations varied between 425 and 525 Ω. 

In the DMF curve there seems to be some kind of “wave” 
superposed on the curve, probably generated by the effect of 
the geometric F/B, which is largely undone in the RDF curve 
because of the impact of the forward lobe. We see that the 
wave tops out at about 160 and around 300 meters, which are 
the so-called “cone-of-silence” lengths. 

2.4.3. Influence of Antenna Height 
The general rule is as follows: 

• Higher Beverages produce higher output 
• Higher Beverages have larger side-lobes 
• Higher Beverages have a higher elevation angle 
•	 Higher Beverages have a wider 3-dB forward lobe 

Fig 7-70 shows the elevation and azimuth patterns of a 

Fig 7-69—Three-dimensional radiation patterns for a 353-meter long Beverage antenna. At A, the pattern for 160 
meters, where the antenna is 2 λλλλλ long. At B, the pattern for the same antenna on 80 meters (4 λλλλλ). Patterns generated 
with 4Nec2. 
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Table 7-25 
Performance for 320-m Beverage at Various 
Heights 

1.83 MHz 
Height 1 m 2 m 4 m 6 m 
DMF (dB) 21.6 21.6 20.7 19.4 
RDF (dB) 13.6 13.1 12.4 11.7 
Opt Rterm 450 Ω 500 Ω 525 Ω 550 Ω 

3.65 MHz 
DMF (dB) 23.3 24.2 23.6 22.2 
RDF (dB) 15.2 15.5 15.2 14.7 
Opt Rterm 450 Ω 500 Ω 525 Ω 550 Ω 

Fig 7-70—Elevation and azimuth radiation patterns for 
320-meter long Beverage antenna on 160 meters over 
average ground, for various heights. Solid line = 1 meters; 
dashed line = 2 meters; dotted line = 4 meters; dashed
dotted line = 6 meters. See text for comments. (Although 
the patterns for the different heights are shown together, 
again I want to emphasize the differences in patterns, 
since gain is not important for receiving.) 
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320-meter long Beverage for 160 meters, at various heights 
(1, 2, 4 and 6 meters) over average ground. The horizontal 
pattern was calculated for a 20° elevation angle. The DMF and 
RDF figures for 160 meters are listed in Table 7-25. The 
variation in gain between 1 and 6 meters height is less than 
3 dB on 160 meters. 

What you see in the table is what you’d expect. The 
secondary lobes become more outspoken at greater heights, 
which reduces both the RDF as well as the DMF. The second
ary lobes are present in the front half of the radiation pattern 
as well as in the back half. 

On 160 meters a height of 4 meters seems to be still very 
good, and even 6 meters does not sacrifice much. What about 
using the same antenna on 80 meters? Fig 7-70 shows the 

Fig 7-71—Elevation and azimuth radiation patterns for 
320-meter long Beverage antenna on 80 meters over 
average ground, for various heights: solid line = 1 meter; 
dashed line = 2 meters; dotted line = 4 meters; dashed
dotted line = 6 meters. 
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Fig 7-72—Azimuth radiation patterns for 6-meter high (A) and 1-meter high (B), 320-meter long Beverage at 3.65 MHz. 
The patterns show the total fields (solid lines) as well as the horizontal and vertical components (dotted and dashed 
lines). At the 6-meter height, the azimuth component is in certain directions approximately 10 dB stronger than at 1 
meter high. This broadens the forward lobe. 

story. Amazingly enough even at 4 meters the secondary lobes 
are down almost as much as they are at 1 meter in height, and 
even 6 meters, which is generally considered as being way too 
high for 80 meters, is still a very good Beverage antenna! The 
directivity figures for 80 meters are also given in Table 7-25. 

You have to be careful about extending these model 
findings to real life. The model used in the configuration 
shown in Fig 7-66C uses two λ/4 wires in-line as termina
tions, which means there is no influence from omnidirectional 
pick-up from a vertical or sloping down lead (see Section 2.5.5). 
The high-angle lobes that appear with higher Beverages are 
due to the increasing horizontally polarized radiation compo
nent. Fig 7-72 shows the azimuth patterns (both vertically and 
horizontally polarized components, plus total pattern) for the 
320-meter long Beverage at 3.65 MHz for heights of 6 and 
1 meters. The horizontal component is significantly more 
important at 6 meters than at 1 meter. Fig 7-73 shows the 
whole situation in 3D, with the horizontally polarized compo
nent on the right of the total pattern for 80 meters at the top, 
and 160 meters at the bottom. 

When elevated even higher, the Beverage will start 
behaving like a terminated long wire, not like a Beverage 
antenna. This increased high-angle response of a high Bever
age is often used by those who don’t believe in important path 
skewing, to explain “apparent” path skewing (see Chapter 1). 
Although I don’t deny that reception of high-angle sidelobes 
may cause some confusion at times, the existence of direction 
skewing has been confirmed repeatedly through the use of 
other directive antennas, such as phased arrays, which do not 
have such high-angle secondary lobes. 

If you suspect you are receiving signals from such high
angle sidelobes, you can usually verify this by switching to a 
high-angle antenna, such as a low dipole. As explained in the 
chapter on propagation this often can occur at sunrise or sunset 
(gray-line propagation) or during very disturbed conditions. 

2.4.4.1. Height of Beverage Antennas: Conclusion 
The height is not all that critical. Below 2 meters, Bev

erages can be a hazard for men and animals. If you must cross 
a driveway or small street, you can put your Beverage up to 
6 meters high and still have a working Beverage. You can also 
slope the Beverage gently up from 2 meters to 6 meters to 
cross the obstacle without much harm at all. Tom, W8JI, 
writes on his Web page (www.w8ji.com): “I’ve found very 
little performance difference with height, unless the Bever
age is more than 0.05 λ high.” 

If the Beverage can be constructed on terrain that is 
inaccessible to people, deer and other animals, then you can 
consider using Beverages at a height of 0.5 or 1 meters for 
added high-angle discrimination and reduced omnidirectional 
pick up. All of mine are about 2.2 meters high at the support 
post. Since I use fairly thin wire, mine sag quite a bit between 
the supports (to a height of about 2 meters), but I do seem to 
hear well nevertheless. 

2.4.4. Influence of Ground Quality 
The general mechanism is: 

•	 The better the ground, the lower the output from the antenna 
(around 6 to 8 dB difference between very poor ground and 
very good ground). But even over very good ground Bev-
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Fig 7-73—Top left: 3D pattern for 320-meter long Beverage on 80 meters. Top right: the horizontally polarized compo
nent. Note this is a typical radiation pattern of the many lobes perpendicular to the wire, which we know from (high) 
“long” long-wire antennas. Left bottom: 3D pattern for the same Beverage at 6 meters height. Note the slightly fatter 
and higher forward lobe, and the more outspoken secondary lobes. Right bottom: the horizontal component for the 
same 6-meter high Beverage. Note this component is much more important. (Patterns by 4Nec2.) 

erages have more than enough gain. 
•	 The peak elevation angle changes only slightly with ground 

quality. For example, a 300-meter long Beverage peaks at 
27° over Very Poor Ground. The response at 10° elevation 
is down 3.4 dB from the peak. Over Very Good ground, the 
lobe peaks at 29°, and the response at a 10° elevation angle 
is down 2.8 dB from the peak response. 

•	 The poorer the ground quality, the less pronounced the 
nulls will be between the different lobes. This is similar to 
what we notice with horizontally polarized antennas over 
real ground. 

•	 The directivity factors (DMF and RDF) of a Beverage 
antenna remains almost constant for grounds ranging from 
Very Good to Very Poor. 

•	 The Beverage does not work at all over sea water. Its output 
is down 15 dB compared to the same antenna over poor 
ground and the main elevation angle is at 45°. This con
firms the observations made by Ben Moeller, OZ8BV, that 
his Beverages near the sea never worked well at all. The 
beverages at VKØIR, erected over a saltwater marsh never 
worked either (as I told them would happen!). 
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•	 With good ground, the vertical ends do become much more 
important than over poor ground. 

2.5. Terminating the Beverage Antenna 
I have calculated the directivity patterns for a 160-meter 

long Beverage (over average ground, 2 meters high, wire: 
AWG #12) on both 160 and 80 meters. While the F/B changes 
for a given elevation angle, the RDF and DMF figures remain 
relatively constant, as shown in Fig 7-74, which shows that 
the 3.7-MHz geometric F/B peaks for a termination value 
between 400 and 500 Ω. For thinner wire (#20) these values 
will be somewhat higher. Unless you need to null out a local 
noise or QRM source right off the back of the antenna, the 
exact value of the termination resistance is far from critical. 
Varying the termination resistance just changes the position of 
the notches in the back of the Beverage. See Fig 7-75. 

2.5.1. Beverage Impedance (Surge Impedance) 
Over perfect ground the single wire Beverage impedance 

can be calculated using the formula of the single-wire trans
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Fig 7-76—Characteristic impedance of a single-wire 
Beverage antenna for different conductor diameters and 
different antenna heights. The values are calculated for 
the single-wire feed line equivalent. In practice the values 
can be 10 to 30% higher, depending on the ground 
quality. See text for details. 

ground is not the surface of the ground, but a little deeper. The 
following correction figures can be used as compared to the 
impedance over perfect ground in Fig 7-76. 

•	 Good ground: +12% 
•	 Average ground: +20% 
•	 Very poor ground: +30% 

These termination values are for highest F/B at low 
elevation angle (450 Ω in Fig 7-74 on 80 meters). Very low 
Beverages (BOGs) do not have a very low impedance as is 
sometimes claimed. A BOG on the grass shows about a 300-Ω 
surge impedance because the actual ground is deeper than the 
surface of the soil. 

2.5.2. Determining the Best Termination 
Resistance 

With the correct terminating resistance the antenna cur
rent along the beverage shows no sinusoidal pattern but rather 
it shows an exponential decrease towards the termination (due 
to the attenuation). There are different ways to determine the 
best termination resistance value. The principle with all of 
them is to vary the resistance value for minimum standing 
waves on the antenna. 

Fig 7-74—F/B, DMR and RDF for a 160-meter long 
Beverage antenna (2 meters high, #12 conductor, over 
AVG) terminated in a resistance between 300 and 600 ΩΩΩΩΩ
(for 80 and 160 meters). 

Fig 7-75—Changing the termination resistance of 
160-meter long Beverage from 300 ΩΩΩΩΩ (solid line) to 450 ΩΩΩΩΩ
(dashed line) to 600 ΩΩΩΩΩ (dotted line) on 3.65 MHz merely 
changes the place of the nulls in the back of the antenna, 
and hardly impacts the total directivity (DMF and RDF) of 
the antenna. 

mission line over ground: 

⎛
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⎝
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⎞
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⎠

 

(Eq 7-1) 
• Couple your antenna analyzer to the Beverage transformer 

and tune across the spectrum (for example, from 1 to 
10 MHz). When you do this with the far end open-ended (or 
short-circuited) you will see large swings in impedance or 

Z
=
138 log 

where SWR. The proper terminating resistance is the value for 
h = height of wire 
d = wire diameter (in the same units). 

The theoretical impedance values listed in Fig 7-76 are 
calculated over perfect ground. They are useful for estimating 
the terminating resistor for a single-wire Beverage and for 
designing matching transformers and networks. Note that the 
impedance does not change drastically with height or wire 
size. 

Over real ground the surge impedance appears to be 
higher than over perfect ground. This is because the electrical 

which the variation in impedance or SWR is least when 
tuning across the entire spectrum over which you want to 
use the Beverage. In this exercise the termination should 
not be adjusted to achieve the best SWR, but rather the 
flattest SWR curve. 

•	 Excite the antenna with a small signal, and measure the 
current along the antenna with a clamp-on RF current meter 
or RF voltage meter. Adjust the termination resistance 
until the voltage or current has a uniformly smooth taper 
towards the far end (typically 25% to 50 % depending on 

Receiving Antennas 7-51 



Chapter 7.pmd	 52 2/18/2005, 9:25 AM 

ground quality and antenna length). 
•	 Using your antenna analyzer, measure the feed-point im

pedance across a range of frequencies (perhaps 1.5 to 
3 MHz) and note the lowest (Zmin) and the highest imped
ance value (Zmax). The Beverage surge impedance is then 
given by: 

=ZBev Zmax × Zmin 

•	 Measurements methods making use of a field-strength 
meter are useless, since pretty much all measurements are 
done in the induction (near) field, unless extreme care is 
taken! 

Whichever method you pick, when the impedance (or 
SWR) remains constant as frequency is varied the antenna is 
properly terminated. A very small impedance change with 
frequency results in the best F/B at low elevation angles. Do 
not forget, however, that RDF and DMF are generally much 
more important than F/B and are hardly influenced by the 
value of termination resistor (see Fig 7-74). 

2.5.3. Inductive and Capacitive Load Terminations 
Take the example of a 200-meter long Beverage (2 meters 

high, over AVG ground, #20 wire) terminated in a resistor 
giving the best F/B: 525 Ω yields a 20-dB F/B. If you termi
nate the Beverage in a complex impedance of 475 + j 125 Ω, 
you obtain a much higher F/B, as Fig 7-77 and Table 7-26 
show. Let’s analyze the DMF and RDF for both cases: 

Looking only at the F/B clearly leads us to the wrong— 
or rather to an incomplete—conclusion. All you do by chang
ing from a resistive value to a complex load, is to move the 
nulls around in the back of the antenna, but that does not 

Fig 7-77—A complex termination impedance can be used 
to move the notch in the back of the antenna around 
(dashed line). It hardly affects the overall directivity (DMF 
and RDF) however. 

7-52  Chapter 7 

Table 7-26 
DMF and RDF for Resistive and Inductive 
Terminations 
Termination DMF RDF F/B 
525 + j 0 Ω 17.5 dB 10.7 dB 20 dB 
475 + j 125 Ω 17.2 dB 10.6 dB 44 dB 

significantly influence the global directivity (RDF or DMF) of 
the antenna. 

Unless you want to use your Beverage for nulling out one 
specific noise source in a very specific direction, the complex 
termination impedance has little or no added value. When you 
use such a complex termination the Beverage becomes a 
single-band antenna, and you will have to switch loads for 
different bands. The only sensible application for inductive 
terminations is with very short Beverages less than 0.5 λ long 
(see Section 2.13). 

2.5.4. Ground Requirements at the Far End 
(Termination End) 

If you have real soil (not rock), the ground system can 
consist of a ground rod. The RF resistance of the ground 
system at the far end (termination end) of the Beverage does 
not have to be very low, since even high ground resistance is 
effectively in series with the terminating resistance. A 1.5 meter 
(5/8-inch OD) copper clad steel rod will have an RF ground 
resistance ranging from ~50 to ~300 Ω depending on ground 
quality. We have seen that the termination resistor value is not 
critical (see Section 2.5). Let’s assume you need a 425 Ω total 
termination resistance and that your ground rod is 100 Ω. You 
would require 325 Ω as a termination resistor. In most situa
tions where you use a single ground rod, the actual resistance 
value of the termination will likely be 250 to a maximum of 
400 Ω. 

Do you want to know the RF ground resistance for the 
single ground rod at your particular QTH? Drive one rod in the 
ground, plus three more at about 2 meters distance around the 
first rod. Attach eight 25-meter long equally spaced wire 
radials to the ground system. Now you have a pretty decent 
ground of 20 Ω or better. Apply one of the procedures outlined 
in Section 2.5.2 to determine the optimum termination resis
tor value. Note this value (say, 415 Ω). Remove (not just 
disconnect) the radials and the extra three ground rods, and 
repeat the same procedure. Note the new value (for example, 
300 Ω). The single ground rod RF earth resistance is thus: 415 
+ 10 – 300 = 125 Ω. 

Where ground conductivity is really bad (Ref 1260) or 
where you cannot drive in a sufficiently long ground rod, the 
resistance of a single ground rod may actually be higher than 
the required terminating resistance. In that case you can install 
multiple ground rods, combined with a number of short 
radials, to bring the resistance down to an acceptable value. 
Do not use one or two long radials, but rather a large number 
of short radials forming a capacitance to earth. This was 
confirmed on the Internet by Greg, ZS5K, who wrote: “With 
my 800 ft Beverage, I have found it desirable to have more 
than one rod, and use more inserted resistance, so that the 
total termination resistance is less dependent on the weather. 
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I have found that with only one rod, things change quite 
noticeably with the seasons.” 

At the receiving end of the Beverage you should pay a 
little more attention to the ground system. This is explained in 
Section 2.8. 

2.5.5. Vertical Down-Lead, Sloping Beverage or 
Quarter-Wave Terminations 

A common way of terminating the single-wire Beverage 
is to connect the proper terminating resistor between the end 
of the Beverage and the earth. The systems using quarter-wave 
terminations (see Fig 7-66C) is only a good solution for 
modeling a Beverage. The reason is that these two quarter
wave wires (in-line), over real (not perfect) ground, with 
varying ground characteristics along their length, will pick up 
signals themselves. In a transmitting model they would radi
ate. The mechanism is similar to the one described in Chap
ter 9 dealing with low elevated radials and radiation from 
these radials. 

Over the years, some have attributed magic properties 
to sloping terminations, since the vertical component of the 
down lead supposedly disappears. Many of us slope the 
beverage wire down from its nominal height to a ground stake, 
where the termination resistor is attached between the sloping 
antenna end and the ground. The ground stake serves two 
purposes, it is the electrical ground and the anchoring post for 
the Beverage wire. 

There is nothing wrong by doing this, but such a sloping 
wire does not pick up fewer signals than a vertical wire of the 
same height. It doesn’t matter whether you slope the last 
20 meters of the Beverage or continue 18 meters of it horizon
tal and run 2 meters straight down. Either way you have 
2 meters of vertical distance. A vertically-polarized wavefront 
arriving from the side will see only the 2-meter high vertical 
component of the sloping end, the same as with a straight 
vertical wire. 

The best proof that a sloping wires works like a vertical 
wire is the fact that a Pennant antenna (or Delta-shaped loop; 
see Sections 3.4 and 3.5) works. The Pennant, despite having 
one end sloped and one end vertical, has nearly identical 
vertical sensitivity from both ends. This clearly proves that the 
sloped wire behaves almost exactly like a vertical of the same 
height, or else the Pennant would have a 0-dB F/B ratio. 

Tom, W8JI explains: “The vertical end-coupling of Bev
erages is a mostly non-problem that has been over rated, and 
the “cures” are mostly non-cures for a non-problem. One 
way to look at it is six feet of vertical drop is “six feet” of 
vertical drop, no matter how the “six foot drop” is spread 
around, and that isn’t any big deal when the antenna is 
several hundreds of feet long. If that isn’t reason enough not 
to worry, the entire antenna responds to vertical signals 
anyway...especially on groundwave!! 

Second, it is physically and electrically impossible to 
“shield” the vertical end lead no matter what scheme you 
employ. The antenna MUST always have the same net com
mon mode current flowing to earth over the vertical lead 
distance to ground. The only way possible to prevent that 
effect is to move the entire ground system up to the element 
height, and that means work with a bulldozer making a large 
mound or installing a large counterpoise hanging in the air at 
antenna height. Only those options can prevent common 

mode current from flowing to earth! 
Some Beverage books will give you the idea that a 

particular scheme does something to “shield” the vertical 
end wire, but it does not. On the outside of the tubing, we 
would measure exactly the same common-mode current as the 
end-current in the antenna. The vertical wire carrying cur
rent in the center of the tube induces an exactly equal oppos
ing flow on the wall, that spills over at the open end and flows 
down the outside of the tube. Not that it matters, since that 
radiation is generally insignificant.” 

John, K9DX, did a well-controlled test to assess the 
difference between sloping terminations and terminations 
with a vertical down lead. He put up two widely separated 2-λ 
Beverages in parallel. The reference one had two in-line 
quarter-wave radials, which precluded any omnidirectional 
pick up. With this reference antenna a transformer with mini
mum capacitive coupling was required, since the antenna was 
now ungrounded. A binocular core transformer (see Fig 7-86) 
provided 30 dB of isolation. 

The test antennas had either long sloping ends or simple 
vertical down leads. John concluded from extensive testing 
that there was absolutely no difference at all between sloping 
and vertical feeds. Shielding the vertical down lead also does 
not work. Fig 7-78 shows the professional manner in which 
K9DX treats his sloping Beverage terminations. 

All in all, John came to the conclusion that: “… the 
vertical feed, as poor as it is, seems to hear as well as the 
raised feed. The noise picked up by the beverage in an omni
directional noise environment appears dominated by the 
front lobe. If you want better signal to noise, reduce the 
beamwidth. Going from 15 to 30 dB off the sides or back 
won’t do much.” All of this is, of course, considering “noise” 
coming in equal strength from all directions, and you’re not 

Fig 7-78—Sloping down lead termination for one of the 
Beverages at K9DX. Big 4 ××××× 4-inch wooden poles are 
used as end posts, taking the stress of the copperclad 
steel Beverage wires. The supports along the Beverage 
are 1.5-inch plastic pipes slit over a rebar driven into the 
ground. 
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trying to reduce QRM and noise from a particular direction. In 
quiet location, such as at K9DX and W8JI, noise is evenly 
distributed in all directions and at all angles. Under these 
circumstances looking at the RDF is much more important 
than looking at nulls in specific directions. This does not mean 
that you cannot experience a tremendous improvement by 
going from 15 to 30-dB F/B. In other real-life situations where 
most of the noise is coming from the back—such as in Western 
Europe where most of the QRM, splatter and clicks, come 
from the east. 

The sloping termination has been a subject of discus
sions and opinions for a long time. Let me add mine. Whether 
or not you use a perfectly vertical or a sloping termination 
wire, these wires pick up vertically polarized waves from all 
directions. We can envision in a Beverage with the two 
vertical termination wires separated by a number of half 
waves (considering the velocity factor of the antenna), the 
signals induced on both verticals will be out-of-phase when 
arriving at the receiving end. This may lead to so-called 
optimum lengths, where the ill effects of the vertical down 
leads are partially annihilated. (There still is the loss in the 
Beverage as a transmission line resulting in incomplete can
cellation). 

This only works in one direction, and for the 180° 
example given, assumes a wave angle coming at right angle to 
the Beverage. (The signal arrives at the two verticals in-phase, 
and will be added out-of-phase because of the delay in the 
Beverage acting as a transmission line.) So in this particular 
case the front-to-side ratio would be improved. For other 
lengths of Beverages, other directions will be nulled out. In 
other directions the noise may add and the directivity may go 
down. The canceling mechanism works along the same prin
ciples explained in Section 1.6. 

Sloping ends can be considered as a number of short 
verticals, placed in slightly different locations (along the 
sloping end) so we cannot really talk about a single separation 
distance between the two sloping ends—It is smeared out. If 
you now use a Beverage that consists only of sloping ends (one 
central high post and two sloping wires, each being half the 
length of the vertical), you will have the disturbing effect of 
many very small verticals spread all along the Beverage. 
Depending on the direction of the noise, the contributing 
EMFs may add or subtract, and in a long Beverage all of this 
happens at the same time. The net effect is a general, small 
decrease in the overall directivity in all directions, without 
creating any specific nulls or maxima for any particular 
direction. I use this Beverage model (I call it the inverted-V 
shaped Beverage) when modeling Beverage arrays (Sec
tion 2.16) and find that the directivity patterns are very similar 
to those modeled using the T-terminations with two λ/4 in
line radials (Fig 7-66C). 

If you add the above reasoning to the sensitivity analysis 
done by W8JI, you can conclude that whereas vertical feeds in 
almost all cases are not a real problem, long sloping ends 
because of the phase distribution are even better. Long sloping 
terminations can indeed help reduce the ill effects of the 
vertical distance involved in the down leads. 

By using Beverages in a broadside or end-fire array 
configuration, the effects of vertical down leads can also be 
greatly compensated (see Section 2.16.3), at least for specific 
directions. A broadside/end-fire is even better. 
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2.5.6. Adjusting the Termination for Best F/B 
Unless you want to null out a specific noise source that 

is present all the time, it makes no sense to tune a Beverage 
antenna. By adjusting the termination impedance (either as a 
pure resistor or as a complex impedance as explained in 
Section 2.5) you can put a null right in the direction of the 
noise source. The adjustment of the terminating impedance 
can easily be done using a small signal generator with a small 
whip antenna. This should be placed outside the near field of 
the antenna, a minimum of 2 λ from the far end of the 
Beverage. 

For nulling out a local noise source, you will have to put 
the notch at close to a 0° elevation angle. Fig 7-79 shows the 
radiation pattern at a 1° takeoff angle for a 200-meter long 
Beverage. The notch at exactly 180° results from a termina
tion impedance of 525 + j 115 Ω. The notches at 135° and 225° 
(±45°) were obtained with a termination resistor of 500 Ω. 
This simple method allows us to move the notch (at a 1° 
elevation angle, which is ground wave) around over a total 
angle of 90°. 

I must say, however, that using a second noise-sampling 
antenna and a noise canceller (as described in Section 1.35) is 
usually a simpler and better solution to the problem of elimi
nating a noise from a fixed source in the neighborhood. You 
will only eliminate the local noise and not all the signals 
coming from the direction of the noise, because the small pick
up antenna will not hear them well enough. 

2.5.7. Terminating Resistors 
The termination resistor must be a low-inductance resis

tor, which means that it cannot be a wire-wound resistor. In 

Fig 7-79—With an inductive termination (resistor + coil, 
shown with dashed line) we can move around the notch 
angle at 1°-elevation angle to suppress a local noise 
source arriving by ground wave. Response with just a 
resistive termination is shown by solid line. 
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principle, any wattage will do but if you have a Beverage close 
to a transmitting antenna (which is bad), you may want to use 
a few 1 or 2-W resistors in parallel. I use a single 2-W resistor 
and have never seen one discolored or burned up. If they do 
burn up, you either have your Beverages much too close to 
your transmit antenna or you run excessive power—or light
ning has been causing such problems. 

Any type of resistor can be killed by a long-term 
overload. In some areas, where lightning is frequent, inap
propriate types of terminating resistors easily get blown out 
by lightning. Metal-film or carbon-film resistors are not 
good since they cannot withstand short overloads. Old type 
carbon-composition resistors are excellent, but they are 
difficult to find nowadays. Metallic-composition resistors, 
like standard Ohmite OX or OY resistors, (www.ohmite.com/ 
catalog/ox_oy_series.html) will do the job as well. AB 
(Allen Bradley) still manufactures carbon-composition re
sistors but they are expensive when bought new 
(www.welbornelabs.com/ab.htm). K9DX uses a large fuse 
and clip for quick replacement when his terminating resis
tors are destroyed by lightning. See Fig 7-80. 

2.5.8. Lightning Protection 
If you live in an area with a high thunderstorm occur

rence, the use of carbon-composition or metallic-composition 
resistors is a must. You can add further protection with small 
gas-discharge tubes connected across the resistor, or even by 
putting a pair of homemade small air-gap electrodes across the 
resistor. Riki, 4X4NJ, described such a homemade spark gap: 
“The spark gap consists of heavy solid wires—about 10 AWG, 
soldered to teardrop terminals that are placed under the 
screws going to the antenna and ground. The ends of the wires 
are cut with “side cutters” leaving a nice “knife edge,” and 

Fig 7-80—K9DX uses a fuse clip and parallel carbon 
resistors soldered across a (blown) fuse. This makes 
replacement, in case of lightning strike destruction very 
easy. 

I position the two edges very close to each other. A piece of 
paper makes a nice “feeler gauge” for this purpose. It is very 
effective, most simple, and negligible cost.” 

Bill, KØHA reported using “Taiwan Semiconductor’s 
SRYH-90L gas tube surge voltage protectors (the $1.85 CATV 
model, with high current capability)” for the same purpose. 
DX Engineering (www.dxengineering.com/) sells high surge 
energy terminations. 

2.6. Beverage Wire 
A Beverage is a lossy antenna. There is no point in 

striving for the lowest possible conductor loss. Any type of 
wire that is mechanically suitable should do the job. I have 
used bare copper wire, enameled copper wire, PVC-insulated 
copper wire, with the copper having a diameter anywhere 
from 0.6 to 1 mm on my Beverages. 

Soft-drawn copper wire cannot be tensioned to any great 
degree without stretching and it is not suitable for very long 
unsupported spans of wire. If you don’t mind using many 
supports, however, soft wire may be used for the antenna. I use 
soft-drawn single strand copper wire of 1.0 mm OD (#18 
AWG) for my winter-type Beverages, where the bamboo 
posts are separated by approximately 20 meters. 

For permanent Beverages separated by distant posts I use 
bronze- and copper-clad steel wire (1.6 mm OD, #14), which 
makes it possible to cover 100-meter stretches without inter
mediate posts. I pull this tight with approximately 45-kg 
tension. Copper-clad steel is good, if you can get hold of it. 

Insulated wire is potentially better than a bare conductor 
when the antenna wire touches branches or brushes against 
leaves in the wind. On the other hand, insulation may hide a 
broken conductor, unless the antenna wire is under significant 
tension. 

Some people have used surplus telephone-pair wire. This 
wire is often available at hamfests. Don’t try to separate the 
wires, just connect them in parallel at both ends. Using a pair as 
a Beverage has the advantage that you can check continuity 
from one end using an ohmmeter. All connections must be 
soldered, preferable with silver solder. Common Sn/Pb solder 
rots away after years in the outdoors. If you use regular 60/40 
Sn/Pb solder, cover the solder joints with liquid rubber or a 
dollop of Vaseline. 

Long Beverages made of thin soft-drawn copper wire can 
stretch in high wind. A solution is to use a well-tensioned 
bungee cord at the end of the Beverage. 

Aluminum wire is widely used as electric-fence wire and 
makes for excellent Beverage wire. It is lightweight and 
strong and readily available from outlets selling farming 
equipment. It is commonly available in diameters from 1.15 mm 
(#17) to 1.65 mm (#14). See for example www. 
tippertie.com/fencing/neverrust.asp. 

Earl, K6SE, uses galvanized-steel wire. Earl claims that 
the use of this high-loss resistance wire improves the F/B, since 
the signal from the reverse (unwanted) direction now travels 
down the lossy wire twice to reach the receiver—once toward 
the terminated end and then whatever signal is reflected from 
the termination must travel down the wire again toward the 
receiver. Signals coming from the forward (desired) direction 
must travel down the lossy wire only once. 

Tom, W8JI, rightly points out: “Steel fence wire would 
aggravate losses that already limit the benefits of using long 
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Beverage antennas. In a very long antenna, the small addi
tional loss of steel fence wire might slightly reduce perfor
mance.” 

Please remember that one of the most important consid
erations in the selection of wire for a Beverage is mainte
nance! 

2.7. Supports, Poles, Insulators and Other 
Hardware 

You can use any convenient support for a permanently 
installed Beverage: tree trunks (use nail-type electric-fence 
insulators), wooden poles, metal posts, plastic tubes, etc. 
Electric fence hardware is cheap and suits the purpose. I 
always use the in-between posts only to support the wire, 
letting the wire freely slide through an insulator. This way 
tension will equalize in all stretches between supports, and if 
at one place the copper wire is stretched by accident this will 
smooth out over a longer stretch of wire. 

If the wire breaks you will also see it at any point along 
the antenna. A long piece of wire is also much more difficult 
to break. Soft copper will typically stretch 25% before break
ing! If someone accidentally walks into a taut, short span of 
wire, he will likely break it and may hurt himself. 

A long span of wire will stretch without breaking and not 
hurt the “offender.” Many Beverage users only put them up 
during the winter, when they can use their neighbors’ land for 
the purpose. I have a good neighbor who is a farmer and who 
lets me use about 20 acres from the end of October to the end 
of March every year. I use 2.4-meter long bamboo sticks and 
support the wire in a simple loop made of electric tape. I do not 
wrap the Beverage wire around the stick, or around branches. 
This creates an inductance, which should be avoided, and it 
prevents the wire from freely moving. Bamboo supports are 
cheap ($25 per 100 at wholesale garden outlets) but do a 
wonderful job (see Fig 7-81 and 7-82). They last about four 
years before they rot at the bottom. 

If you don’t like the plastic tape loop, you can also slide 
a 10-cm long piece of 5/8-inch plastic tube over the top of the 
stick. Fix it with some electric tape. Make a slit in the tube with 
a hack saw, and just drop the wire into the slit. The same 

Fig 7-81—2.4-meter long bamboo sticks are used to 
support the wintertime Beverages at ON4UN. This picture 
shows heavy ice-loading on the antenna, which makes 
the antenna visible. 
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Fig 7-82—Method 
for affixing the 
Beverage wire on 
the bamboo stick, 
using a loop made 
of electrical tape. 

Fig 7-83—K9DX 
uses 1.5-inch 
plastic pipe for his 
Beverage wire 
supports. A 1-cm 
deep slot in which 
the Beverage wire 
is dropped is made 
in the pipe using a 
hacksaw. 

technique can be used when using slit 1.5-inch PVC pipe fitted 
over a rebar driven in the ground. (See Fig 7-83.) 

I have a big box with old-fashioned egg-type ceramic 
insulators, with two holes. These are excellent for end-type 
insulators. If there is a lot of tension on the wire (in a 
permanent installation using copper-clad or bronze wire) be 
careful selecting plastic insulators. Some very thin plastic
compression insulators will actually cold-flow and allow the 
wire to pass through the insulation. Heavy-walled ceramic egg 
insulators are much more reliable. 

2.8. Feeding the Beverage Antenna 
In Section 2.5.1 I discussed the surge impedance of a 

Beverage. The Beverage feed system transforms the antenna 
impedance to the transmission-line impedance (usually 75 or 
50 Ω) and transports the received signals to the receiver. The 
entire feed-system can be broken up into three parts: 

• The feed-point transformer 
• The antenna ground 
• The feed line 
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The technical issues involved are: 

• Good impedance matching 
• Low loss 
• Good common-mode suppression 

2.8.1. The Beverage Feed-Point Transformer 
The easiest way to match the Beverage (typically 450 to 

600 Ω) to common coaxial cable (50 or 75 Ω) is to use a 
wideband transformer. Such transformers are usually wound 
on magnetic-material cores and the most common shapes of 
the cores used are the toroidal core and the binocular core. 
Such transformers are commercially available from various 
sources but can easily be homemade for a fraction of the price 
of commercial units. 

2.8.1.1. Core Material 
Several core materials can be used for this job. First of 

all, don’t use just any core you find in your scrap box. 
Transformation ratio or SWR is not the only issue. I have seen 
transformers that showed a perfect SWR with the secondary 
terminated with 450 Ω—but they also exhibited a prohibitive 
loss of about 5 dB! 

You can generally distinguish between two types of core 
material used at RF: powdered iron and ferrite. Ferrites have 
much higher permeability (up to 10,000) than powdered-iron 
materials (only up to 100), but ferrites are less stable at higher 
frequencies and saturate more easily. For wideband trans
formers used for receiving Beverages, ferrite cores are the 
most logical approach. 

Another distinction you have to make is between a 
transmission-line type transformer and a regular transformer. 
Core materials that are excellent for transmission-line-type 
transformers are not necessarily the best for a regular trans
former. 

What is a transmission-line type transformer? 
The transformers where we wind two, three or more 

wires in parallel to make sections of a transformer are trans
mission-line transformers. See Fig 7-84A. With transmis
sion-line transformers, the core material loss tangent isn’t 
critical. All we want is a high impedance. 

What is a regular transformer? 
Regular transformers are transformer where the primary 

and secondary are wound as separate windings on the core. 
They can be heavily coupled (one winding on top of the other) 
or wound to have minimum capacitive coupling by winding 
them on opposite sides of a toroidal core. With this type of 
transformer, loss tangent does become a factor. Regular trans
formers rely on magnetic coupling, while transmission-line 
transformers do not. 

The more isolated the windings, the more critical the loss 
tangent becomes. This means that the loss-tangent issue is 
especially important with transformers where primary and 
secondary are separated to obtain minimum capacitive cou
pling. 

Various ferrite-core materials have been used for Bever
age transformers: Type-77, 75, 73, 43 and 71 materials are the 
most commonly used grades. The 77, 73 or 43 materials will 
require a smaller number of turns. Fewer turns reduces 
unwanted coupling from primary to secondary (in a non-

Fig 7-84—The transmission line transformer (A) consists 
of three parallel-wound wires, equally spaced across a 
toroid core. The proper connecting scheme (B) is shown 
for a 9:1 impedance transformation ratio. The enameled 
copper can be securely fixed to the core using tape or 
Q-dope. Antenna currents (C) on the outside of the feed 
line (acting as a sort of “on the ground Beverage” are 
routed into the inside of the coax via the common ground 
resistance and via the low-Z link of the transformer. 

transmission-line type of transformer), but they saturate at 
high signal levels. They also work much better at higher 
frequencies, making the Beverage useful at 7 MHz or higher. 

For decades I have used Ceramic Magnetics MN8CX 
high-permeability cores and I have not had a single failure or 
complaint. More recently I have become an enthusiast for the 
binocular-core transformers recommended by W8JI. These 
use type-73 material (see Section 2.8.1.3) and are much easier 
to wind than toroidal transformers. 

2.8.1.2. Core Shape 
Most Beverage transformers are probably wound on 

doughnut-shaped toroidal cores, although W8JI has been able 
to break the trend with his binocular cores. So far as the size 
of toroidal cores is concerned, 0.5-inch cores or smaller will 
do the job if the builder is not tempted to transmit with too 
much power on the Beverage. 

I made several transformers using various types of cores 
and thoroughly tested them for insertion loss and SWR band-
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Table 7-27 
Manufacturer’s Part Numbers for Toroid Cores 

Core Type Turns 
MN8CX (doughnut) 4 
FT50-75, FT82-75, FT114-75 (doughnut) 8 
FT50-43, FT82-43, FT114-43 (doughnut) 8 
Fair-Rite Products 2873000202 (binocular) 2 or 3* 
*1 turn=2 passes 

width. Table 7-27 lists the required number of turns for a 50
or 75-Ω windings. This means that a 9:1 transformer made on 
a MN8CX core requires four turns for the primary; the Fair-
Rite binocular requires two or three turns (six passes) for a 
low-Z primary. 

W8JI highly recommends using type-73 material for 
receiving applications between 1 and 30 MHz. This material 
minimizes the turns count required, without introducing 
excessive loss. You can find a very thorough discussion on the 
subject of balun and transformer core selection on W8JI’s 
website: www.w8ji.com/. 

2.8.1.3. Winding Your Own Transmission-Line-
Type Transformers 

The Beverage and its feed coax are both unbalanced, so 
you can wind a transmission-line transformer using a trifilar 
winding. This gives a 9:1 impedance transformation to 50- or 
75-Ω coax, which works well for Beverages mounted at the 
usual heights. 

The schematic and the winding information for a 9:1 
wideband transmission-line type transformer is shown in 
Fig 7-84. Note that the ground for both the coaxial feed line 
and the antenna are connected together in this transformer. 
The antenna and the feed line thus use a common ground, 
although this is often not the best configuration. 

Refer to Table 7-28, which shows winding information 
for some common core materials and toroids. The same num
ber of turns can be used for 50- or 75-Ω system impedances. 
Data are given for the frequency range 1.8 to 10 MHz. 

Table 7-28 
Alternative Core Suppliers 
Type Alternative Supplier and Code 
Fair-Rite Binocular Amidon BN 73-202 
2873000202 Ameritron 412-5250 
Amidon FT50-75 Fair-Rite 5975000301 

Ferroxcube 768T188/3E2A 

Amidon FT82-75 Fair-Rite 5975000601 
Ferroxcube 846T250/3E2A 

Amidon FT114-75 Fair-Rite 59750001001 
Ferroxcube 502T300/3E2A 

Amidon FT50-43 Fair-Rite 5943000301 
Ferroxcube 768T188/3D2 

Amidon FT82-43 Fair-Rite 5943000601 
Amidon FT114-43 Fair-Rite 59430001001 
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Winding such a transformer is not difficult and the 
binocular is particularly easy. Take three lengths of 0.4-mm 
enameled wire (#26 or #28 AWG) and twist them together 
with a pitch of approximately two or three turns per cm. Use 
a small, variable-speed drill to get an even twist. Fix one end 
of the wires in a vice and the other end in the head of the drill. 
Make sure the tension in the three wires is identical and that 
the three wires run perfectly parallel (no wire crossings!). If 
you have access to enameled wire in different colors, then the 
task of identifying the wires is easy. Otherwise you will have 
to scrape off (or burn off) some insulation material and 
identify the three wires with an ohmmeter. Connect the wires 
exactly as shown in Fig 7-84. After soldering, cover the 
soldered wires with some shrink sleeving. 

In the past I used mainly single MN8CX cores, as well as 
two stacked MN8CX cores, for my Beverage transformers. 
See Fig 2-85. Table 7-28 lists alternate core suppliers and 
Table 7-29 shows the insertion loss and the SWR for trans
mission-line type transformers made with different types of 
cores. The measurements were made using an Rhode and 
Schwartz Network analyzer. Insertion loss was measured 
using two transformers back-to-back. 

W8JI tested his binocular transformers (a single Fair-
Rite Products 2873000202) using several methods and quoted 
a 0.45 dB insertion loss at 1.8 MHz, which is roughly the same 
as what I measured for a single MN8CX core. In previous 
sections of this chapter I have repeatedly said that gain of a 
receiving antenna is not the real issue. If you want to continue 
this logic, you should not start a good-better-best discussion 
over hundredths of a dB! 

What is one turn? With toroidal cores you count one turn 
each time the wire goes through the core opening. A binocular 
core has two holes. See Fig 7-86. A wire though one hole is 
one pass. One complete turn is thus two passes through a 
binocular core. If you thread the wire in through one hole and 
bring it back through the other hole, you have one turn. With 
a binocular core the classic 9:1 Beverage transmission-line 
transformer can be wound with three turns of trifilar wire, 
connected as shown in Fig 7-86A. 

You should insert two short pieces of thin-wall insula-

Fig 7-85—9:1 transmission-line Beverage transformers. 
From left to right, FT82 size core, two stacked MN8CX 
cores, FT114 core and FT50 core. Twisted wires were 
used on the smaller cores, while three parallel conduc
tors were used on the larger cores. 
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tion tubing that fits the ID of the binocular holes.
Table 7-29 This will prevent the enameled wire from damage
Transmission-Line Transformers With Different Cores scraping against the walls of the core.
Type	 1.8 MHz 3.65 MHz 7.1 MHz 
[A]	 Insertion Loss (dB) 0.50 dB 0.45 dB 0.45 dB 2.8.1.4. Transformers With Isolated 

SWR < 1.1 <1.1 < 1.1 (Separate) Grounds 
[B]	 Insertion Loss 0.25 dB 0.25 dB 0.25 dB There are many circumstances when it isSWR	 < 1.1 < 1.1 < 1.1 

advisable to use a transformer with split primary
[C]	 Insertion Loss 0.28 dB 0.20 dB 0.18 dB and secondary windings. The outside of the coaxialSWR	 < 1.1 < 1.1 < 1.1 

feed line acts as a very low (on the ground) lossy
[D]	 Insertion Loss 0.20 dB 0.21 dB 0.28 dB long-wire. This is an unterminated Beverage, re-SWR	 < 1.1 < 1.1 < 1.1 

ceiving signals and noise from directions other
[E]	 Insertion Loss 0.3 0.3 0.35 than those you are interested in. These signalsSWR	 < 1.1 < 1.1 < 1.1 

cause currents to flow on the outside of the feed
[A]: Single MN8CX core (3 × 4 turns) 
[B]: Stack of 2 MN8CX cores (3 × 4 turns) line (Itot), which can be fed into the inside of the 
[C]: Single FT114-43 core (3 × 8 turns) feed line through coupling via the common Earth 
[D]: Single FT114-75 core (3 × 8 turns) resistance (I1, I3) as well as via the low-Z winding
[E]: Fair-Rite binocular 2873000202 (3 × 3 turns, equivalent to 3 × 6 passes) of the transformer (I2). See Fig 7-84C. 

This is a common cause of spurious signal 
and noise reception, especially if long feed lines 
are involved. To prevent this, the Beverage and 

the coaxial feed line should be connected to different, well
separated grounds. This requires a transformer where the 
primary and the secondary grounds are galvanically isolated 
and where they exhibit the least possible capacitive coupling. 

(B) 

Using a transformer with a common ground requires a 
very low ground-resistance (not just a single ground rod) and 
a common-mode choke of some kind along the feed line. A far 
more effective way to reduce the common-mode coupling 
between primary and secondary to a minimum is to reduce the 
stray capacitive coupling between primary and secondary as 
much as possible. A transmission-line type transformer using 
the twisted wire method shown in Fig 7-84) with very tight 
coupling between primary and secondary is not the best 
solution in this respect. 

Winding the primary and the secondary of a non trans
mission-type transformer on the opposite sides of a doughnut
shaped toroidal core will result in minimum capacitive coupling 
(Fig 7-87). This type of transformer has slightly more losses 
than the transmission-line type transformer and has a poorer 
high-frequency insertion loss because of the decreasing mag
netic coupling efficiency of ferrite as the frequency increases. 

Fig 7-87—Trans
former with separate 
grounds and mini
mal capacitive 
coupling.

Fig 7-86—At A, correct way to count turns through a 
binocular-shaped core. At B, photo of finished trans
former using binocular core (Fair-Rite Products 
2873000202). Here, two turns were used for the low-Z 
primary and six turns for the high-Z secondary. 
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On a classic toroidal core you can also wind separate 
primary and secondary windings, one on top of the other. This 
will ensure maximum coupling (and hence least loss) and 
better bandwidth, but also results in higher inter-winding 
capacitance. 

A binocular core does not leave you a choice of winding 
techniques. The winding procedure shown in Fig 7-86 uses 
separate primary and secondary windings, but it is not pos
sible to wind them in a specific way to minimize inter-winding 
capacitance. Tom, W8JI, wrote on this subject: “As for spac
ing the windings or using a Faraday shield, neither are 
necessary or useful. I have typically measured about 
10 pF or less of capacitance with one winding laid directly 
over the other. That is more than 9k-ohms of leakage reac
tance, and that would easily put any common mode well into 
the Beverage’s noise floor.” 

The Fair-Rite Products 2873000202 binocular core (type
73 material) requires only two turns (four passes) to three 
turns (six passes) for a low-Z winding (see Fig 7-86), so 
capacitive coupling is low. Four turns give marginally less 
loss on 1.8 MHz (a difference less than 0.1 dB, not worth 
worrying about), but a little more loss at 30 MHz, which is not 
really a worry either, since Beverages are not often used at 
30 MHz. More turns means more capacitive coupling 
between primary and secondary. 

Table 7-30 shows recommended winding data for 
binocular cores for various impedance transformations. W8JI 
addresses the issue of reception of noise and spurious signals 
due to common-mode problems in detail on his website 
(www.w8ji.com). Refer to Fig 7-88 for how to connect this 
type of transformer to the feed line and to the antenna. 

2.8.1.5. Checking Your Transformer’s 
Performance 

After winding a transformer it’s a good idea to check its 
performance. Connect a 450-Ω non-inductive resistor (a 
small metal film will do) across the secondary and check the 
impedance or SWR using a Noise Bridge or an antenna 
analyzer (or still better yet, a Network Analyzer). With a well
made transformer the SWR should be less than 1.2:1 from 1.5 
to > 10 MHz. 

W8JI describes another testing procedure: “Terminate 
the transformer with a resistor twice the normal secondary 
resistance and measure the SWR. Repeat with 1/2  the normal 
resistance. The SWR should be 2.0 ideally. Multiply the two 
SWR reading together and take the square root, if it comes out 
close to 2, you have a pretty good transformer.” 

You can easily evaluate the insertion loss of a homemade 
transformer. Build two identical transformers and connect 
them back-to-back. Insert the back-to-back configuration in 

Table 7-30 
Winding Binocular Cores 
Passes Passes Primary Z Secondary Z 
Primary Secondary Ω Ω 
4 10 75 450 
6 16 75 533 
4 12 50 450 
6 20 50 550 
Using Fair-Rite Products 2873000202 binocular core 
(where 1 turn = 2 passes) 

Fig 7-88—Method for connecting the feed line to the Beverage transformer, guaranteeing maximum suppression of 
common-mode signals induced on the outside of the feed line. See text for details. 
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the feed line to your transceiver. You should not be able to 
detect any change in signal strength, as two well-built trans
formers should exhibit no more than 0.5 dB of insertion loss, 
which is just about immeasurable without special test equip
ment. If you have access to professional test equipment you 
can do an actual insertion loss measurement in a 50-Ω system. 
A Network Analyzer will also give you accurate results. 

2.8.2. Ground Systems at the Beverage 
Receiving End 

In Section 2.5.4 I covered the ground requirements for 
the far-end termination. Requirements are a little different at 
the receiving end of a Beverage antenna. The Beverage is in 
essence an asymmetric (unbalanced) system, one terminal 
being the antenna wire, and the other being the ground. This 
second terminal is what we call the antenna ground. This 
ground can be a good ground (low loss, low resistance) or a 
bad ground. There are two issues: 
•••••	 Loss issue: There will be signal loss due to high ground 

antenna ground resistance: the ground loss resistance is in 
series with the high-Z winding of the transformer. 

Assume we use just a short ground rod in poor ground. 
The RF ground resistance can be as high as 300 Ω. This 
ground resistance is in series with the secondary (high-Z; eg, 
450 Ω) winding of the matching transformer. In this case the 
voltage loss would be: 20 log (450/450+300) = −4.4 dB. 

I’ve always said that gain is not the real issue of a 
receiving antenna, but that only holds true if you try to obtain 
gain at the sacrifice of the only important receiving antenna 
parameter, which is directivity. Using a better ground will not 
upset the antenna directivity. 
•••••	 Common-mode issue: If the Beverage were perfectly 

unbalanced, that would mean there would be no possibility 
for common mode coupling. Since the ground is not 
perfect, any wire connected (physically or by capacitive or 
inductive coupling) to that ground will, through the pres
ence of common-mode currents on that wire, induce RF 
voltages across the earth resistance. The greater the earth 
resistance (the poorer the ground) the higher will be 
induced voltages. If you use a common-ground trans
former, the outside of the coax—which is just a long wire 
to the outside world—is directly connected to that poor 
ground and induces common-mode currents! 

The only way to reduce the effect is to lower the earth 
resistance, or as explained in Section 2.8.1 you could use a 
transformer with separate primary and secondary windings. 
And even if you have separate windings there is always 
capacitive coupling between the primary and secondary. This 
is another common-mode path, but of relatively high imped
ance, typically 5 kΩ or more if the transformer is correctly 
designed and wound. Conclusion: a low-Z ground is a good 
idea here too! 

For both reasons mentioned above, whenever possible 
you should provide a good RF ground at the feed point. In 
Section 2.5.4 I explained how to assess the equivalent ground 
resistance of a single ground rod. I would suggest that you try 
for a ground resistance that is less than 100 Ω. With very good 
ground a single ground rod might do the trick. But you might 
need multiple ground rods, spaced at least the length of the 
ground rods to lower the ground resistance. When you install 
rods too close together their effective fields of influence 

overlap and the end result is hardly much better than the first 
rod by itself. 

Where you cannot use a ground rods because of rocky 
ground, you can use a large ground mat made of large strips of 
chicken wire, made into the shape of a cross measuring 
approximately 6 × 6 meters. Or you could use a large number 
of short interconnected radials laid on the ground. Do not use 
a small number of long radials, as they could upset the 
directivity of the Beverage. 

If you use a transformer with a common ground for the 
primary and secondary windings you must improve the ground 
system (low resistance) to minimize common mode ingress 
into the feed line. Anyway, I do recommend that you avoid 
using common-ground transformers. 

2.8.3. Is Your Feed Line Also an Antenna? 
There are a few elementary tests that you can do to see if 

your feed line is behaving properly and is not picking up too 
much common-mode noise. If you short the coax’s center 
conductor and shield at the Beverage feed point (temporarily 
disconnect the shield from the Beverage ground rod), the 
receiver should be completely dead. You can run this test on 
the AM broadcast band. 

If you do hear signals, you’ve got some troubleshooting 
to do. Make sure the receiver itself has a good RF ground and 
is not just “grounded” through the shield of one or more 
coaxial feed lines. Make sure the coax is well-grounded where 
it enters the shack. Just relying on grounding at the receiver 
chassis is bad practice. It is quite common that the power 
mains feeding your receiver are carrying conducted RFI. This 
RFI is bypassed to the receiver chassis through any mains 
decoupling capacitors and the shield of the cable becomes the 
new path for this unwanted noise to leak via the cable shield 
all the way back to the feed point of the Beverage. 

It is essential to feed the equipment at the shack through 
high-quality mains filters and ground these to an excellent RF 
ground. The bottom side of the operating table in my shack 
(which is 8 meters long) is completely covered with alumi
num sheet. This represents a lot of capacitance and virtually 
zero inductance, which is just what you want! Quality mains 
filters are bolted directly to those sheets and the mains outlet 
to which the equipment is connected as well. The ground plane 
is connected with very short (less than 0.5 meter) low-induc
tance wide straps to long copper ground rods. Ground the feed 
lines to another good quality ground system where they leave 
the house of the shack. Ground rods for this ground should be 
a minimum of 5 meters from the ground rods grounding your 
equipment. 

In really tough cases, you may need to eliminate com
mon-mode signals on the shield of your coaxial feed line by 
using multiple, independent ground rods along the feed line 
near the antenna. Use a series of common-mode choke baluns 
between each ground rod. This forms a multi-section pi 
attenuator, making even modest choke impedances very 
effective. See Fig 7-88. Do not ground the far end of the cable 
and make sure you place your last coax ground at least 
5 meters from your antenna ground. Use a stack of ferrite 
cores at the end of the feed line. This common-mode filter can 
also be made by winding 50 turns of miniature 50-Ω or 75-Ω 
coax on a stack of ferrite high-µ toroids. 

I use a simple digital LC meter and use as many cores as 
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necessary to achieve an impedance of at least 1000 Ω on 
160 meters (L = 130 µH). Make sure the LC meter actually 
operates near the frequency of interest (mine operates at 
1 MHz). The exact ferrite core material is not critical for this 
purpose, but a high permeability is required. A low-Q situa
tion is preferred (lots of resistance in the impedance number) 
to avoid resonance effects, but if the coax lays on the ground 
resonance effects are really excluded. A number of turns of 
small-diameter coax through a large high-µ ferrite core does 
the same job. Follow the wiring exactly in Fig 7-88. Install a 
stack of beads on the feed line at regular distances (make it a 
Snake antenna with even more losses). This is not practical if 
you use a large diameter feed line, of course. 

In the most obnoxious cases of ground currents, it may be 
necessary to ground the shield of the feed line every 50 meters 
with independent ground rod—ground rods without any other 
connection. As an additional benefit, of course, lightning 
paths are disrupted by this method. 

Bury your coax. Never suspend the feed line to a Bever
age antenna in the air! Feed lines on the ground, or even better 
in the ground, will automatically choke off RF from the 
outside of the shield. 

Do not run feed lines parallel to and in close proximity to 
elevated radials. Otherwise there will be field coupling from 
induction or radiation fields. Reduce coupling to other anten
nas (see also Section 2.9.1), towers, power lines, etc by 
careful placement of the antennas and by judicious feed-line 
routing. 

All of these measures may not be necessary, but in stubborn 
cases the combination of all of these will guarantee a minimum 
amount of common-mode RF currents on the outside of your feed 
line. If your feed line is not properly decoupled it can upset the 
effective directivity pattern of your Beverage and turn a fantastic 
receiving antenna into a mediocre one. 

Now you can take care of the transformer, as explained 
in Sections 2.8. Make sure the antenna ground (at the bottom 
of the transformer’s high-Z winding) is grounded some dis
tance away (at least 5 meters) from the closest ground rod 
grounding the feed line. This will introduce several thousand 
ohms of reactance in the common-mode signal path, as well as 
provide another path to earth for common-mode noise. Keep 
the connections to these grounds as far away from one another 
as possible. 

Note that the primary (low-Z) winding of the transformer 
is not grounded but merely connected to the shield of the coax, 
which itself is grounded some distance away (minimum 
5 meters). Fig 7-88 shows how the feed line should be con
nected to the transformer to achieve the greatest possible 
attenuation of signals picked up by the outside of the feed line. 
The stack of beads (B1) will form a high impedance (Z1 = 
typical 1500 Ω on 1.8 MHz for 100 stacked Wireman beads) 
for common-mode currents. In the equivalent schematic Z1 
and RG2 (the ground resistance of the coaxial cable grounding 
rod) form a voltage divider. Assume this ground resistance 
(RG2) is 100 Ω (that’s a fairly good ground). This means that 
we have a voltage divider of 100:1100 or 1:11.1, which results 
in a signal attenuation of 20 log (1/11.1) = −20.8 dB. 

The spurious signals left across RG2 will now be fed into 
the feed line via another voltage divider made up by the 
impedance of the second bead stack (B2) in series with the 
impedance of the low Z winding of the transformer (Z3) and in 

series with the impedance of the coaxial cable (Zk = 75 Ω, 
assuming the cable is terminated in its own characteristic 
impedance at the receiver end). This time we have a voltage 
divider made up by Z2 = 1000 Ω (bead stack) + Z3 = 250 Ω 
(transformer low Z winding) and Zcoax = 75 Ω . The attenua
tion of the voltage divider is 20 log (75/(1000+250+75)) = 
−25 dB. The total attenuation of this setup is about 46 dB for 
common-mode signals captured by the outside of the coaxial 
feed line. If that does not cure the problem, you can ground the 
coax at regular intervals or look for a different mechanism of 
common-mode signal ingress into your receiving setup. 

Note that the stacks of ferrite cores across the coaxial 
feed line can be replaced by coiled-up lengths of coax. In order 
to achieve a choking impedance of approximately 1500 Ω on 
160 meters, the inductance must be 125 µH. This requires a 
coil of coaxial cable measuring 30 cm in diameter and having 
20 close-wound turns. Such a coil requires not less than 
20 meters of coax, and two such coils are required in the 
system! If you use this approach, make sure the two coils are 
at right angles, to minimize coupling between them. Another 
alternative is to wind miniature type coaxial cable on a large 
high-permeability core. Five turns of miniature coax through 
a FT150A-F core (µ = 3000 and AL = 5000) achieves an 
impedance of 1500 Ω (7 turns = 3 kΩ on 160 meters). 

You should now have a “quiet” feed system to the 
Beverage. Connecting everything to the system except for the 
Beverage wire itself should yield no signals. 

2.8.4. More About the Feed Line to the Beverage 
As explained above, you should pay as much attention to 

the feed line as to the Beverage antenna itself. Bad feed-line 
practice can completely annihilate the directive properties of 
the antenna. The Beverage principles explained here apply 
equally well to all other low-signal receiving antennas 
described in this Chapter. The feed line issues are: 

2.8.4.1. Attenuation 
As your Beverage antennas will most likely be operated 

on relatively low frequencies, you need not use a feed line with 
the lowest possible loss, especially where all but the very 
longest feed-line runs are being considered. For runs up to 
100 meters RG-58 (or 59) sized coax will be just fine. 
Table 7-13 shows the typical losses for common coaxial 
cables on 1.8, 3.5 and 7 MHz (or use TLW, the program that 
comes with the 20th Edition of The ARRL Antenna Book). 

What we really require under the quietest circumstances 
(daytime) and using the narrowest receiver bandwidth is to be 
able to clearly hear the antenna noise over the internal receiver 
noise. If you are in a very quiet environment (way out in the 
country, no nearby power lines, or in the middle of the ocean 
on an uninhabited island) the surplus sensitivity that all 
modern receivers (transceivers) have may not be enough. In 
that case you will need a preamplifier. It will practically never 
be necessary to put the preamplifier at the antenna though. 

2.8.4.2. Mechanical Properties 
Running standard coax on the ground can be a problem 

for some. Many low banders report having lost small or 
medium-sized RG-type feed lines, as well as CATV drop-type 
feed lines due to animal bites. Small bites will usually not 
open or short the feed line, but will do enough damage to cause 
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moisture migration and corrosion. There are three ways to 
prevent this from happening: 

•	 Use CATV Hardline (1/2- or 5/8-inch stuff is very sturdy, 
especially the figure-8 type cable). 

•	 Use quad shielded and flooded RG-6 type coax. It appears 
that the critters don’t like the flooding compound. 

•	 Bury the cables in a closed cable duct underground. 

2.8.4.3. Availability 
For short runs any coax you can buy at the local flea 

market will do, provided the shield or the inner conductor is 
not corroded (green and black for copper shields, dull and 
white for aluminum shields) from moisture ingress. Often, 
75-Ω CATV-type coax leftovers (often lengths up to 
100 meters!) can be found at reasonable prices from the local 
cable TV company. The flexible coax used for drop lines is 
good for anything but very long runs. Hardline is the ultimate 
choice for long runs, since it offers the lowest attenuation. 

George, K8GG, uses 1/2-inch 75-Ω CATV from his shack 
to the Beverage antenna park “headend,” which is 1200 meters 
(yes, 4,000 feet) from the shack. From the headend he uses 
RG-59 flooded cable for all the connection runs to the remote 
antenna selector. 

2.8.4.4. Coax Impedance 
This is definitely the least important issue: It is totally 

irrelevant whether you use 75 or 50-Ω coaxial cable. The 
purist may want to design the matching transformer according 
to the impedance of the coax used but even that is a bit far 
fetched. 

2.8.5.5. Shielding Effectiveness 
It is important to use well-shielded coax to achieve a 

quiet feed system under all circumstances and on all frequen
cies. Some of the very cheap (non Mil-standard) coax has a 
very poor shield coverage factor (50% or so). This cable 
should not be used. Hardline is intrinsically the best choice, 
provided the solid shield is not broken. In many European 
countries CATV companies use so-called figure-8 Hardline 
(instead of lashing the coax to a messenger wire). Figure-8 
Hardline structurally incorporates a support cable. Overhead 
Hardline often develop cracks and eventually break in the 
solid shield due to work hardening as they swing in the wind. 
In a CATV trunking network these breaks are responsible for 
radiating cables, which many of us have experienced. Watch 
out when buying used CATV Hardline, and always check the 
cable for visual shield damage as well as for electrical shield 
continuity. 

2.9. Terrain and Layout Considerations 
•	 How far should I keep the Beverage from my vertical 

transmit antenna? 
•	 How close can I run two Beverages in parallel—with one 

shooting in the opposite direction? 
•	 Can Beverages cross one another? 
•	 How close can they cross? 
•	 Can I run different Beverages from one feed point? 
•	 How straight must a Beverage wire be? 
•	 What if my terrain slopes up and down? 

These are all very valid questions. And failing to under

stand what and why may turn a potentially wonderful antenna 
into a really lousy performer. 

2.9.1. Proximity to Transmit Antennas 
When they are located close to large, resonant transmit 

antennas, Beverages pick up noise and signals that are retrans
mitted by those transmit antennas. If you have a number of 
Beverages, and one or two are always noisier than the others, 
then there is a good chance those are the ones closest to your 
transmit antenna. Another indication is that a Beverage an
tenna is not much quieter than your vertical. It should be. 

Is that noise really coming from your transmit antenna? 
A simple test is to connect a variable impedance like an 
antenna tuner to the transmit antenna’s feed line and rotate it 
through all possible inductance and capacitance ranges while 
listening. By doing so you will actually change the resonant 
frequency of the antenna. If you hear any difference in noise 
level in the receiving antenna while doing this, you can be sure 
the transmit antenna is coupling noise into the receive an
tenna. 

If you have the appropriate test equipment, a more 

Fig 7-89—Various methods for decoupling a series-fed 
vertical. See text for details. 
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thorough approach is to measure the isolation between the two 
antennas by measuring power on one while feeding power to 
the other. If you detect any coupling you will need to decouple 
the transmit antenna, or else move your receive antenna 
further away. 

If you have a series-fed λ/4 ground-mounted vertical, 
decoupling can be as simple as disconnecting the coax at the 
antenna, so that the vertical part of the antenna is now “float
ing.” The antenna will now be resonant at twice the frequency 
and mutual coupling to the Beverage will be minimal. You can 
use relays at the base of the antenna (see Fig 7-89A), or you 
can do it at the end of the feed line. If the feed line has an 
electrical length equal to an odd number of quarter-waves, 
then the feed line should be short-circuited in the shack during 
reception (Fig 7-89B). If the feed line length is a multiple of 
half waves long, then the end of the feed line should be left 
open in the shack during transmit (Fig 7-89C). 

If you don’t know the feed line length, just terminate the 
feed line in a variable capacitor (such as a four-gang BC 
variable) or a variable inductor and tune these to obtain 
minimum noise level in the Beverage. This capacitor or 
inductor can then be switched across the end of the feed line 
during reception with a relay, as shown in Fig 7-89D. You can 
also use a series-resonant LC circuit with small values of C, or 
a parallel LC-circuit with large C and low L values, to do your 
testing. Replace these with a simple L or C once the right value 
has been determined. 

If you have a shunt-fed vertical such as a loaded tower, 
just disconnecting the feed line may not help! Once you shunt 
feed a non-resonant structure, it becomes a resonant structure 
at the frequency to which it is tuned. To detune it you will need 
to turn a section of the tower into a parallel-resonant circuit, 
as explained in Section 3.10. 

If you have a vertical with elevated radials, then you are 
really in trouble, unless you use only one radial. Systems with 
two or four verticals are very nasty. Two radials (more or less 
in-line) are a perfect half wave element, reradiating like crazy! 
Two more at right angles makes things even worse. Fig 7-90 
shows how the radiation pattern of a 268-meter long Beverage 
with and without a quarter-wave vertical with four elevated 
radials, 4 meters high. Note how a F/B of almost 30 dB falls 
to a mere 12 dB. A large number of elevated radials will 
eventually lose all its resonant characteristics and act like a 
disk. In this case current and power in each radial is a fraction 
of the total so radiation is miniscule. 

With a 160-meter vertical using a single elevated quar
ter-wave radial, decoupling the feed line leaves only two λ/4 
long wires (one vertical, one horizontal), which will do no 
harm, except on 80 meters, where they are λ/2 and hence 
resonant. Your Beverage will be compromised if it is used for 
80 meters also! 

Even if you don’t notice an observable noise increase, 
the proximity of other antennas can hurt the directivity of your 
receive antenna. This may not always be easily detected just 
by listening to an antenna. A Beverage may still “out hear” a 
vertical, even if it is severely compromised by the proximity 
of another nearby antenna. 

Conclusion, Nearby Transmitting Antennas 
•	 Noise picked up by a large transmitting antenna can easily 

be coupled into a nearby receiving antenna. 

Fig 7-90—Influence of the λλλλλ/4 160-meter vertical with four 
elevated radials on the azimuth pattern of a 268-meter 
long Beverage (dashed line). In this example the Bever
age comes within 10 meters of the vertical. 

•	 To resolve this problem you can increase the distance 
between the antennas (usually a minimum of λ/2 depend
ing whether or not the receive antenna is firing into the 
transmit antenna or not). 

•	 Shift the resonant frequency of the transmit antenna as far 
away as possible from the operating frequency during 
receive. 

If your Beverage is close to the transmit antenna, and if 
you have no apparent noise problem, this can be for one of the 
following reasons: 
•	 Your transmit antenna is right in the null direction of the 

Beverage. 
•	 You have an extremely quiet location (maybe Heard 

Island?). If there is no noise being picked up on the 
vertical, then it would be very hard to discern any change 
in the Beverage performance. 

Under any circumstance it is better to keep any antennas 
separated as far as possible. This is also true for transmit 
antennas, of course. A situation where a wire (or more wires) 
are stuck randomly in the near field of an antenna ends up with 
results that are a matter of blind luck. 

2.9.2. Parallel Beverages 
Beverages are non resonant and exhibit very little mutual 

coupling. The rule of thumb is to keep two parallel Beverages 
separated by a distance equal to their height above ground. 
This separation guarantees a decoupling of at least 30 dB. 

2.9.3. Crossing Beverages 
Beverage antennas for different directions may cross 

each other if the wires are separated by at least 10 cm (4 inches). 
Beverage antennas should also not be run in close proximity 
to parallel conductors such as fences, telephone lines, power 
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Fig 7-91—Crossing Beverages at W8JI. The top 25 cm of 
the support is a PVC electrical pipe. 

lines (even if quiet) and the like. Fig 7-91 show how W8JI 
does it. 

2.9.4. Multiple Beverages From One Hub 
Sometimes we need to run a long feed line to a central 

hub, from where other feed lines will run to different feed 
posts for single or multiple Beverages. This hub will simply 
switch the main feed line coming from the shack to the feed 
lines going out to the end posts. Make sure you always switch 
both the inner conductor and the shield of these feed lines. Do 
not connect the shields of all these feed lines together or to a 
common ground. If you want to ground them, do so at a 
distance of 5 meters from the switch box, to individual ground 
stakes that are well separated. 

If you want to run various Beverage from one “feed post” 
there are several approaches to do this. Refer to Fig 7-92. 
Ranking from worst to best, we have the following methods: 

•	 Keep the high-Z ground of the various transformers con
nected to a single ground rod at all times, and switch the 
hot-conductor of the low-Z point with a relay. The common 
ground resistance will mutually couple signal from 
one antenna into the other, as will the ground sides of the 
low-Z points of the antennas, which are connected together. 
Avoid this situation. See Fig 7-92A. 

•	 Same as above, but now you switch both the outer and the 
inner conductor of the feed line. The feed line is grounded 
some distance away (5 meters or more), where a common 
mode filter is installed (see Section 2.8.3). 

•	 Do the switching at the high-Z side of the transformer. Some 
purists argue that this increases crosstalk if a poor layout and 
bad wiring practices are used. But if you can minimize such 
crosstalk if you use a DPDT relay and wire both contacts in 
series, where the jumper between the two sets of contacts is 
grounded to minimize crosstalk. See Fig 7-92C. 

•	 You could terminate any unused Beverage with a 450-Ω 
resistor to a separate ground, say 5 meters from the antenna 
ground. Terminating is better than grounding; you will 
have less current from the undesired direction flowing in 
the non-ideal ground system (Fig 7-92C), which, if close to 
the Receiver-transformer ground will couple into that ground 
circuit. It is obvious that you should not use the same 
ground for Fig 7-92A and Fig 7-92C.Use separate ground 

rods for Fig 7-92C, separated by at least 5 meters from the 
ground point. 

•	 If at all possible I suggest using widely separated end posts 
for the Beverages, with at least 5 meters separation and 
separate grounds (Fig 7-92E). Avoid using the antenna 
ground of one antenna as the termination ground of another 
one that might be running in the opposite direction. 

Little or no coupling occurs between the antenna wires, 
unless they are parallel and quite close together. I have not 
noticed any problem with antennas arriving at one point under 
a 30° angle. 

2.9.5. Only Straight Wires? 
A nice clear straight wire, without sags, not only looks 

great, it does hear better! Sags in the wire are just like sloping 
terminations (see Section 2.5) and help upset the directivity of 
the antenna. If the terrain is irregular, minor ups and downs in 
height or dips or valleys will not ruin your Beverage perfor
mance though. If your terrain is not flat, follow the contour of 
gradual slopes and go straight across ditches or narrow ravines 
without following the contour. 

Roger, VE3ZI wrote: “I have 12 Beverages, each about 
800' long at 30 degree intervals. Some of them are relatively 
flat, some of them go up and down by about 100', some parts 
are across rock and some across swamp. I really can detect 
no difference in performance between any of them. I’m quite 
sure there is a difference, but my feeling is that it is so small 
as not to be relevant. Surely the real point is that Beverages 
work adequately even when gross compromises are made in 
their construction.” 

2.10. Beverage Maintenance 
It’s always a good idea to log the measurements you’ve 

made on your Beverage antennas when you build it. Write 
down the terminating resistance that gave minimum standing 
waves on the antenna, as well as the SWR curve over the bands 
of interest. Next, do a checkup every year, and measure those 
two parameters. Don’t forget to check your feed lines also 
(measure at least insulation resistance (far end open) and 
continuity (far end shorted). 

2.11. BOG or Snake Antenna 
What we now, often jokingly, call a snake antenna is in 

fact the shape of the very first Beverage antenna in history. 
The first antenna Harold Beverage used was simply several 
miles of wire laying on a sandy path on Long Island. Only later 
was the Beverage antenna refined to be an elevated wire with 
a resistive termination! Mr Beverage was the inventor of the 
snake antenna. The Snake antenna or BOG (Beverage on 
Ground) works because of common-mode excitation on the 
outside of a coaxial feed line. The entire shield picks up signal 
from the outside, and the on-the-ground-Beverage is simply a 
reverse-fed thick random wire lying on the ground. 

The Snake antenna obviously gets its name from what it 
looks like: it is usually a coaxial cable just stretched out on the 
ground like a giant reptile. The antenna is said to have 
properties similar to those of a genuine Beverage antenna: It 
receives off the far end of the Snake, at least if we may believe 
all that’s been published. DeMaw, W1FB, (Ref 1254) described 
different versions, and gave us some rather interesting mate
rial to read. 
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Fig 7-92—Various ways for feeding two or more Beverage antennas from a single “hub.” See text for details. 
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Fig 7-93—At A, the so-called Snake antenna, where the coax on the ground actually serves as feed line bringing the 
received signals off the back of the antenna to the receiver. Careful decoupling of the feed line is required 
(see text). At B, a simplified Snake using a single insulated wire on the ground. In this case reception is from the 
far-end of the antenna. 

One type DeMaw described was short circuited at its end. 
He stated the cable will present a 50-Ω load at the receiver 
provided the line is lossy enough. It happens that at least 20 dB 
is required for a short circuited line to appear like a matched 
line at the other end. Well, that’s going to have to be a very 
long Snake, if you remember that even a mediocre RG-8 cable 
exhibits 0.5 dB per 100 feet at 1.8 MHz. Yes, to get the 20-dB 
attenuation you would need a 4000-foot long Snake. DeMaw 
also said that the velocity factor of the coaxial line should be 
taken into account when constructing the antenna. 

Let’s leave the tales for what they are worth and look at 
the facts. Seen from the outside (by the radio wave we want to 
capture) the shield of the coax acts as a single fat wire antenna. 
Obviously everything important goes on outside the coax. The 
velocity factor of the coax has nothing to see with the coax 
acting as a fat wire antenna, contrary to what De Maw stated. 
The velocity factor of the coax relates to the coax acting as a 
transmission line, and then everything happens inside the 
coax. 

Let us look at this very low fat Beverage. Most users 
report having measured an antenna impedance of approxi
mately 300 Ω. It is that high because of the losses of the 
ground. Over a perfect conductor it would be as low as 50 Ω. 
The Snake has a very low velocity factor and of course, very 
low output, but it still retains essentially the same directivity 
characteristics as a Beverage at more usual heights. 

Fig 7-93A shows a Snake antenna, where the coax on the 
ground also serves as feed line, bringing signals received off 
the back of the antenna to the receiver. Careful decoupling of 
the feed line is required. Fig 7-93B shows a simplified Snake 
using a simple insulated wire on the ground. In this case 
reception is off the far-end of the antenna. 

At the end of the Snake in Fig 7-93A is a reflection 
transformer (200-300 Ω to 50 Ω). A similar reflection trans
former is also used with a two-wire reversible Beverage (see 

also Section 2.15). At the near end of the Snake there is a 
terminating resistance, used to dissipate the waves received 
from the rear direction. This should be a 200 to 300-Ω resistor 
connected to a good RF ground. A common-mode choke, 
consisting of a number of ferrites on the cable, prevents the 
ground at the receiving end of the feed line from swamping the 
termination resistor. A number of ferrite beads on both sides 
of another good RF ground will do the job (see also Sec
tion 2.8.3). If you want to receive off the other end, you would 
construct your Snake as shown in Fig 7-93B. In this case we 
save some money and use insulated wire (rather than expen
sive coax) as the antenna. 

At the near end the antenna wire can be connected via a 
4:1 transformer (bifilar-wound transformer) to the inner con
ductor of the coaxial feed line. A transformer with separate 
primary/secondary grounds is required here. Here too, you 
will need to ground the end of the feed line, and a series of 
ferrite beads on the feed line will discourage any common
mode RF currents from messing up your Snake. 

You can make a Snake like the two-wire antenna in 
Fig 7-94B, where you have two directions available with the 
flip of a switch in your shack. The only difference between this 
and the “high” Beverage antenna as described is that the 
antenna impedance is typically around 300 Ω instead of 450 to 
600 Ω, that the velocity factor is much lower (typically 0.6) 
and its output is down about 10 to 15 dB. 

A number of users have reported their BOG (Snake) to be 
much quieter than an equivalent Beverage antenna. You should 
be careful though not to compare a 150-meter long Beverage 
with a 150-meter long BOG. While a Beverage at a 2-meter 
height may show a velocity factor of about 95-98%, a BOG 
will show a VF figure of around 60%. 

Riki, 4X4NJ, is an avid user of BOGs and he wrote: “All 
of my 5 Beverages are BOG. I don’t believe that this is a 
compromise antenna for terrain such as mine. My QTH is on 
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a rocky mountaintop with very poor soil conductivity. Of 
course there is capacitance to ground. Some of my BOGs are 
unterminated, and others are terminated. Those that are 
terminated use a 200 Ω resistor to a quarter wave wire just 
laying on the ground. I use the 1/4 wave wire termination 
because of low ground conductivity and the impossibility to 
drive in a ground rod — they always hit underground rocks. 
My experience has been that the unterminated BOGs have 
excellent F/B. Receiving from the fed end direction is down at 
least 2 or 3 S-units. I can’t properly explain why this is so, but 
I expect that it is because of the low impedance and losses. 
(The usual references predict only about a 3 dB difference). 
My gut feeling is that in my particular QTH there is no 
significant advantage in terminating the BOG. Besides its 
simplicity, this is a rather stealthy antenna. From my house 
with a small yard, the BOGs go out into the surrounding public 
area. Two of them cross roads, so I have buried the wire a few 

Fig 7-94—At A, Beverage with individual coaxial feed 
lines brought to both ends of the antenna. At B, an array 
where the antenna wire is a coaxial cable, which is also 
used to transport the signal from the “back direction” of 
the array to the front. At C, a variant, where the coaxial 
beverage is fed somewhere along its length. See text for 
details. 
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inches beneath the (gravel) road. I’ve also buried more 
extended length —about 100 feet in order to hide the wire 
from view.” 

A BOG may also be an attractive receiving antenna for 
DXpeditions. But they do not work in close proximity to salt 
water nor over very good, conducting ground (such as a dry 
salt lake). 

2.11.1. What to Remember About the Snake 
Antenna 
•	 A piece of coax thrown on the ground, in any of the fashions 

described by DeMaw will not work like a Beverage antenna. 
•	 A proper Snake requires good grounds at both ends. 
•	 Feeding a Snake is even more delicate that feeding a regular 

Beverage, since signals are much weaker and common
mode currents can more easily do harm. 

•	 A properly dimensioned Snake has the same pattern as a 
Beverage. 

•	 The Snake will more than likely require a preamplifier. 

2.12. Bi-Directional (Unterminated) 
Beverage Antenna 

When the Beverage antenna is not terminated, the directiv
ity will be essentially bi-directional. In real life the unterminated 
Beverage is not a true bi-directional antenna. The SWR and the 
loss on the antenna make it have some F/B. F/B is related to 
standing waves on the antenna; that is, to the reflection making 
it back to the receiver. Fig 7-95 shows the horizontal directivity 
pattern for a 1-λ long unterminated Beverage antenna. Notice the 
slight attenuation from the back direction because of the extra 
loss of the reflected wave in the wire. 

A method of switching the Beverage from unidirectional 

Fig 7-95—Directivity pattern of a 268-meter long 
unterminated Beverage antenna (solid line) at a height of 
2 meters over good ground, compared to the same 
antenna when properly terminated (dashed line). Note the 
difference in gain from the back, resulting from the extra 
losses encountered by the reflected wave. 



Chapter 7.pmd 69 2/18/2005, 9:25 AM 

Fig 7-96—Unidirectional/bi-directional Beverage 
antenna setup. Note that the dc path for feeding the 
antenna is through the ground. The relay should 
operate from a low voltage (maximum of 24 V dc) so 
that dangerous potentials will not be present on the 
antenna wire. 

to bi-directional is shown in Fig 7-96. A relay at the far end of 
the antenna wire is powered through the antenna wire and the 
earth return via an RF choke and blocking capacitors. 

2.13. The Slinky Beverage and Alternatives 
Carl, KM1H, had to explain to me what a slinky was. 

Apparently it’s a child’s toy, but I still don’t know how 
children play with it... Anyhow, it looks like some Topbanders 
now also play with it. 

“It is a continuously wound coil of about 7 cm in diam
eter and about 90 turns for each unit. I look at it as a helically 
wound Beverage that exhibits very low noise pickup and is 
still very efficient as compared to a regular wire Beverage.” 

Although Carl does not claim to be the inventor of the 
Slinky he says its initial use goes back to 1985 and started 
more as a joke and a dare as the result of an “after midnight” 
160-meter SSB roundtable. At the same time he claims that the 
Slinky equals the performance of a Beverage of 1.5 to 
2 times the length of the Slinky. 

He uses the 7-cm diameter version and has connected 
five of them in series stretched over a total length of approxi
mately 53 meters. This makes 8 turns per meter, which 
according to Carl gives a velocity of propagation (VP) of 0.58. 
A VP of 0.5 means the wave travels half the speed of free 
space, so the antenna looks twice as long as it is physically. A 
VP of 0.58 means a 55-meter long Slinky is 95 meters long 
electrically. 

By the way, you can obtain exactly the same results, so 
far as a very low VP is concerned, by just laying your 
Beverage on the ground (see Section 2.11). You can’t obtain 
a good F/B with a Beverage that is shorter than λ/2, unless you 
significantly reduce the velocity factor. This can be done in 
several ways: 

• By using a R + L termination 
• By adding inductance along its length 
• By adding parallel capacitance to ground 

You can, of course, use any combination of these meth
ods. What we are trying to do with the loading is make a 
50-meter long wire behave like an 80-meter long one (λ/2 on 
3.6 MHz). This means we are shooting for a velocity factor of 
50/80 = 63%. 

Assume you have 50 meters in your garden. Fig 7-97 
shows the azimuth patterns for four configurations. The com-

Fig 7-97—A 50-meter long beverage terminated in 450 ΩΩΩΩΩ
(solid line); same antenna terminated in 250 + j 280 ΩΩΩΩΩ
(dashed line); same length BOG (dotted line); same 
length with inductive loading in element (dashed-dotted 
line). See text for details. All models on 1.83 MHz. 
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Table 7-31 
Short Beverages 
Height Termination, Ω DMF RDF 
2 meters 450 4.5 4.0 
2 meters 250 + j 250 6.0 4.5 
0.1 meters 330 + j 200 7.8 5.6 
2 meters, 4 Loading Coils 300 + j 200 6.0 4.6 

mon Beverage configuration with a 450-Ω termination is very 
poor. If you terminate the Beverage with an inductive load you 
get a very good F/B and a significant improvement in overall 
directivity (especially DMF). We can further improve the 
directivity by laying the antenna on the ground. This drops the 
VF down to approximately 60%, which makes the antenna 
effectively longer. Combined with an inductive termination, 
DMF and RDF are further improved. If you cannot put down 
a BOG (Snake) then there is the alternative of putting coils in 
the Beverage (at regular height). Four coils, equally spaced 
along the wire, can do the trick. Or you may want to use a 
Slinky to obtain the same result. See Table 7-31. 

Unless special steps are taken, Fig 7-97A clearly shows 
that a conventional 50-meter short Beverage is of little use. If 
discrete coils are used they should be spaced a maximum of 
λ/8 apart. Modeling shows good results with as few as four 
coils in a 50-meter long short Beverage. Coil inductance does 
not seem to be very critical, but a reactance of about 200 Ω 
seems indicated (approx 17 µH on 160 meters). The value is 
not critical. Have a go at it with your favorite modeling 
program. 

If you want to use your Slinkies as antennas, W8JI offers 
the following advise on his website: “Slinky users should be 
particularly cautious to extend the coils an optimum amount. 
With 1/2 λ of distance, you would want somewhat less than 1 λ 
of total conductor length. Too many turns-per-foot and the 
antenna will try to fire backwards, towards the feed point.” 

Using discrete loading coils and an inductive termination 
clearly makes this antenna a single-band affair! Instead of 
using discrete coils at regular intervals, or a string of Slinkies 
(supported on a nylon rope), you could also use a number of 
ferrite beads on the Beverage wire. 

It should be clear that if you have only 50 meters of 
space, the BOG is the right choice. It’s easy to put up and 
almost invisible. You can cross the driveway if you put the 
wire in a plastic tube barely below ground. 

How do you adjust the value of the termination complex 
impedance? Put a small signal source a few hundred meters 
from the receiving antenna (outside the near field) and tune the 
inductance for best F/B. You can do this for a zero azimuth 
angle (signal source in-line with the antenna) or for a given 
azimuth angle (say, 20°), in which case you put the signal 
source at the back of the antenna with a 20° offset to one of the 
sides. Remember: 

•	 A random Slinky will most likely not work (unless you’re 
very lucky!) 

•	 A well-tuned Slinky always has less output than a full
sized Beverage of the same electrical length. The output is 
typically 3 to 5 dB down from its full-size λ/2 brother, but 
that should be no problem since we are talking about 
receiving antennas. 
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•	 A well-tuned Slinky or an inductively/capacitively-loaded 
short Beverage can have as good a F/B as a λ/2 properly 
terminated Beverage. 

•	 If you have little room, try a BOG first. A 50-meter BOG 
with R+L termination is as good as a classic 80-meter long 
Beverage so far as directivity is concerned. 

•	 Tune the loaded antenna or Slinky for best F/B (see 
above). This is a must. For a Slinky adjust the pitch and the 
termination impedance to obtain maximum F/B. 

•	 The same precautions as outlined with regular Beverages 
so far as termination ground and feed-point ground apply, 
as well as coupling to nearby resonant transmit antennas. 

Conclusion: If you don’t have a lot of room, this may be 
something to try, especially the BOG. If you have 80 meters 
of space, also try two end-fire staggered short Beverages, with 
30-meter stagger distance (see Section 2.16). 

2.14. Two Directions From One Wire 
Two directions can also be obtained from a single-wire 

Beverage by feeding coax to both ends of the antenna, with an 
appropriate matching network (Fig 7-98A). One end is termi
nated in the shack with an appropriate impedance, while the other 
is used for reception. (See Ref 1210.) The appropriate terminat
ing impedance can be found as follows. First, determine the surge 
impedance of the Beverage using the method explained earlier in 
this chapter. Connect an impedance bridge across the high
impedance secondary of the matching transformer. Adjust the 
terminating impedance at the end of the feed line (inside the 
shack) until it is the same as the Beverage impedance. 

In many cases, the impedance will be non-reactive and a 
simple resistor in the range of 50 to 75 Ω will provide the 
proper termination. An alternative method is to use a small 
signal source in the back of the antenna (remember the offset 
angle, see Section 1.6) and simply adjust a 200-Ω potentiom-

Fig 7-98—At A, open-wire two-direction Beverage 
antenna. This uses reflecting transformers to obtain both 
reflections and proper impedance matching (see text for 
details). At B, an autotransformer is used for the same 
purposes. 



Chapter 7.pmd 71 2/18/2005, 9:25 AM 

eter at the end of the second feed line for maximum front to 
back. You switch directions by interchanging the coax going 
to the receiver with the one going to the terminating resistor. 

2.15. Two-Wire Switchable-Direction 
Beverage Antennas 

Two-wire switchable Beverage antennas are covered in 
great detail by V. Misek, W1WCR (Ref 1206). I strongly 
recommend that you read this book if you want to get serious 
with open-wire type Beverage antennas. 

2.15.1. Coaxial Cable as Feed Line and as 
Antenna Wire 

We know that a coaxial feed line can act as a transmission 
line, where everything happens inside the cable between the 
center conductor and the inside of the shield. But it can also act 
as a single fat conductor, when you look at the coaxial cable 
“from the outside” (remember the Snake antenna in Sec
tion 2.11). 

Fig 7-94B shows a small coax cable used as a Beverage 
antenna wire. The coax cable also serves as the feed line for the 
far end of the array. Transformer T1 is a classic 9:1 trans
former. The reflection transformer at the far end provides the 
right impedance transformation to feed the RF via a good 
match to the inside of the coax. This transformer is identical 
to the transformer T1 used at the near-end. At the near end a 
1:1 isolating transformer (T3) must be used. 

The same antenna can also be fed in the center—or 
anywhere along its length—as sketched in Fig 7-94C. Here, a 
transformer similar to the one used at T2 in case Fig 7-94B is 
used at both ends. The coaxial antenna wire/feed line is 
opened at the appropriate point, where the isolating 1:1 trans
formers are used in both directions (T3). The design and 
construction of the transformers is covered in detail in 
Section 2.15.4. 

2.15.2. Using Parallel-Wire Feed Line as Feed Line 
and Antenna Wire 

Instead of using a small-diameter coaxial cable (which is 
relatively heavy and expensive), you can also use a parallel
conductor transmission line to achieve the same results. Using 
a parallel-conductor transmission line is somewhat more deli
cate since the only thing that stops the line (when used as a 
transmission line) from picking up unwanted signals is the 
balance of the system. If one conductor is closer to ground 
over the entire length of the line it unbalances the system. 

This is why each of the parallel transmission line wires 
must be parallel to the ground. A line should not be con
structed in a vertical fashion, using single support poles with 
one wire under the other. The closer the wire spacing of the 
line, the lower the impedance of the line, and the less critical 
installation-related unbalances become. The higher you install 
the line above ground, the less unbalance any unequal cou
pling to earth creates. 

You can use a homemade open-wire feeder with a wire 
spacing of approximately 30 cm. Signals arriving off the near 
end the antenna will induce equal in-phase voltages in both 
wires. Because of the close spacing of the wires, there is no 
space-diversity effect. The end of the two wires are connected 
to a properly designed push-pull transformer (T4), which has 
the RF from the push-push (in-phase) signals on its center tap. 

This signal in inductively coupled, via the n2:n1 windings in 
Fig 7-98A to the balanced secondary, which now feeds the 
balanced transmission line made up by the two parallel an
tenna wires. The two parallel wires act as an in-phase antenna 
wire and as out-of-phase transmission-line wires. 

The signals reflected by the reflection transformer (T5) 
are routed to the near-end of the antenna, where they arrive at 
transformer T1. These push-pull signals at the primary are 
routed through the coax feed line to J2. 

Signals arriving off the far end of this antenna, the 
normal receiving direction, arrive at transformer T4 in push
push (in-phase) mode and are available only at the center-tap 
of the secondary (n1) and not at the primary (n2). The 9:1 
transformer (T1) is now connected to the center tap of T4, 
where the push-push signals from signal received off the far
end of the Beverage are available. These signals received from 
the far-end will not produce any output at the low-Z side of T4, 
provided a good balance is achieved in the transformer. 
Outputs from both directions are simultaneously available 
from outputs J1 and J2 of this system. 

When only one of the feed lines is connected to a 
receiver, make sure the other feed line is terminated. A 
variable potentiometer in the shack can be helpful to optimize 
the F/B under all circumstances. 

Reflection transformer T5 in Fig 7-98B must be built to 
have the correct transformation ratio from the transmission 
line impedance (for example, 710 Ω balanced for the open
wire line) to the antenna impedance (approximately 332 Ω if 
the two-wire Beverage is 2 meters high). 

Using twin-lead transmission line is obviously a good 
choice, since it intrinsically guarantees better balance. When 
using twin lead it is appropriate the twist the line two or three 
turns per meter. If you use open-wire line, it is also a good idea 
to “flip” the wires every now and then along their run. 

You can also make the reflection transformer as an auto
transformer, as shown in Fig 7-98B. The same precautions 
explained in Section 2.8.3 apply regarding the intrusion of 
common-mode currents from the feed lines into your antenna 
system. Therefore use separate ground rods for the antenna 
and for the feed lines, and install common-mode filters on the 
feed lines as shown in Fig 7-88. 

The design and construction of the transformers is cov
ered in detail in Section 2.15.3. The push-pull impedance of 
the open-wire line is given by: 

Z = 276 log 
2S (Eq 7-2) 
d 

where 

S = spacing between conductors 
d = diameter of wires (in the same units). 

See Table 7-32. The impedance of the parallel wires 
over ground is given by: 

2h 2 

Z = 69 log ⎢
⎡4h 

1+
( ) ⎥

⎤ 
(Eq 7-3)⎢ d S ⎥

⎣ ⎦ 
where 

S = spacing between wires 
d = diameter of wires 
h = height of wires above ground (all in the same units) 
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Table 7-32 
The Impedance of an Open-Wire Transmission Line 
Made of Parallel Conductors. This is the Impedance 
of the Two-Wire Transmission Line Used to Trans
port the RF Back From the Far End to the Feed Point. 
Wire spacing 1.3-mm Wire 1.6-mm Wire 2-mm Wire 

#16 AWG #14 AWG #12 AWG 
25 cm 713 Ω 688 Ω 661 Ω 
30 cm 735 Ω 710 Ω 683 Ω 

Table 7-33 
Terminating Impedance for a Beverage Antenna 
Made of Two Parallel Wires (Open-Wire, Spaced 30 
cm) and Three Types of Twinlead). 
Height For 30-cm For 50-Ω For 300-Ω For 75-Ω 
Meters Open-Wire Line Twinlead Twinlead Twinlead 

Z0= 710 Ω Ω Ω Ω 
0.5 252	 341 365 393 
1.0 295	 383 407 435 
2.0 332	 424 449 476 
3.0 357	 449 473 500 
4.0 375	 466 490 518 

See Table 7-33. For such a two-wire Beverage system to 
work properly, great care must be taken to the balance of 
everything that needs to be balanced, the open-wire transmis
sion line and the transformer with push-pull windings. With 
open-wire transmission lines the balance to ground can be 
improved by periodically transposing the wires (say every 
λ/4 or less). This becomes more critical as the line gets longer. 
This is also why you should not use a two-wire Beverage with 
an open-wire transmission line where the conductors are 
mounted one above the other, although here too frequent 
conductor transpositions can reduce the imbalance effects 
(together with a “good” height above ground). 

2.15.3. Designing the Transformers 
The exact number of turns you need to wind your trans

formers depends on the permeability of the material used. 

Using cores with a high permeability has the advantage of 
requiring fewer turns, which means smaller capacitive cou
pling and a wider frequency coverage. 

Table 7-34 lists the turn ratios for the transformers used 
with the two-wire Beverage antennas shown in Fig 7-94. In 
Table 7-34, three Beverage antenna impedances are listed: 
450 Ω for a low Beverage (0.5 meters high), 531 Ω for a 
2.0-meter high Beverage and 600 Ω for a 4-meter high Bever
age. The procedure to determine the exact number of required 
turns is as follows: 

•	 Choose the core to be used from Table 7-27. 
•	 Note the numbers of turns required for the 50-Ω winding. 
•	 Multiply the turn ratios from Table 7-27 by the number of 

turns taken from Table 7-34. 

Example: You can make the transformer on binocular 
cores (using a single Fair-Rite 2873000202). For this case the 
ratios must be multiplied by a factor of two or three (1 turn = 
2 passes). 

Table 7-35 lists the turn ratios for the open-wire Bever
ages from Fig 7-98. Case A is for a two-wire Beverage made 
of 30-cm spaced open-wire feeders (Z = 710 Ω). Case B is for 
450-Ω twin-lead. Case C is for 300-Ω twin lead, and Case D 
is for 75-Ω twinlead. The calculations were made for the 
antenna wire 2 meters above ground. 

Commercially made transformers (all three) for the two-

Fig 7-99—This near-end receiving board, designed by 
W8JI, contains two transformers, the direction-switching 
relay and the termination resistor for the unused direction. 

Table 7-34
 
Transformer Design for Low, Two-Direction Beverages. See Fig 7-94 for Cases.
 

Case Zant Zcoax	 T1 T1 T2 T2 T3 T3 
n1 n2 n1 n2 n1 n2 

A 450 50 1.0 3.0 
450 75 1.2 3.0 
525 50 1.0 3.2 
525 75 1.2 3.2 
600 50 1.0 3.5 
600 75 1.2 3.5 − − − − 

B 450 50 1.0 3.0 3.0 1.0 2.0 2.0 
450 75 1.2 3.6 3.6 1.2 2.4 2.4 

C 450 50 − − 3.0 1.0 2.0 2.0 
450 75 − − 3.6 1.2 2.2 2.4 

The numbers are turn ratios. See text for details. 
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Table 7-35 
Winding Information for the Transformers Used in Fig 7-98. The Numbers are Turn Ratios. See Text for 
Details. 
Case in Z0 Coax Zant T4 T4 T1 T1 T5a T5a T5b T5b 
Fig 7-98 n2 n1 n2 n1 n2 n1 n2 n1 
(a) 50 330 1.0 3.8 1.0 2.6 2.6 3.8 0.7 3.8 
(a) 75 330 1.2 3.8 1.2 2.6 2.6 3.8 0.7 3.8 
(b) 50 425 1.0 3.0 1.0 2.9 2.9 3.0 1.4 3.0 
(b) 75 425 1.2 3.0 1.2 2.9 2.9 3.0 1.4 3.0 
(c) 50 450 1.0 2.4 1.0 3.0 3.0 2.4 1.8 2.4 
(c) 75 450 1.2 2.4 1.2 3.0 3.0 2.4 1.8 2.4 
(d) 50 475 1.0 1.2 1.0 3.1 3.1 1.2 2.5 1.2 
(d) 75 475 1.2 1.2 1.2 3.1 3.1 1.2 2.5 1.2 

wire Beverage antenna are available from K1FZ (www.qsl.net/ 
k1fz/) and from DX Engineering (www.dxengineering.com/). 
Fig 7-99 shows the circuitry at the “near-end” of the two-wire 
beverage, where the feed line is connected. Fig 7-100 shows the 
far-end reflecting transformer. 

2.15.4. Constructing Your Own Transformers 
I will briefly discuss the construction method of each of 

the transformers listed in Tables 7-34 and 7-35 and show 
typical performance data. The transformers were all built 
using MN8CX cores, but transformers made on other types of 
cores (see Section 2.8) should yield comparable results, as 
well as the binocular core (Fair-Rite 2873000202). The trans
formers wound on the binocular core have an extremely wide 
bandwidth (1 to over 30 MHz). 

Transformer T1 can be wound as shown in Fig 7-101A. 
Transformer T2 (Fig 7-94) should be wound as shown in 

Fig 7-100—The far end reflecting transformer with its 
three terminals: two going to the two-wire Beverage and 
one going to ground. 

Fig 7-101B. The isolation transformer T3 (Fig 7-94) can be 
wound as shown in Fig 7-101C. 

Fig 7-101D shows the winding layout for transformer T4 
from Fig 7-98. When properly adjusted the suppression of the 
common-mode signal was measured as > 45 dB. 

The open-wire reflection transformer (T5a and T5b from 
Fig 7-98) with separate primary and secondary windings is 
shown in Fig 7-101E. Fig 7-101F shows the equivalent trans
former wound as an auto-transformer. 

Fig 7-101—Winding layouts for the various transformers 
described in the text. 
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2.15.4.1. Housing the Transformers 
To house the transformers I have used both aluminum 

and PVC-type diecast boxes of appropriate size. The PVC 
boxes are inexpensive and do not need feedthrough standoffs 
for the output to the Beverage antenna. A stainless-steel screw 
with nuts and bolts mounted right through the plastic wall is 
all that is needed. 

Do not economize on coax connectors. One excellent 
way of waterproofing coaxial connections (and any others) is 
to squeeze plenty of medical-grade petroleum jelly into both 
connector parts before mating. Some petroleum jelly can be 
applied to the box seams to waterproof the whole assembly 
once the cover has been put on. Petroleum jelly is an excellent 
electrical insulator since it has a very low dielectric constant 
similar to Teflon and polyethylene. I have used the same 
material for protecting non stainless-steel antenna hardware. 
After many years of use in a humid and aggressive climate, the 
hardware still comes apart with no problems. Fig 7-102 shows 
possible layouts for transformer units for single-wire and two
wire Beverage antennas. 

2.15.5. Testing the Transformers 
The transformer T1, T2, T3 and T4 can easily be tested 

for SWR by terminating the secondary with a terminating 
resistor and checking the SWR with an antenna analyzer or a 
noise bridge. The balance of push-pull transformer T4 can be 

Fig 7-102—Suggested layouts for single and two-wire 
receiving end terminations. Plastic boxes are inexpen
sive and allow simple feedthrough systems to be used 
(screw and nut), while the toroidal transformers can be 
secured directly to the plastic material with silicone 
sealant. 

tested by connecting the two secondary outputs together and 
feeding a small amount of RF from any low-power source to 
this connection. A perfectly balanced transformer should 
yield no output at the low-impedance secondary from this 
configuration. The physical symmetry of the transformer may 
be adjusted (slightly adjusting turn spacings on the toroidal 
core) while performing this test until the lowest possible 
signal output is achieved. The balance can be assessed by 
temporarily disconnecting one of the secondary leads and 
measuring the signal-strength difference on the receiver. Bet
ter than a 40-dB difference should be easily obtainable. 

The insertion loss can checked as explained in Sec
tion 2.8. It should be less than 1 dB (typically ~ 0.5 dB) for all 
transformers. 

John, W1FV describes a procedure for “tweaking” the 
reflection transformer: “Adjust the turns ratio until the SWR 
in the reverse direction at the receiver end is flattest. By 
flattest I mean that SWR exhibits the smallest variations up 
and down over a wide range of frequencies, and not necessar
ily the lowest SWR. With an antenna analyzer like the AEA or 
MFJ, sweep the frequency from 1.8 to as high as 10 MHz and 
look for the SWR to change the least over this entire range, not 
just inside the amateur bands. This procedure usually gets 
you very close to the optimum.” 

2.16. Arrays of Beverages 
In the part of this chapter dealing with the principles of 

receiving antennas (Sections 1.6 through 1.12) I discussed the 
principles of broadside and end-fire arrays. Beverages make 
ideal elements for an antenna array. In both our vertical arrays 
as well as Beverages, broadband-phasing systems can easily 
be implemented because the feed-point impedance is stabi
lized through lossy mechanisms, such as series resistors in our 
vertical arrays or “natural” loss mechanisms in Beverages. If 
the losses are made large enough to swamp out or dilute 
mutual coupling and resonance effects the antenna feed-point 
impedance will remain stable and predictable, even when 
elements are end-fire phased with a unidirectional pattern and 
close spacing. 

In Section 1.16 you learned that in receiving arrays using 
short verticals as elements, you should use heavy resistor 
loading (75 Ω) in combination with the very low radiation 
resistance (1-2 Ω) to achieve this goal. You can use lossy 
elements because all you need is to overcome the noise, which 
on the low bands is noise received by the antenna rather than 
internal receiver noise. 

The radiation resistance of a Beverage is very low (1 to 
2 Ω). The remainder of the Beverage surge impedance (300 to 
500 Ω) is made up of dissipative losses in the ground under the 
antenna plus the termination resistance. With a single-rod 
ground termination these losses may be as high as 25% of the 
total system loss. This means that the overall loss resistance is 
typically 200 to 300 times higher than the Beverage’s radia
tion resistance, making for a very stable feed-point impedance 
and very low mutual coupling in the feed-point impedance 
even with other closely spaced Beverages nearby. 

Beverages also have the ideal characteristic of providing 
a relatively constant feed-point impedance over wide fre
quency range. This makes arrays of Beverages ideal candi
dates for wide-bandwidth phasing systems, eliminating 
complex switching systems that are required when large 
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verticals are used as array elements, since the verticals must be 
tuned at each operating frequency. 

Can you really improve Beverages by phasing them? 
Theoretically you can achieve a narrow forward lobe (and 
hence a very high DMF) using a very long Beverage. To 
achieve the same 55° frontal lobe beamwidth as from an 8-
Circle antenna (Section 1.30), you would need a 3-λ long 
Beverage (~550 meters on 160 meters), which poses two 
problems: 

•	 Not many have that much room for such long Beverages. 
•	 You run into space-diversity problems with this long an 

antenna, and you will never reach the results predicted by 
modeling. 

The only way to achieve a similarly narrow forward 
beam and hence a very high RDF is to use a broadside array of 
Beverages, exactly the same as what we did with short verti
cals in Section 1.11. You can obtain excellent results with 
shorter Beverages (1 to 2 λ  long) but these require a broadside 
spacing of a little over λ/2. There is no free lunch! 

Improving the Front-to-Rear ratio (the DMF) is also 
quite simple. Just put up two Beverages in an end-fire arrange
ment, exactly the same way I discussed using short verticals. 
End-fire Beverage phasing can also help reduce or eliminate 
signals picked up from the vertical down leads (Section 2.5.5). 

For calculating Beverage arrays I use a model where each 
beverage is set up as an inverted-V shape, with the highest 
point half-way (at 2 meters high), and sloped down to the 
ground at both ends. This is because with the T-shaped 
λ/4 terminations (see Fig 7-66C) in an array the termination 
wires would be too close together and mess up the modeling 
results. 

2.16.1. Beverages and Mutual Coupling 
Beverage antennas are very lossy and tightly coupled into 

the nearby Earth. As a result the mutual coupling between even 
very closely spaced Beverages is barely visible as impedance 
changes. Being non-resonant antennas emphasizes this charac
teristic. Elements on or near resonance exhibit the highest 
degree of mutual coupling (that’s why Yagi antennas work!). 

This can experimentally be confirmed this by putting 
some RF into one Beverage and measure the signal injected 
into an adjacent Beverage. Parallel Beverages spaced from 
each other by the same distance as their height above ground 
have about 30 dB of isolation. 

I confirmed this by modeling also. I modeled two Bever
ages fed in-phase and monitored the feed impedance while 
changing the separation between the antennas. 

2.16.2. Broadside Array of Beverages 
(Beverages in Phase) 

In Section 1.11 I discussed how the broadside configura
tion (for example, spacing two antennas λ/2 apart) can give a 
substantial narrowing of the forward lobe, however, without 
improving the F/B since signals arrive from the back and from 
the front in-phase. Narrowing the forward lobe is especially 
beneficial when you cannot use long Beverages to achieve this 
result. If you only have room for a couple of short Beverages, 
but you have the room to space two of them λ/2 apart, you’re 
in business for a super antenna. Unfortunately, if you are 
limited in space this is usually true in all directions, so 
broadside configurations are not a cure-all for everyone! 

Fig 7-103 shows the radiation patterns at a 20° elevation 
angle for a single 160-meter long Beverage (1 λ) and broad
side pairs spaced 40 and 90 meters at 1.83 MHz. Table 7-36 
lists the directivity data. As expected, the RDF improves 
considerably since we are narrowing the forward lobe, while 
the DMF changes less, except for the case of 90-meter spac
ing. Here the back lobe gets much narrower, although the 
geometrical F/B remains identical. 

Note the improvement in directivity in Table 7-36—not 
in the back but at right angles and in the front, as witnessed by 
a narrower forward lobe. By definition, two poor λ/2 Bever
ages make a relatively good pair in a broadside combination. 
The elevation angle is not lowered, however, and a pair of 
short Beverages will still exhibit a much higher takeoff angle 
(48° for 80-meter long Beverages) than a single long Beverage 
(33° for 1-λ long and 26° for 2-λ long). See Fig 7-105. 

Arrays of two broadside Beverages are not very common 
because of the wide spacing (λ/2 or wider) required for good 

Fig 7-103—A single 160-meter long Beverage (solid line); 
two such Beverages in phase, side-by-side, spacing 40 
meters (dashed line) and 90-meter spacing (slightly over 
λλλλλ/2, dotted line). Actual gain is irrelevant for receiving. 

Table 7-36 
Two Broadside 160-Meter Long Beverages at 1.83 MHz 

Single Two, Spaced Two, Spaced 
Antenna 40 meters 90 meters 

DMF 19.0 19.5 21.3 
RDF 10.2 10.6 11.9 
−3-dB Angle 78° 69° 48° 

Two Broadside 80-Meter Long Beverages at 1.83 MHz 
DMF (dB) 11.1 − 14.4 
RDF (dB) 7.3 − 9.6 
−3-dB Angle 90° − 48° 
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Fig 7-104—A single 80meter long Beverage (solid line) 
and two in a 90-meter-spaced broadside configuration 
(dashed line) on 1.83 MHz. Broadside makes the forward 
lobe narrow but does nothing for the F/B or the elevation 
angle. 

Fig 7-105—Elevation pattern (in main direction) for 
80-meter long broadside pair (solid line) and for 
160-meter long broadside pair (dashed line). 

performance. That much space is not often found in the 
suburban environment where most hams live. 

If you’ve got the space, however, a broadside configura
tion with a 0.67-λ spacing is a wonderful complement to an 
end-fire Beverage array (Section 2.16). This makes an end
fire/broadside combination a real winner, just as effective as 
an 8-Circle receiving vertical array (Section 1.30). 

2.16.2.1. Feeding an In-Phase (Broadside) Array 
Run equal-length coaxes to a common point, connect 

them in parallel and use a unun transformer to match the 
impedance to your feed line. DX Engineering sells a commer
cial splitter/combiner unit for this purpose (www. 
dxengineering.com/). 
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Large broadside spacings can give a narrow forward 
lobe. Through modeling it all seems very easy: Just increase 
the separation and keep feeding both in-phase. This way you 
can reduce the forward lobe’s −3 dB angle from 48° for S = 
90 meters to 35° for S = 135 meters and 27° for S = 180 meters. 
But that’s just modeling. In real life there are two major 
problems associated with the use of wide-spaced arrays: 

•	 The forward lobe becomes excessively narrow (30° and 
less), and you either have to be lucky that you’re shooting 
in the right direction or you need dozens of such arrays to 
cover all azimuths. 

•	 Space-diversity problems: Very often signals arrive at 
two very wide-spaced elements with different and con
stantly changing phases. 

W8JI’s experience is that up to 0.67 or 0.7 λ spacing the 
system is reliable and predictable, but over 0.8 λ the systems 
fall apart quickly. He wrote: “Large spacings improve S/N 
under a wide range of conditions, but are more critical and 
often require constant re-adjustment of phase. I have to 
change phase between two Beverages spaced 500 feet as 
much as 130 degrees during the course of one opening at 
times!!! With wide spaced arrays, a phasing control is a 
MUST if you are going to use them night after night. Some 
nights phasing them will be useless or actually hurt because 
phase will be shifting so fast it will be impossible to add the 
desired signals. On calm stable propagation nights large 
arrays work exceptionally well, but on nights when we are 
having geomagnetic storms they are mostly useless!” 

2.16.3. The End-Fire Beverage Array 
If you are after improving directivity in the rear of the 

antenna (improving the DMF), you can put up two Beverages 
fed as an end-fire phased array, just like what I described for 
short vertical elements in Section 1.6. The Beverages you wish 
to phase together need to be identical (same height and length). 

Modeling shows that as you reduce the spacing (called 
stagger or offset for end-fire phased Beverages) you can 
maintain the same directivity, but your output (gain) drops. 
Gain is, of course, not a major issue with low-band receiving 
antennas. And as opposed to what happens with narrow
spaced verticals in an array, you do not have increased mutual 
coupling when the stagger distance is decreased. See Fig 7-106. 

The stagger distance and the phasing angle (λ) are related 
to the null angle in exactly the same way as explained in 
Section 1.6. We can use the data in Table 7-1 for Beverages 
also. Assume you have two Beverages and you can stagger 
them 30 meters (66°) on 160 meters. You want to optimize the 
suppression for an offset null angle of, say, 30°. The phasing 
angle φ  will need to be 125°. See Table 7-37. 

Table 7-37 
End-Fire Pair of 160-meter Long Beverages 
(30-m Stagger, 5-m Spacing, 1.83 MHz) 
Performance Vs Phasing 

1 Wire, Well Two Two 
Terminated φ = 125° φ = 140° 

Gain (Ave Gnd) in dBi −10.1 −8.4 −9.2 
DMF (dB) 17.4 27.5 30.1 
RDF (dB) 10.1 11.3 11.6 
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Fig 7-106—At A, elevation patterns for a “poorly termi
nated” 160-meter long Beverage (solid line) at 1.83 MHz 
compared to identical (poorly terminated) Beverage 
(dashed line), in an end-fire configuration (spacing: 
5 meters, stagger: 30 meters, φφφφφ = 125°, R = 300 ΩΩΩΩΩ). At B, 
comparison of azimuth patterns for same antennas. Note 
how both elevation and azimuth patterns have been 
cleaned up. 

With end-fire phased Beverages the term spacing is 
normally used to indicate the lateral (side-by-side) spacing 
between two Beverages in an array. It is obvious that unlike a 
vertical array, we need to slightly side-position the Beverages, 
otherwise they would be on top of one another. 

2.16.3.1. How Much Spacing? 
In Section 2.16.1, I pointed out that Beverages hardly 

couple to one another. I have used spacings of 5 meters very 
successfully, and this can even be further reduced to 2 meters 
without any ill effects. Changing the spacing from 10 meters 
to 1 meter reduces the output by only 0.5 dB. 

An interesting aspect of using two Beverages in an end
fire configuration is that the F/B of the individual elements is 
not so important to achieve a very good directivity (DMF). 
After all, we get good directivity (DMF) with two vertical 
elements, and they do not have any F/B by themselves! In an 

Fig 7-107—Azimuth pattern for the end-fire Beverage array 
in Fig 7-106, but where the two Beverages have different 
termination resistances (850 and 425 ΩΩΩΩΩ) on purpose. 

Fig 7-108—Azimuth pattern on 1.83 MHz for a single 
320-meter Beverage (solid line); azimuth pattern for end
fire pair of 160-meter long Beverages, half the length 
(dashed line). 

end-fire Beverage array it is important that the two elements 
have a similar F/B, as you are going to subtract the signals 
from both elements. You only get zero if you subtract two 
identical numbers. It does not matter what the numbers are 
though. Two Beverages with a 10-dB F/B can produce 30 to 
40-dB nulls in an array, just as much as a pair where the 
individual elements already show 25 dB F/B. 

Fig 7-107 shows the pattern for the same array as 
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Fig 7-106, but where one Beverage is purposely misterminated 
with 850 Ω and the other one properly terminated with 425 Ω. 
The DMF of this array is 16.9 dB versus 30.1 dB for the case 
with identical termination resistances (425 Ω). Obviously, 
you should take care to use similar and stable ground systems 
on both sides and to use exactly the same termination resis
tances. 

2.16.3.2. Two Short Ones or One Long One? 
Let us compare two end-fire phased 160-meter long 

Beverages with a single 320-meter long one. (I wonder how 
many people can actually put up a 320-meter long antenna!) 
See Fig 7-108. The 320-meter long Beverage has a narrower 
forward lobe of 60° at the half-power points, vs 70° for the 
end-fire pair. This results in a better RDF for the long Bever
age of 13.2 dB vs. 11.6 dB, while the DMF is clearly better on 
the end-fire pair, at 30.1 dB vs 20.8 dB. In plain language, the 
single long Beverage has a narrower forward lobe and will be 
able to discriminate better against noise arriving from all 
directions (as well as QRM and noise coming from a direction 
close to the wanted direction), while the pair of shorter 
Beverages will give a much better discrimination against all 
QRM and noise coming off the back of the antennas. How 
narrow a forward lobe you can live with depends only on how 
many Beverages you can put up to cover all wanted directions. 

2.16.3.3. How Much Stagger Distance? 
If two Beverages (and the same holds true for verticals) 

are staggered λ/2 (“spaced” is the term for verticals), the array 
will need no extra phasing line to obtain a zero off the back at 
a zero wave angle, since signals at the end of equal-length feed 
lines are already out-of-phase. 

To use a Beverage over a wide frequency range, you must 
examine the stagger distances you can use so that the system 
works correctly on all bands. The rule is simple: The stagger 
distance should be not larger than λ/2 at the highest frequency 
on which the antenna will be used. For 7, 3.5 and 1.8 MHz, the 
stagger distance should not be greater than 20 meters. 

If you want to use the Beverages on 80 and 160 meters 
only, I would advocate using a stagger of 30 meters, which is 
a good compromise between size and gain. As with the 
vertical arrays, the gain drops as you reduce the stagger 
(spacing) distance. 

Fig 7-109 shows azimuth and elevation patterns for end
fire Beverages of various lengths for 160 meters. In Sec
tion 1.6, I described how you can move the point of maximum 
rejection in both the horizontal as well as the vertical planes 
by changing the phase angle φ. If you consider the average 
rejection in the back (the DMF), changing the phase angle in 
a limited range will have little influence. Fig 7-110 shows the 
80-meter patterns in the back of a two 150-meter long Bever
ages in an end-fire array with 30 meters stagger and 5 meters 
spacing for various lengths. From the shack you could change 
the length of the phasing line using relays or a coaxial switch, 
but I have found this to be of no practical value, unless you 
would want to put a null directly in the direction where you 
have a noise source on groundwave. Fig 7-111 shows the 3D 
pattern for the longest array in Fig 7-110. See Table 7-38. 

John, K9DX, rightly points out that the success of two 
end-fire Beverages may to a great extent come from phasing 
out omnidirectional signals picked up by the vertical down 
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Fig 7-109—End-fire phased beverages on 1.83 MHz 
(5 meters spacing, 30 meters stagger, φφφφφ =140°), of various 
lengths: solid line = 100 meters; dashed line = 150 
meters; 200 meters = dotted line; 250 meters = dashed
dotted line; 300 meters = dotted-dotted-dashed. 

Table 7-38 
Directivity of End-Fire Beverages 
(Stagger = 30 meters, φφφφφ=140°) on 1.83 MHz 

100 m 150 m 200 m 250 m 300 m 
DMF (dB) 24.6 30.6 29.0 33.0 33.8 
RDF (dB) 10.3 11.4 12.4 13.1 13.9 

Directivity of End-Fire Beverages 
(Stagger = 30 meters, φφφφφ = 70°) on 3.65 MHz 

100 m 150 m 200 m 250 m 300 m 
DMF (dB) 22.3 27.4 27.0 29.6 32.1 
RDF (dB) 10.5 12.6 13.9 14.0 15.9 
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Fig 7-110—End-fire phased beverages on 80 meters 
(5 meters spacing, 30 meter stagger, φφφφφ = 70°), of various 
lengths: solid line = 100 meters; dashed line = 
200 meters; dotted line = 300 meters. 

Fig 7-111—3D pattern of a 250-meter end-fire phased 
pair of Beverages on 160 meters. Note the extreme 
rejection of radiation in the back of the array. The DMF 
of this array is 34.2 dB (RDF = 12.2 dB). Pattern by 
Antenna Model. 

Fig 7-112—Two of the many end-fire phased Beverages 
at W8LRL’s super station. 

Fig 7-113—Two end-fire cells in a 1.83-MHz broadside 
combination: Solid line: a single cell; dashed line: two 
cells with 90-meter separation; dotted line: two cells with 
135-meter separation. See text for details. 

leads at both ends of the Beverage, or the vertical component 
in the sloping down leads, if used. Fig 7-112 is a photo of 
some of W8LRL’s end-fire Beverage arrays. 

2.16.4. End-Fire Plus Broadside Combinations of 
Beverages 

The ultimate array of Beverages is, like arrays of verti
cals, the end-fire/broadside combination. By putting two end
fire Beverage groups side-by-side (in-phase) you can further 
narrow the forward lobe and hence improve the RDF. Fig 7-113 
shows the radiation patterns of such an array, where each cell 
consists of two 160-meter long Beverages, spaced 5 meters, 
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Fig 7-114—Feed system for the end-fire Beverages array (top view). 

with a stagger distance of 30 meters and φ = 120°. A single cell 
is also shown in Fig 7-113 as reference. Table 7-39 gives the 
numerical data. This is simply awesome! The broadside con
figuration, obviously, does not do anything to the geometric F/ 
B (at 180°) of the array elements. 

2.16.5. Feeding an End-Fire Beverage Array 
Thanks to Tom, W8JI, who also brought to my attention 

the crossfire principle for feeding an end-fire array, feeding an 
array of end-fire Beverages has become very simple. Let us 
examine the design of an array for use on 160, 80 and 
40 meters. Again, the stagger distance should not be more 
than λ/2 on the highest frequency (see Section 2.16). 

For a spacing of 20 meters, and considering we want to 
lift the zero angle about 30° off the ground, we can calculate 
the design data using Table 7-1. In Section 1.19 I discussed 
the crossfire feeding principle for end-fire arrays. This prin
ciple can, of course, be applied to phased Beverages just as 
well as to phased verticals. From Table 7-40 the length of the 
cross-fire phasing cable, expressed in meters, is the same for 

Table 7-39 
160-m Long Beverages in End-Fire/Broadside 
Combination (φφφφφ = 120°) 

Single Cells Cells Cells 
End-Fire Spaced Spaced Spaced 

Cell 45 m 90 m 135 m 
DMF (dB) 31.8 32 34 34.7 
RDF (dB) 
3-dB angle 

11.5 
70° 

11.9 
61° 

13.0 
46° 

14.1 
34° Fig 7-115—Here’s how to make two phase-inverting 

Beverage transformers. Use a plastic box. 

7-80  Chapter 7 



Chapter 7.pmd 81 2/18/2005, 9:26 AM 

should find the same resistance for two
Table 7-40 Beverages of equal length and spaced close
Design Data for the 3-Band End-Fire Phased Beverage Array together. If one turns out to be 350 Ω and the 

1.825 MHz 3.65 MHz 7.15 MHz other 300 Ω, use 325 Ω on both. Next adjust 
20-m spacing in ° 45° 90° 180° the turns-ratio of your matching transformer 
Phasing Angle 139° 98° 16° for a 1:1 SWR at the impedance of the feed-
Crossfire Phasing 180 − 139 = 41° 180 − 98 = 82° 180 − 16 = 164° phasing line you will use. You should be able
Cable Length to get it down to less than 1.1:1 on at least two

Physical Length 12.34 m 12.34 m 12.6 m bands. It may be a bit tricky to get this low on
(VF = 0.66) three bands, but set your priorities (160 and 

the three bands, because the system, as explained in Sec
tion 1.20, tracks frequency. Look at Fig 7-114 and imagine A 
and B as feed points for two Beverages instead of two verti
cals. There is, of course, a slight offset (spacing) for the two 
parallel Beverages, which is not visible in Fig 7-114. 

With a Beverage you do not even need an inverting 
transformer! Take a look at Fig 7-115. Make two such trans
formers, and invert the phase (either primary or secondary) in 
one of them. Run the phasing line length (12.34 meters in the 
table above) plus, for example, 5 meters to the antenna requir
ing the leading current—that is, the antenna in the back. Run 
the same length coax (5 meters) to the front element. Connect 
the two cables in a Tee and bingo! You may want to insert a 
unun at this point to match the combined impedance (25 Ω or 
37.5 Ω) to the impedence of the feed line going to the receiver 
(50 or 75 Ω). See Fig 7-114 and Fig 7-116. 

As we do use the coaxial cable to give us the correct 
phasing angle φ (line length = phase angle), we must make 
sure that the SWR on the line is flat. This means we have to 
pay a little more attention to matching the feed line to the 
phased Beverages compared to a system using just one 
Beverage. 

Make sure you do everything in the proper sequence. 
First determine the best termination resistance for the Bever
ages by one of the methods outlined in Section 2.5. Make sure 
both termination grounds are of equal quality. Normally you 

Fig 7-116—A small unun transformer is used at the Tee 
junction of the feed lines coming from the two Beverages 
in the end-fire array. This makes for a 1:1 SWR on the feed 
line to the shack. The small waterproof box is elevated a 
few cm off the ground using small bamboo sticks. 

80 meters, of course!). 
Do not adjust the value of the termina

tion resistances to improve the SWR on the feed lines. You 
should only adjust the turns-ratio of the matching transformer. 

Of course all the precautions to avoid common-mode 
signal ingress into the feed lines apply for these systems as 
well as for single Beverages. Now you are all set for a unique 
experience in low-band listening delights! 

If you are in a position where you can set up a broadside 
end-fire combination (Section 2.16.4), two identical feed sys
tem as outlined for the end-fire array should be used, and the 
feed lines to the feed systems as show in Fig 7-92 should be 
combined using equal-length feed lines (in-phase). Again, a 
unun transformer may be used to obtain a proper match. 

2.16.6. The W8JI Parallelogram 
Here is the W8JI’s description of the antenna: “Although 

it looks like a large horizontal loop, this antenna actually is 
an array of two ground-connection-independent end-fire stag
gered Beverages. The short end wires form two single-wire 
feed lines at each end. One end-wire is series terminated with 

Fig 7-117—Top view of the layout of the W8JI Parallelo
gram array, which is basically a 2-element end-fire array 
of Beverages. 

Receiving Antennas 7-81 



Chapter 7.pmd	 82 2/18/2005, 9:26 AM 

exactly twice the resistance of a normal Beverage, while the 
short wire at the opposite end is the feed-point. 

Stagger and spacing determines feed and termination 
location, the offset at the two ends being mirror images. A top 
view, looking down from straight above the antenna is given 
in Fig 7-117. 

Notice the feed point is offset towards the termination 
end (front) of the antenna, and away from the null direction. 
This is typical for crossfire phased arrays. Crossfire arrays 
respond away from the delay line direction, exactly opposite 
conventional arrays. The termination is offset the same 
amount, but moves towards the feed-point end of the antenna. 

The feed-point terminals, being floated (push-pull), pro
vide 180-degree phasing between the two elements. The extra 
line length to the forward (left and front) element provides the 
“Stagger” delay. Consider the actual wire length of a “short 
side” called “X” (which is the same as Y1+Y2). This length 
is the same on both ends of the antenna. The difference 
between Y1 and Y2 must equal or be slightly less than stagger 
(S).To determine the offset of feed point and load: 

1.	 Measure length of the end-wire, length “X.” 
2.	 Measure stagger in the end-fire direction, “S” 
3.	 (X − S)/2 = Y2 
4.	 Y1 = X − Y2 

You may want to slightly offset the feed by making Y2 
longer and Y1 shorter. This will move the null upwards, 
forming a cone. It is best to model the results. Let’s review a 
system. 

X = 22 meters 
S = 21 meters 
Y2 = (X − S)/2 = 1 meter 
Y1 = 22 − 1 = 23 meters 
The difference is 22 meters, and that is the phase delay= 

(22×1.83×360)/299.8 = 48.3°. We have a 180° shift at the 
push-pull feed point (between points A and B), so −48.3° 
rotates to +131.7°. We have a 131.7° lead in the forward 
element, with a 48.3° spatial array delay. In the forward 
direction (towards termination) phase is (−48.3°) + 131.7° = 
83.4° out-of-phase. This results in nearly the voltage of one 
element alone, when the two element outputs of the long sides 
are summed. Towards the null (feed point) the phase is +48.3° 
+ 131.7° = 180° for a sin 180° = 0 or zero voltage, a perfect 
180° null. 

On the second harmonic forward array feed system 
phase is −96.6° rotated to +83.4°. Spatial array phase is now 
96.6°, or –96.6° towards termination. The result is (−96.6°)+ 
83.4° = −13.2° in the forward direction. The result is nearly 
twice the voltage of one element in the forward direction. In 
the reverse direction, array phase is −96.6° − 83.4 ° or 180° 
out-of-phase. We once again have zero back-fire response. 

The general pattern holds true for any length of S less 
than 180°, although grating lobes would make the pattern 
useless. This array, with 18-meter stagger S, is usable from 
about 5 MHz down to VLF.” 

Note that exactly the same analysis can be done with 
individually-fed end-fire arrays. You will also see that the 
shorter the stagger distance the lower the gain while the 
response off the back remains a perfect null, not necessarily 
in-line but at an offset angle (in elevation and azimuth). See 
Fig 7-118. 

W8JI continues: “Placing the feed point and termina
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Fig 7-118—Combined azimuth/elevation patterns at 160 
and 80 meters for the 150-meter long Parallelogram 
array. These are very similar to the patterns obtained by 
two individually fed end-fire Beverages. 

tion centered on the end-wires is like using 180-degree 
phasing. Placing the feed point and termination at the stagger 
minus side length distance is like using S-180 degrees phas
ing on any frequency with one exception, the antenna fires 
towards the feed-point offset. This always results in a perfect 
backfire null, regardless of frequency. 

If you wish to remove signals from the rear, the W8JI 
Parallelogram Array is a good broadband solution. It not 
only requires one transformer, one termination, and no ground 
systems at either end, it also is useful on several bands 
without switching anything! 

Remember the above example is a reasonably short 
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Table 7-41 
W8JI Parallelogram 

1.8 MHz 3.6 MHz 
RDF (dB) 9.2 11.8 
DMF (dB) 18.6 19.6 
−3-dB Angle 87° 69° 

antenna, performance improves as side-length increases. 
There is no reason why this antenna can’t be used from a band 
where it is only 1/2-λ long to bands where it is several 
wavelengths long, as long as you properly choose stagger and 
width.” 

Table 7-41 shows calculated performance data on 160 
and 80 meters. 

2.16.6.1 Feeding the W8JI Parallelogram 
The feed point impedance is about 900 Ω, so a 16:1 

transformer with minimal inter-winding capacitance should 
be used. The transformers described later in Section 3.8 
(feed systems for elongated loops) are well-suited for this 
application. 

2.17. Summing Up, Arrays of Beverage 
Antennas 
•	 End-fire Beverages help in canceling out the omnidirec

tional pick-up caused by the vertical (or sloping) down 
leads at both ends of the transformers (this may be one of 
the main advantages of end-fire Beverages). 

•	 Two 160-meter long Beverages in end-fire configuration 
allowed me to dig one layer deeper in the 160-meter noise. 
That’s how I worked VP6DIA (Ducie Island) as only one 
of two Europeans on 160 meters to do so. 

•	 The crossfire feed system is simple. (Thanks Tom, W8JI!). 
It works on up to three bands without any changes or 
switching. 

•	 To obtain best results (which are just short of spectacular), 
make sure you terminate the antennas properly and have a 
very low SWR on the feed lines. 

•	 If you are limited in length use two short beverages in an 

end-fire array (even two end-fire phased λ/2 Beverages 
are pretty good!) 

•	 If you can put up a pair of λ/2 spaced Beverages, put up 
two groups of end-fire arrays rather than a broadside 
group of individual Beverages. 

•	 You can’t imagine how good an end-fire pair is unless you 
compared it side-by-side with a single one in the same 
direction. I have seen some spectacular improvements, 
like signals generally off the back dropping from S7 to S1 
or less! Simply amazing. 

•	 In a QTH where there is no direction where most of the 
noise comes from, it may pay off more to reduce the −3-dB 
forward angle by going to a broadside array, than trying to 
achieve the best possible front-to-rear with an end-fire 
array. 

2.18. Beverages and Beverage Arrays 
Compared 

In Table 7-42 I compare DMFs and RDFs and the 
forward lobe at a 20° elevation angle for a variety of Bever
ages and Beverage arrays. All figures are for 1.83 MHz. 

2.19. Summing Up, Beverage Antennas 
I have been using Beverages since 1968. For me, Bever

age antennas have undoubtedly been the key to working my 
last 50 countries on 80 meters. As far as 160 meters is con
cerned, I would not like to think what it would be like without 
them. 

Since I started using end-fire phased Beverages, this has 
opened again a new world for me. Unfortunately, I cannot run 
broadside phased Beverages—the land available to me is 
much too small for that. I cannot not even run end-fire 
Beverage arrays in all directions, but I must say that my 
hearing to the US has been dramatically improved through the 
use of an end-fire pair. That is because most of the amateur
made noise on the bands (for example, during contests) comes 
from the SE, the opposite direction to the USA. Well, all of 
that has dropped another 20 dB since using the end-fire pair. 
It is just incredible. At first I though the antenna was “dead” 
as there seemed to be so little noise. 

I use the Beverages all the time on 80 and 160 meters. 
Unfortunately, I do have to take down most of my Beverages 

Table 7-42 
Comparing Beverages and Beverage Arrays 
Antenna description	 DMF RDF−3-dB-Angle Gain 

dB dB Degrees dBi 
80-m Long Beverage 11.1 7.3 90 −16 
160-m Long Beverage 19.0 10.2 78 −10 
300-m Long Beverage 21.3 12.9 62 −5 
Broadside 80-m Beverages, 90-m Spacing 14.4 9.6 48 −13.3 
Broadside 160-m Beverages, 90-m Spacing 21.3 11.9 48 −7 
Broadside 300-m Beverages, 90m Spacing 23.1 14.2 44 −2 
80-m Long End-Fire Beverages, Stagger = 30 m, φ = 140° 20.0 9.7 77 −15.5 
160-m Long End-Fire Beverages, Stagger = 30m, φ = 140° 30.1 11.6 69 −9 
300-m Long End-Fire Beverages, Stagger = 30 m, φ = 140° 33.8 13.9 57 -4 
160m Beverages in End-Fire/Broadside Array (*1) 34.0 13.0 46 -6.4 
160-m Beverages in End-Fire/Broadside Array (*2) 34.7 14.1 34 -6.4 
(*1): End-Fire Cell: φ = 140°, Stagger = 30 m, Broadside Spacing: 90 m 
(*1): End-Fire Cell: φ = 140°, Stagger = 30 m, Broadside Spacing: 135 m 
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I would like to thank Earl, K6SE, and Gary K9AY, 
for proofreading this next section. 

Fig 7-119—Beverages at ON4UN. The numbers are the 
target directions in degrees. Notice the phased Bever
ages to the US (300°). Twelve directions are covered, in 
approximately 30° steps. 

Fig 7-120—View to the NE (Japan) across the fields 
where I have my Beverages in winter. In the front, 10 and 
15-meter Yagis; to the right, the 160 meter λλλλλ/4 vertical. 

during the summer, which for me was “off-time” on the low 
bands. Summer is for bike riding, or writing a book… After some 
unsuccessful attempts using elongated loops such as Flags, I 
built a small receiving Four Square (see Section 1.28) in the 
small garden in the front of the house, so that I am not completely 
an alligator in the summer. I am very pleased with it, but it of 
course does not match the phased Beverages. With an 11-meter 
spacing the Four Square requires very careful adjustment to 
perform well on 160 meters. See Fig 7-119 and Fig 7-120. 
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3. THE FAMILY OF ELONGATED 
TERMINATED LOOPS 

Loops have been around a long time. W8JI told me he’d 
been using arrays of loops to work Japan in the 1970s through 
100-kW LORAN pulse emissions on 160 meters. These made 
it possible for Tom to be the first Eastern-USA station to work 
JA through the LORAN noise. In those days the JAs transmit
ted just above 1900 kHz, where all the East Coast LORAN 
pulse transmitters operated. Tom used an array consisting of 
no less than eight wire diamond elements in a series end-fire 
configuration, terminated at the far end. Tom told me it was 
Mr Topband himself, the much revered Stew Perry, W1BB, 
who told him that commercial antennas were also available 
using that principle as early as the 1960s, and that got Tom 
going! Nowadays, when we talk about small (terminated) 
loops, everyone thinks of EWEs, Flags, Pennants and such. 

The EWE, the Pennant, Flag, Delta, Diamond, and the 
K9AY all operate on the same principle of the terminated 
loop. The differences are in the way ground is used, how they 
are fed, and their physical shape. 

All these antennas basically produce a cardioid pattern. 
See Fig 7-121. The depth of the null and the null angle vary 
with the shape of the loop and the termination. The optimum 
termination value can vary with local ground conductivity. 
The directivity figures (DMF and RDF) are listed in Table 7-43. 
The directivity is very much the same as for a 
λ/2 Beverage that has been terminated for best directivity with 
a complex termination (see Table 7-38). 

Most of the published designs are based on optimum 

Fig 7-121—Radiation patterns of a EWE antenna (solid 
line = azimuth; dashed line = elevation). Whatever the 
dimension, whatever the shape (inverted U or 
inverted V), the shape of the pattern is always the 
same, provided the termination resistance is correct. 
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Table 7-43 

Typical Directivity Figures for Elongated Termi

nated Loop Antennas 

DMF RDF 
dB dB 

Typical Elongated Loop ~11 ~7.4 

dimensions, but almost any loop size and shape, grounded or 
ground-independent, can be made to work. First, the feed 
point and termination must have significant separation—for 
example, between the two bottom corners of a triangle or 
square, or be separated by the ground connection (as in the 
K9AY loop) or by the two ground connections (as in the 
EWE). Then it needs the right termination to establish the 
current distribution and phase along the antenna conductors 
to create the directional pattern. The termination may be 
resistive, or it may be complex, requiring R+L or R+C to 
obtain the desired pattern. 

While just about “any dimension” will give you a 
cardioid pattern for a specific termination resistance (imped
ance) over a more or less narrow frequency band, only the 
optimized designs combined bandwidth with performance 
and ease of terminating and feeding (with resistive imped
ances). 

On this issue of the loop’s size, K9AY wrote: “Most of 
the terminated loop designs are “lowpass” in their charac
teristics. That is, they are quite consistent in feed point Z, 
termination and pattern below a cutoff frequency. For the 
K9AY loop, the published dimensions in Sep. ’97 QST have 
that cutoff around 160 meters, which means that it behaves 
similarly in the AM broadcast band, or lower. A different 
termination is needed for optimum 80-meter performance, 
which is just above the “cutoff” frequency. The tradeoff is in 
the received signal levels. Smaller antennas, though more 
broadband, need more preamp gain. Larger antennas cap
ture more signal. The voltage across the feed point is pro
portional to the area enclosed by the loop.” 

Fortunately all of these loops have been optimized 
(thanks to K9AY and K6SE) so that their cardioid null is 
constant over a wide frequency range (160, 80 and 40 meters 
for most designs) and this can be obtained with a simple 
resistive termination equal to the feed impedance of the 
antenna. 

These elongated terminated loops are really a simple 
pair of verticals with a horizontal feed line, one being base
fed, the other being fed via the top wire. That provides 
crossfire phasing. When the element spacing is less than 
λ/4, this always fires towards the feed point end of the array. 
When properly terminated the loops show nearly constant 
current at all points on the loop. This constant current is 
achieved by terminating the far end of the loop in the same 
impedance as the feed point. Thus, the portions considered 
to be the vertical “elements” have equal current, with a phase 
equal to 180° plus the electrical length of the connecting 
wires, which is slightly more than the element spacing. 

It is impossible to make a simple comparison between 
two phased bottom-fed verticals. Due to the terminating 

resistor the antenna works much more as a traveling-wave 
antenna than as a standing-wave antenna. The antenna cur
rent is nearly uniform or slowly tapers (due to loss from 
radiation and resistance) in the antenna system and contains 
no or greatly suppressed “end reflection.” It is the terminat
ing resistor that equalizes the currents. The conductor and 
radiation losses are compensated by slight changes in the 
value of the resistor. Therefore the antenna has no standing 
waves and can indeed be called a traveling-wave system. 
This is also why the antenna is very broadband, and why it 
exhibits a good F/B on both 160 and 80 meters. 

In other words, the terminated loop is like two constant
current verticals with classic end-fire phasing. The only 
difference is the horizontal component in the radiation due to 
the radiating delay line (sloping or horizontal) of the termi
nated loops. 

This is the operating principle for the entire family of 
elongated terminated loops. Sloping (inclined) wires used in 
some of the designs are just like a horizontal wire in combi
nation with a vertical wire, and the same reasoning as above 
can be used. 

3.1. Modeling Small Receiving Loops 
K9AY, loop specialist par excellence, wrote on the 

Topband reflector: “NEC-2 modeling programs are suffi
ciently accurate for modeling these loops, even for ground
connected antennas, but do not try the usual technique of 
increasing the number of segments until convergence is 
reached. When designing the original K9AY loops, I found 
that the model closely matched observed behavior with one 
segment for each 11/2 feet of wire (on 160). Models for other 
loops behave similarly using this segmentation scheme.” 

There is nothing magic about the dimensions of a receiv
ing antenna such as the K9AY Loop or the EWE. You can 
easily brew your own using a NEC-2 based modeling program 
such as EZNEC. Just enter the dimensions and change the 
value of the terminating resistance until the best F/B is ob
tained. If you are looking for a well-balanced design, how
ever, you will probably end up with the dimensions published 
in the original design. 

I’d like to warn you once more that there is a difference 
between modeling and antenna building. Building a receiving 
loop (or any other receiving antenna for that matter) is not a 
mathematical exercise. I have seen umpteen radiation plots 
with high praises for a 67.37 dB F/B for a model. Great! Great 
what? Great mathematics, that’s all. Look, the proud designer 
of this antenna needed a 937.735 Ω terminating resistance! 
Go to the radio shop, or call Allen-Bradley or Ohmite and ask 
them for such a resistor. To obtain that kind of phenomenal 
F/B the ground conductivity must be stable “like a rock.” It 
should not vary more than 0.01 Ω. And the length of the 
antenna, should be measured to within 1 mm at worst… 

There is a definite difference between a model and 
reality; I will say over and over. And I will refrain from 
publishing more digits of accuracy than make sense. We 
should think in terms of absolute and relative error all the 
time. 

A little experimentation is normal after building the 
antenna according to the model. Also, once the antenna is 
working well enough to obtain 20 dB or more F/B, it takes 
careful measurements to discern any additional improvement. 
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3.2. The EWE Antenna 
Floyd Koontz, WA2WVL, is the originator of the EWE. 

His publications (Ref 1263 and 1264) are must-reads on this 
novel receiving antenna. Incidentally, the curious name “EWE” 
came about because Floyd noted that his new antenna looked 
very much like an upside-down letter “U.” He jokingly sub
mitted a drawing of a female sheep—a ewe—to headline his 
February 1995 QST article, which he impishly titled with the 
triple entendre “Is This EWE for You?” 

A EWE is small, requires little engineering, and can be 
designed to cover 80 and 160 meters. Moreover, the EWE is 
low profile and can be built for little money. In appearance, the 
EWE resembles a very short Beverage, though in fact it as an 
array of two short vertical antennas, where the horizontal wire 
is part of the (radiating) feed system. See Fig 7-122. 

The horizontal wire is only about 5 to 15 meters long and 
is about 3 to 6 meters above ground. In other words, an EWE 
can fit in many tiny yards. The original description by 
WA2WVL uses 3-meter high “elements” with a spacing going 
from 4.5 to 18 meters, depending on the band (80 or 
160 meters). 

A good rule of thumb is to build an EWE where the length 
is twice the height. This rule can be followed for elements 
going from 3 to 6 meters in height, and will result in an 
optimum termination resistance of approximately 1000 Ω for 

both bands. The smaller the array, the easier it is to obtain a 
good deep null, but the lower the output level. The larger 
versions will be near the cut-off frequency, where a deep null 
cannot be obtained. 

The output (gain) of the antenna depends on its size. The 
gain for 160 meters varies typically between –20 dBi and 
–30 dBi over average ground, and is about 9 dB higher on 
80 meters. The inverted-V shaped EWEs looks quite attrac
tive and can easily be made into a “hand-rotatable” receiving 
antenna: Just walk out in the garden and anchor the sloping 
wires to a different set of ground rods. It should be useful for 
DXpeditions as well. 

All with all ground-based antennas a good ground will 
lower the takeoff angle (typically about 35° for average ground). 
As usual, you have to be cautious with the modeling results as 
they are calculated for a flat and perfectly homogenous ground. 

The value of the terminating resistor is quite critical if 
you want to obtain a good notch in the back response. Since the 
ground resistance is part of the terminating resistance, a good 
low-impedance, stable ground is required. The ground resis
tance of a single ground rod may vary from as low as 50 Ω to 
as much as several hundred Ω. Although the terminating 
resistance is high (typically 1000 Ω), a ground consisting of 
more than one ground rod or a combination of a ground rod 
with various short radials is a good idea. 

Fig 7-122—Layout of the EWE antenna. The inverted-V-shaped EWE requires one insulated support; the inverted-U
shaped EWE requires two base-insulated metallic supports that are part of the radiator. 
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Varying ground conductivity not only has an influence 
on the effective total termination resistance but also on the 
velocity factor of the various elements of the antenna. The 
velocity factor is critical in determining the current distribu
tion necessary to obtain a cardioid pattern. 

It has been reported that the best way to tune an array for 
best F/B is to find a medium-wave BC transmitter in the back 
of the antenna. Using a medium-wave signal during day time 
ensures that you will receive it on ground-wave, and as such 
have a constant and stable signal source. Tune the terminating 
resistor for a full notch, striving for a minimum of 25 dB. This 
value will be very close to the best value for 160 meters and 
close to what’s best on 80 meters. 

You should use broadcast stations between 1600 and 
1700 kHz to do the null adjustment if you can. It is impossible 
to reliably adjust the termination resistance using signals 
arriving by skywave. You could also use a nearby local ham 
(in-line off the back) or set up a small signal generator off the 
back, using a small vertically polarized antenna, at a distance 
of at least 1 λ from the EWE (which means outside its near 
field). 

The feed-point impedance of a properly terminated EWE 
usually has a reactive component, but the real part is usually 
in the 400 to 600-Ω range. Being a grounded antenna, the 
EWE has an advantage over an “elevated” elongated loop, in 
that problems with common-mode ingression at the antenna 
feed point are a little easier to solve. 

The EWE antenna can be fed with a 1:9 transformer such 
as described in Section 2.8.1. Further, common-mode signals 
getting on the shield of the feed line can be avoided by 
applying the techniques outlined in Section 2.8.3. The fea
tures of the EWE can be summed up as: 

•	 Easy to build, but requires good grounds and radials at 
both ends. 

•	 Less critical in feeding compared to elevated loops. 
•	 More sensitive to varying ground conditions compared to 

elevated loops. 

3.3. The Rectangular Loop or Flag An
tenna 

A major drawback to the EWE is its extreme sensitivity 
to any change in the local soil conductivity. EA3VY was the 
first to come up with the idea of adding a ground wire between 
the bottom of the two verticals as an effective way to minimize 
the effect of different soil conductivities. 

As pointed out in Section 3, many dimensions will work 
but only the optimized ones provide the best directivity over 
the largest frequency range with a single termination resistor. 
See Fig 7-123. These standard values developed by EA3VY 
and K6SE are 4.27 meter (14 feet) high by 8.84 meters (29 feet) 
wide, with a bottom wire height of 2 meters (6 feet) above 
ground. These dimensions result in an antenna that has excel
lent characteristics from 7.5 MHz down. K6SE says, “The 
height by length ratio of the Flag is not a “happy medium” 
value. The correct dimensions were arrived at by designing 
the antenna to be broadband (ie, exhibit zero reactance at its 
feed point over a very wide frequency range). This required 
that the termination resistor value be equal to the feed-point 
resistance. To meet these criteria, the height and width 
dimensions had to be juggled until everything fit into place.” 

This configuration has a gain of approximately −28 dBi 

Fig 7-123—Optimized dimensions for the 160/80meter 
rectangular loop. 

on 160 meters, −18 dBi on 80 meters and –10 dBi on 40 meters. 
The loop is terminated with 950 Ω and fed in the centers of 
opposite vertical sections. Its input impedance on 160 meters 
is 950 Ω with a small reactive component (10 to 50 Ω). 

You can scale up the dimensions to get more signal 
output of the antenna. If you are not interested in using the 
antenna on 40 meters and if you have a lot of space, a flag 
twice the size of the K6SE/EA3VY design has a gain of 
–16 dBi on 160 meters, 12 dB more than the standard Flag. 
That is quite a difference and can be helpful overcoming 
problems with common-mode signal ingress (see Section 3.8). 
This scaling principle holds true for all types of elongated loop 
antennas. 

A properly designed Flag exhibits a high F/B ratio over 
any type of soil and at virtually any height above ground 
without need to change the dimensions or termination value. 
The directivity figures (DMF and RDF) are given in Table 7-43. 

K6SE, who has thoroughly tested all shapes and sizes of 
elongated terminated loop antennas, reports that the Flag 
antenna is probably the best of all configurations from the 
standpoint of being broadbanded and having gain. It has about 
6 dB more gain than an equal-sized Pennant (see Section 3.4). 

The shape and the size of this loop makes it attractive for 
a rotatable version. W7IUV describes such a design on his 
website (www.qsl.net/w7iuv/). Fig 7-124 shows W7IUV’s 
elegant loop. W7IUV says: “The choice of boom material was 
easy; a friend had some chain link fence top rail laying in his 
horse pasture. I volunteered to clean it up for him. I wanted to 
use bamboo for the spreaders, but none could be found for free 
or even cheap. Several materials were experimented with 
before settling on wooden clothes poles. This material is almost 
as light as bamboo and is readily available in most lumber
yards and home improvement stores. The spreaders were 
attached to the boom with square steel tubing welded to the 
ends of the boom. The tubing formed nice “sockets” for the 
wood poles to slip into. One through bolt holds it in place. If 
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Fig 7-124—Photo of the W7IUV rotatable flag. 

welding is not your thing, consider making a spreader mount
ing plate from a square piece of aluminum about 12 × 12 × 1/4 

inch. Drill for U-bolts in appropriate places.” 

3.4. The Triangular Loop or Pennant 
While optimizing the flag, K6SE and EA3VY developed 

the triangular-shaped loop. He named it the Pennant because 
its triangular shape resembles a flag pennant. The loop is fed 
in the center of the vertical section, while the load is situated 
where the sloping wires meet. It looks like the only limit as to 
shapes and dimensions of these kind of loops is your own 
imagination. 

Fig 7-125 shows the dimensions of the optimized Pennant 

developed by K6SE and EA3VY. 
As explained earlier, other dimen
sions can be used, but these yield the 
highest F/B over the widest fre
quency range for a single value of 
termination resistance. This design 
can be used from 160 through 
40 meters. 

The correct termination resistor 
for the Pennant is about 900 Ω, which 
can be placed either at the point of the 
Pennant or in the center of the verti
cal section—the results are identical. 
The feed point is at the opposite end. 
Gain on 160 meters is about –34 dBi 
(which is 6 dB less than the Flag), 
−24 dBi on 80 meters and –16 dBi 
on 40 meters. The exact values de
pend on local ground conductivity. 
Note that the 6-dB lower signal level 
is proportional to the difference in 
area enclosed by the loop, which is 
half as much as the Flag: 1/2 voltage = 
1/4 power (−6 dB). 

3.5. The Delta-Shaped Loop 
A EWE in the shape of a Delta loop has every bit as clean 

a pattern as the more classic ones. I think this antenna is really 
attractive for DXpeditions and for semi-rotatable setups. Just 
moving the base line around is all you have to do to change 
directions. During modeling it appeared that the best F/B was 
obtained with the terminating resistor mounted approximately 
20% from the bottom corner of the Delta loop. The antenna is 
fed in the opposite bottom corner. See Fig 7-126. 

The FOØAAA Clipperton Island DXpedition used this 
antenna in their operation. It is the only design that requires 
only one support and can be easily rotated manually, a very 
desirable feature for DXpedition use. The Clipperton team 

Fig 7-125—Layout and dimensions of the optimized Fig 7-126—Layout and dimensions of the optimized Delta 
Pennant antenna. antenna. 
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found the antenna to be very successful and many other 
subsequent DXpeditions have also used the Delta configura
tion. 

The optimum termination resistance for this design is 
also 950 Ω. The antenna was optimized for 160 meters and its 
output is about –33 dBi on 160 meters, −22 dBi on 80 and 
–13 dBi on 40 meters. 

3.6. The Diamond-Shaped Loop 
The diamond shaped loop derived from the flag, was 

developed thinking of a cubical quad element. The idea is to 
use the construction techniques and hardware for a 20-meter 
cubical quad element. See Fig 7-127. 

It is not necessary to use an equilateral loop—it can be 
elongated if that is easier to do mechanically. The elongated 
version also seems to provide a wider bandwidth than the 
equilateral configuration, for a fixed termination resistance. 
The feed impedance and the termination resistance is approxi
mately 1000 Ω in both cases and for the three lower bands. 
Equilateral version: 
L = H = 9 meters 
Gain: −29 dBi on 160 meters; −18 dBi on 80 meters; 

–10 dBi on 40 meters. 
Elongated version: 
H = 7 meters, L = 10 meters 
Gain: −31 dBi on 160 meters; −21 dBi on 80 meters; 

–12 dBi on 40 meters. 

3.7. The K9AY Loop 
Gary Breed, K9AY, described this loop very well in his 

Sep 1997 QST article (Ref 1265). This is another variant of the 
EWE, where the bottom wire of the loop is grounded in the 
center. See Fig 7-128. He pointed out in his article that the 
loop can really be any shape. The diamond shape K9AY used 
was dictated by practical construction considerations rather 
than anything else. All of the K9AY loops can be used on both 
160 and 80 meters, although optimal performance may require 
slight adjustment of the terminating resistance, as K9AY 

Fig 7-127—The diamond-shaped loop does not have to 
be exactly equilateral. The exact shape can be adjusted 
by the hardware you have available. 

Fig 7-128—The K9AY loop. 

pointed out in his article. 
While in all the previously described loops the feed point 

and the termination are separated by distance (they are at 
opposite ends of the elongated loops), in the K9AY loop 
“separation” is achieved by grounding the loop between the 
adjacent feed and termination points. Having the feed and 
termination so close to one another makes it easy to switch 
directions from a single box. 

Gary points out that the published dimensions in Sep 
1997 QST have a cutoff around 160 meters, which means that 
it behaves similarly in the AM broadcast band, or lower. A 
different termination is needed for optimum 80-meter perfor
mance, which is above the cutoff frequency. 

K9AY says: “The shape of the loop affects the shape of 
the pattern. The delta/triangle shape for the K9AY loop was 
chosen for two reasons: 1) it only needs one support, and 2) 
it results in a null at about 30-40 degrees elevation, which is 
ideal for in-country QRM reduction. A rectangle will work, 
but the null will be at a lower angle. This would be good for 
knocking down neighborhood noises, but it will have less 
front-to-back on sky-wave arriving signals. Something close 
to a square is OK, but a rectangle that wider than its height 
will have its null at a very low angle.” 

As with the other type of elongated terminated loops, the 
K9AY loop antenna can also be made smaller or larger by 
scaling it. The biggest tradeoff with small loops is in the 
received signal levels. Smaller antennas, though more broad
band, will require more preamplifier gain. Larger antennas 
capture more signal, but are more difficult to build because 
they require more space, and they may not work on 7 MHz. 

It is easiest to use an insulated mast for the loop. Make 
sure you use a good ground; for example, a 1.5-meter long 
ground rod. The ground rod is the antenna ground and should 
preferably not be used for grounding the shield of the coax, 
especially if the coax is not buried or placed on the ground, as 
I’ve recommended previously. 
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be switched in four directions. See Figs 7-129 to 7-131. 
•	 Because the “ground image” is part of the antenna, the 

signal levels with the K9AY loop are greater than with a 
Flag, Pennant or other ground-independent type with the 
same enclosed area. 

There are commercially-made versions available. See 
Fig-132. 

•	 Array Solutions, WXØB at www.arraysolutions.com/. 
•	 Wellbrook Communication, UK at www.wellbrook.uk. 

com/K9AY.html. 

3.8. Feeding Elongated Receiving Loops 
3.8.1. Impedances 

Optimized loops have a feed-point impedance that is 
essentially resistive over the design frequency range. The 
K9AY and the EWE have a feed-point impedance around 
500 Ω. All the other loops (Flag, Pennant, Diamond, Delta) 
show about 950 Ω. 

3.8.2. Symmetric—Asymmetric 
In theory, the requirements for a EWE or K9AY trans

former (like that for a Beverage) seem to be less onerous than 
for a Pennant or Flag, because the antenna operates in an 
unbalanced mode. If this is truly the case, there would be no 
other modes of operation to suppress, where the antenna can 
receive signals from all directions, filling in desired pattern 
nulls. 

That is the ideal world, using an ideal ground. But its 
pretty likely that these antennas have less than perfect grounds. 
A few 1.5-meter long rods at the feed point of the antenna do 
not present a 0-Ω ground impedance, and hence the antenna is 
less than perfectly “unbalanced.” As such, it is susceptible to 
common-mode ingress onto the outside of the feed line or onto 
any other conductor attached directly or indirectly to the 
ground system. That is why you should always use a trans
former with separate primary and secondary windings, even 

Fig 7-129—Two loops can be suspended from one mast, 
which makes it possible to switch four directions. The 
switch box can be mounted at the base of the mast. 

You can successfully use a metal mast that is insulated 
from both the ground and from the antenna wires. The termi
nation resistor varies from 500 to 600 Ω, and the feed-point 
impedance is around 500 Ω. 

The K9AY loop can be adjusted just like any elongated 
loop, by varying the termination resistance for best F/B ratio. 
Since the highest rejection is at relatively high elevation 
angle, it is not possible to find a sharp null when testing on 
ground wave at an almost 0° elevation angle. On the other 
hand skywave signals are unstable in nature, and not very 
suitable for a nulling exercise at higher angles. But even if you 
do a null at groundwave angles by prun
ing the resistor value for maximum F/B 
(maybe only 10 to 15 dB), this will still 
result in a 35-dB notch in the same 
direction at higher elevation angles (40° 
to 50°). 

The feed-point impedance is around 
500 Ω, so a 9:1 transformer is indicated. 
I recommend a transformer with sepa
rate antenna and coax grounds using 
independent windings. You should run 
the coax under ground and do not ground 
the coax near the antenna. 

The K9AY has a few advantages 
over the other loops that are above 
ground: 

•	 Being grounded at the feed point, 
the problems with a balanced feed 
point don’t exist. 

•	 The feed line can be buried in the 
ground, which effectively keeps 
common-mode currents off the Fig 7-130—Switch box for the K9AY loop. A split-winding transformer has
shield. replaced the 9:1 transmission-line type transformer used in the original 

•	 The antenna is small and can easily QST article. 
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Fig 7-131—Direction-switching unit. 

Fig 7-132—K9AY makes a commercial version of his 
K9AY loop. 

with antennas that are nominally unbalanced. 
With Flag/Pennant/Delta/Diamond antennas, which are 

fully balanced systems, preserving that balance is essential. 
For instance, do not use a metal box to house the transformer 
since it adds to the capacitive coupling from the loop to the 
feed line shield. A metal box may create imbalance unless 
very carefully positioned. The usual operating impedance of 
such loops is fairly high, and any added unbalanced capaci
tance can upset the voltage division between the loop termi
nals. This allows the loop to respond more to common-mode 
signals, where it acts like a short “longwire” antenna. Plastic 
boxes are cheaper and better in this case. 

Although we consider the loop as fully balanced by 
itself, this really is not the case because one side of the antenna 
is physically closer to ground. Even a perfectly balanced feed 
transformer (in terms of capacitive balance) is not always a 
guarantee for a perfectly balanced system, because the antenna 
itself is not perfectly balanced. 

This is also the reason why such loops should be well in 
the clear and everything around them should be as symmetri
cal as possible. The feed line should run away from the feed 
point along one of the axes of symmetry of the loop, preferably 
for a fairly long distance. This will preserve the symmetry, but 
on the other end it does create a long run of “in-the-air” coax, 
which again is like a nice “longwire” antenna. In this case the 
solution is to add a few common-mode chokes along the feed 
line so that the longwire effect is broken up. 

We should indeed do everything we can to keep com
mon-mode currents off the outside of the coax. The cable can 
radiate unwanted signals directly through the air and into the 
antenna itself, even if you ensure low capacitance between 
primary and secondary of your feed transformer. In other 
words, coupling can occur from induction and radiation fields 
even if perfect transformer isolation is obtained. As W8JI 
says: “Just because we call it a feed line, does not mean it 
doesn’t act like an antenna, one plate of a capacitor, or an 
inductor coupling through space to the antenna.” 

Once the cable drops down to the ground level, a series 
of high-µ cores on the coax, together with a good ground rod 
should keep common-mode currents on the remaining length 
of the feed line low. Once on—or preferably under—the 
ground, the feed line will carry very little common-mode 
signal. 

3.8.3. The Transformer 
The essential characteristics of a good transformer for a 

loop antenna are: 

•	 Lowest possible capacitance coupling between primary 
and secondary windings. 

•	 Low loss because signals are very low-level. 
•	 Good SWR is essential if you want to phase such antennas 

(you want the phase angle to be the determined by the 
cable length!) 

Let’s have a look at doughnut-shaped toroidal cores and 
binocular cores. While binocular cores are an excellent choice 
for Beverages and EWEs, large-sized toroidal cores can achieve 
substantially less inter-winding capacitance, but with a sacri
fice of a few tenths of a dB in insertion loss. 

It is not a bad idea to use a large core, since it will give 
you less insertion loss vs inter-winding capacitance. There
fore a FT140-size core is not a luxury for a receiving antenna. 
K6SE recommends using the FT114-77 core and for 50-Ω 
coax suggests using four turns for the low-Z winding and 
17 turns for the high-Z winding. 

W8JI recommends the same type-77 mix (µi = 2000) 
core. A FT82-77 toroid (OD is 0.825 inches and about 
0.25 inches thick) requires five turns for a 50 or 75 Ω winding. 

You can use a stack of three Fair-Rite binocular cores 
(2873000202) glued together with instant glue after you 
insert an insulating tube inside. Use #24 wire for the second
ary and the same wire inside an insulating sleeve (to mini
mize capacitive coupling) for the primary. See Fig 7-133. 
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Fig 7-133—Transformer
 
using three binocular cores,
 
glued together to make a long
 
one, as designed by W8JI. Heat

shrink tubing covers the three cores.
 
See text for details.
 

Table 7-44 
Winding Data for Binocular Transformer 
Transformation Low-Z High-Z 
500 Ω to 75 Ω 2 passes (1 turn) 5 passes 
500 Ω to 50 Ω 2 passes (1 turn) 6 passes 
950 Ω to 75 Ω 2 passes (1 turn) 7 passes 
950 Ω to 50 Ω 2 passes (1 turn) 9 passes 

Table 7-44 gives the proper winding data. Remember that 
going in one direction through a (stacked) hole is one pass, 
and two passes = one turn. 

Some transformers are commercially available: the 
TR9X and TR16X (K9AY design available from Array 
Solutions, WXØB at www.arraysolutions.com/) have sepa
rate primary and secondary windings but are tightly coupled 
and not designed for minimum inter-winding capacitance. 
The TRX-16 is designed for much lower inter-winding 
capacitance than the TRX-9, but not so low as to compromise 
loss, which is less than 0.5 dB. The two models use different 
core sizes and different winding methods. The TRX-16 has 
40 to 45 dB isolation between primary and secondary at 
160 meters, as measured in a 50-Ω system. This is equivalent 
to a coupling capacitance between primary and secondary of 
about 12 to 15 pF. 

3.8.4. Summing Up, Feeding Elongated Receiving 
Loops 

•	 Make sure your loop is as physically balanced as possible. 
•	 It’s better to have the loop 5 meters high than 2 meters. 
•	 Use a transformer with separate primary and secondary 

windings. 
•	 Use a transformer with the lowest possible capacitive 

coupling between primary and secondary windings. 
•	 Do not use a metal box to house the transformer. 
•	 Run the feed line along the symmetry axis of the loop for 

several meters. 
•	 Drop the coax down to ground, where you ground the 

shield to a good ground system. Insert a common-mode 
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choke at that point (between the ground rod and the shack). 

Finally, Tom, W8JI’s advice is worth seriously consider
ing: “While you won’t always see a difference with all these 
precautions, an ounce of prevention is worth it with low noise 
antennas.” 

3.8.5. What Else Can Go Wrong? 
I have tried to cover every imaginable aspect of common

mode coupling from the feed line to a loop antenna. This kind 
of coupling can either make it impossible to find a good deep 
null off the back, or can inject a lot of trash into the antenna. 
But there are other ways for your loop to not function as it 
should. 

If you cannot get a decent null, and you are not sure 
whether or not it’s your feed line causing the problem, elimi
nate your feed line. Use a small battery powdered receiver and 
a step-ladder (wooden!) and connect it to the loop with only a 
very short piece of coax. If you still cannot get a decent null, 
look for other conductors—most likely other antennas—cou
pling directly into your loop. 

3.9. The Termination Resistance 
Some users of receiving loops have found it useful to be 

able to adjust the termination resistor value from the shack. 
Some use a Vactrol VTL5C4 (75 Ω to 1.2 kΩ) or VTL5C2 
(200 Ω to 5.5 kΩ), which is an opto-coupled variable resis
tance, where the resistance value is a function of the applied 
dc voltage. WA1ION covers this in detail on his web site: 
(www.qsl.net/wa1ion/bev/bev_remote_term.htm). 

A word of caution: Using such a remote termination 
means more chances for common-mode problems! The rout
ing of the control cable supplying the dc voltage—and its 
common-mode decoupling— is once more a critical issue (see 
Section 3.7). 

3.10. Decoupling the Transmit Antenna 
Resonant transmit antennas in the vicinity of the loops 

will make them worthless. You either need to decouple 
the transmit antenna (move its resonant frequency during 
receive) or move the receive loop at least λ/4 from the trans
mit antenna. And in any of these cases it’s a good idea to erect 
a receiving loop by aiming it directly away from the vertical. 

If you cannot separate your receiving antenna that far 
from the resonant transmit antenna, you will have to “decouple” 
it. This is not only true for receiving loops but for all types of 
receiving antennas. The lower the output of such antennas the 
more they will be sensitive to coupling. It has been my 
experience that Beverages should also be kept at least λ/4 
away from a tall resonant transmit antenna. 

The following information on tower detuning is copied, 
with permission, from W8JI’s website. See Fig 7-134: “We 
can minimize re-radiation by making an area or areas of the 
structure “electrically vanish.” We often call this “de-tun
ing,” even though it is more correctly electrical trapping or 
sectionalizing of a structure. 

Most structures or towers, when detuned, have a section 
adjusted to represent a parallel tuned circuit. Section A and B 
carry out-of-phase currents. Picture the current flowing 
upwards in A. It must then flow downwards in B. Since it is a 
closed loop, these out-of-phase currents are equal and flow in 
opposite directions at resonance. The result is radiation from 
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Fig 7-134—The decoupling effect of inserting a parallel
tuned circuit in a tower. Turning Section B of the tower 
into a loop tuned to the offending frequency makes that 
Section vanish altogether. See text for details. 

sections A and B cancel each other. When section A and B are 
exactly resonant, sections D and C are isolated by a high 
impedance. The high impedance is caused by or related to the 
high current though the capacitor and the inductance of section 
A. When current is maximum, voltage drop is maximum. 

This results in the electrical structure on the right, with 
section A and B removed. In effect, we have created a trap 
much like the trap in a dipole. As in the trap dipole, current 
is maximum in the trap at the trap’s resonant frequency. 

The condition of proper tuning occurs with maximum 
current in section B, NOT minimum current!! To electrically 
sectionalize the tower and isolate C and D (and minimize 
radiation from A) section B must be tuned for maximum 
current! 

As either section C or D approach resonance by them

selves, the tuning condition will change. This would occur 
when D is grounded and near 1/4 λ or an odd multiple of 
1/4 λ long, or when C (with whatever is mounted on it) is self
resonant with section A removed!! 

Under this condition, you would either need to 
sectionalize and detune C or D with additional detuning, or 
move the location of sections A and B to a new point that 
(when isolated) prevents resonance in C and/or D. 

A few general rules apply. Pay attention to these guide
lines to ensure best results: 

•	 Never parallel-tune a large area. Certainly not an area 
over 3/16th wavelength long. 

•	 The detuning “loop” must have a good solid connection 
to the structure being detuned. Don’t connect the detuning 
wire out to a separate object or earth stake. 

•	 We want to adjust for MAXIMUM current in section B, the 
exception being when that would cause resonance in C 
or D. 

•	 We cannot have any electrically large structures or wires 
hanging from the tower in the area being detuned. 

•	 Ideally any cables passing the detuning area should be 
grounded to the tower at the top and bottom of the 
detuning area, or pass through that area in the center of 
the tower or mast. At the very least, cable shields should 
be bonded to the tower at the top and bottom of the cable 
run and unshielded cables placed inside the tower. 

•	 Tuning is fairly narrow. ~5% total BW is about all that 
can be expected in most cases, but this varies greatly with 
the system including distances to the other affected anten
nas and the amount of pattern distortion tolerated. 

•	 I’m surprised cables are often not grounded at the top and 
bottom of tall towers, and that unshielded control cables 
are not passed through the inside of towers. Cables should 
always be treated that way for lightning protection if for 
no other reason! 

Capacitor Size 
The amount of capacitance and the voltage rating of the 

capacitor is not easy to predict. The size depends on unwanted 
power levels that excite the detuned structure, the electrical 
characteristics of the detuned structure, and the Q of the 
detuning section. Capacitance values will be fairly high with 
short sections on lower bands like 160, almost certainly in the 
range of a few thousand pF for eg, 6 m long sections. The exact 
value would depend heavily on dimensions of the A to B loop. 

Voltages across the capacitor are generally not high, 
although they can be at times. The “loop Q” of A and B affects 
voltage, as does the amount of excitation and load presented 
by the impedances of C and D. 

MFJ sells a clamp-on calibrated current meter that will 
not perturb the system. It is a cheap version of a current meter 
I designed. This is a calibrated meter with internal amplifier 
that measures current from a few mA to 3 amperes, not the 
non-calibrated RF-sniffer commonly sold. Some RF-sniffers, 
including those by MFJ, actually change the impedance and 
resonant frequency of the system because the pick-up trans
formers are not properly designed and terminated current 
transformers. Avoid loop-stick type current meters, since 
they measure ANY external field and can provide misleading 
results. Use a current meter that is directly inserted in line B, 
or clamps around line B with the closed core of a terminated 
current transformer. Use a meter that does NOT perturb the 
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system when removed! 
Lacking a current meter, it is possible to tune this system 

with a grid dip meter, by forming a small one or two turn 
coupling loop. As an alternative, the loop can be broken at any 
point near the capacitor and a MFJ-259 or similar antenna 
analyzer connected in series. Proper adjustment is at the point 
were minimum impedance occurs. If that impedance is not low, 
you probably are not effectively detuning the structure. 

Multiple Stacked Antennas or Tall Structures 
When multiple stacked antennas are used, especially on 

a fairly tall tower, it may be necessary to sectionalize multiple 
points. Individual sections between antennas can be reso
nant, or appear electrically long. 

If the tower or structure or any part of the structure or 
tower becomes resonant when section A is tuned to present a 
high impedance, then we need to move section A or tune it to 
some condition other than maximum current (resonance). 
Adjustments under this condition can only be made two ways: 
•	 A sampling loop can be mounted on the structure 1/10 λ or 

more above or below section B and adjusted for minimum 
terminal voltage 

•	 Field strength of the pattern can be plotted, and the 
structure tuned for minimum pattern distortion 

Never detune an area that contains large Yagis or other 
electrically large objects, like long conductive guy lines, 
dipoles, or cables leaving the tower.” 

3.10.1. Switching the Decoupling Section During 
Transmit 

If you are decoupling your transmitting antenna, you will 
have to open-circuit the decoupling loop during transmit. If 
you use high power a small vacuum relay is a good idea. Do 
not use a bulky slow relay, as you will need it to switch 
quickly, in pace with your amplifier keying line. Run the coil 
voltage through a cable on the inside of the tower and decouple 
it well at the base of the antenna. I use a ferrite rod with 
20 turns of the small control cable on the rod. I added some 
good quality 0.01 µF decoupling caps to ground too. Again, 
see Fig 7-134. 

The relay should be switched from the line that switches 
your amplifier—that means that the relay energizing voltage 
should come on approx 10 to 15 mS (depending how fast your 
relay is) before RF appears. The same rules that apply for 
switching amplifiers apply. Using this system full break QSK 
is not advised. If you do want to use QSK, you will probably 
have to switch off the trap system. See also Fig 3-12 in 
Chapter 3. 

3.10.2. Gamma-Matched Tower 
If you have a gamma matched tower you may consider 

just turning the section where the gamma-match systems is 
installed into a resonant loop, this way decoupling everything 
that’s above the gamma attach point from ground. This way 
you only have to make a little switchbox located at the box 
containing the gamma series capacitor (see Fig 7-135). 

If the tower is about 90° long the gamma-match attach
ment point will be about 8 meters high. Electrically longer and 
shorter gamma-matched towers will require a longer gamma 
match (see Chapter 9). Use a small and fast vacuum relay to 
switch the gamma rod to the feed line or the loop. The return 
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Fig 7-135—Detuning a grounded gamma-matched tower. 
C1 resonates the loop; C2 tunes out the inductive 
reactance of the gamma rod. See text for details. 

of the loop at ground level should not be done through the 
ground. A heavy conductor or metal (aluminum) pipe is 
required. 

At my location it was necessary to detune my 160-meter 
quarter-wave vertical to minimize coupling to my small re
ceiving antenna, which is located less than λ/4 from the 
transmit antenna. I followed the tuning procedure described 
by W8JI above using an MFJ antenna analyzer. I tuned the 
loop with a 4-gang BC variable (2000 pF), which I later 
replaced with paralleled ceramic transmit-type capacitors. 

3.10.3. Detuning Base-Insulated Towers 
I described methods for detuning insulated towers in 

Section 2.9.1. 

3.11. Arrays of Loops 
Elongated terminated non-resonant loops make excel

lent candidates for wideband arrays, with elements either fed 
in-phase or in an end-fire configuration, using the crossfire 
phasing method. These are broadband, high-loss antennas. 
But the effects of mutual coupling are hardly visible on their 
feed-point impedances, similar to arrays of Beverages. 
Receiving loops can be used as elements in any of the array 
configurations described for verticals or Beverages. 
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Fig 7-137—Layout of the 2-element end-fire Flag array. 

Putting two Flags behind one another and feeding them 
end-fire with the appropriate phasing angle (see Table 7-1) can 
do wonders for directivity patterns (see Figs 7-136 and 
7-137). These Flags were fed with φ = 160° on 160 and φ = 140° 
on 80 meters. Table 7-45 shows directivity figures of phased 
loop arrays compared to single loops. Note that the DMF jumps 
up from about 10 dB to roughly 25 dB, quite a spectacular 
change. There is not much gain in RDF, since most of the 
improvements are in the back of the array. Note the substantial 
reduction in −3-dB beamwidth as well as the reduction in high
angle radiation because of the close spacing and the high φ 
angle. This high φ angle, of course, results in a relative loss of 
the array vs a single element, instead of what you might expect 
in terms of gain for an array. If you phase the system for gain, 
you would use a much smaller φ-angle, but would reap very 
little directivity improvement. Again: there is no free lunch! 

This array can be fed using the crossfire principle as 
shown in Fig 7-114 for two Beverages. Here too you should 
take care that the SWR on the phasing lines is kept to less than 
1.1:1. This can easily be achieved by adjusting the turns-ratio 
of the matching transformer. 

F. Koontz, WA2WVL, described arrays of EWEs in one 
of his QST articles (Ref 1264). Two EWEs in broadside, 
spaced approximately λ/2, give the lobe-narrowing effect also 
seen with arrays using verticals and Beverages. There is no 
improvement in either back-lobe or high-angle behavior. We 
know from Section 1.11 that ~0.67-λ spacing results in much 
better directivity (RDF), since it lifts the elevation pattern off 
the ground. 

The ultimate on-paper configuration is the four-element 
EWE array, being a combination of two side-by-side (in
phase) end-fire cells in an in-phase broadside array (similar to 
the array with vertical elements in Section 1.12 and the array 
of Beverages in Section 2.16.4). In this case the improvement 
from the end-fire cell is combined with the narrowing effect of 

Fig 7-136—End-fire phased Flags, 5 meters spacing with 
20-meter separation. At A, single Flag on 160 meters 
(solid line); phased Flags (φφφφφ = 160°, dashed line). At B, 
single Flag on 80 meters (solid line); phased Flags (φφφφφ = 
140°, dashed line). 

Table 7-45 
Directivity Figures of Single and End-Fire Phased Flags 

Single Loop 160 Phased Loops 160 Single Loop 80 
Gain (dBi) −29.0 −30.4 −18.5 
DMF (dB) 11.4 21.6 10.7 
RDF (dB) 7.4 10.0 7.0 
−3-dB Angle 147.0° 98.0° 156.0° 

Phased Loops 80 
−16.0 

19.3 
9.1 


113.0° 
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Table 7-46 
End-Fire and Broadside Combinations of Receiving Loops 

2 End-Fire 2 Broadside 4 End-Fire/ 4 End-Fire/ 4 End-Fed/ 
Loops Loops Broadside Broadside Broadside 

Loops Verticals Beverages 
Sec. 1.12 Sec. 2.16.4 

DMF (dB) 21.5 16.4 26.6 19.5 34.7 
RDF (dB) 9.9 10.4 12.3 12.7 14.1 
−3-dB Angle 98.0° 55.0° 50.0° 46.0° 34.0° 

Fig 7-138—Broadside array of two Flags, separated 
0.61 λλλλλ (solid lines) compared to broadside array (0.61 λλλλλ
lateral spacing) of two flags cells, each cell containing 
two flags (dashed lines). 

the broadside combination, yielding very good directivity 
figures (see Figure 7-138 and Table 7-46). 

Of course, once you start envisioning broadside arrays, 
you need a lot of room (100 meters spacing or more). We 
already know the disadvantages of a receiving antenna with a 
very narrow −3-dB forward beam angle: Where should you aim 
it? We should not forget that on the low bands signals often 
deviate 30° to 45° (and even more sometimes) from the theo
retical great-circle direction. Of course, you can put up 12 such 
arrays. Did I start out saying that loops are receiving antennas 
suitable for being used on small properties? I think these giant 
arrays are more for modeling fun than anything else! 

4. RANKING RECEIVING ANTENNAS 
Elongated terminated loops (the EWE, Flag, K9AY, etc) 

are right at the bottom of the performance list, showing the 
least degree of directivity. But they are also so much better 
than having to listen on your vertical transmitting antenna. 
Ask anyone who has such a loop and who’s never had a “big” 
receiving antenna. The merit of such receiving loops is a small 
footprint and their relative simplicity. We do, however, have 
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to take care of common-mode signal ingress into the feed 
system. Use the correct transformer, keep everything bal
anced, route the feed line correctly and decouple/ground the 
feed line to make it “dead” on the outside. 

The best thing about Beverages is their simplicity. Even 
if they are not well engineered, and not installed or tested with 
care, they always seem to work “pretty well.” Even the 
simplest forms of Snake antennas seem to work. But careful 
engineering and proper terminating can improve directivity 
quite substantially. Proper feeding and the use of good grounds 
and careful attention to common-mode problems are certainly 
areas where many existing Beverages can be improved. 

Beverages are much simpler than arrays of verticals to 
engineer and to build, and the larger Beverage arrays outper
form large vertical arrays by a significant margin. To be 
honest, I must admit that the end-fire broadside Beverage 
array takes 1.5 to 2 times as much room as the 8-Circle vertical 
array. Engineering, building and tuning a vertical array for 
receiving is a nice challenge for a technically inclined ham. 
Excellent directivity figures can be obtained on a relatively 
small footprint. A 2-element end-fire array may not take up 
much more area than a Flag but it will give you substantially 
better directivity. 

Let’s have a look at some directivity figures of vertical 
arrays and Beverages. All figures are for 1.83 MHz (modeled 
over “average” ground). From Table 7-47, which also lists 
the −3-dB forward angle, you can clearly see that in addition 
to the rejection off the back, the RDF figure also takes into 
account the narrowness of the forward lobe. Look at the 
6-HEX and the 8-Circle, which both have an identical score 
for DMF (the directivity in the back), but where the 8-Circle 
scores a substantially higher RDF figure because of its narrow 
forward lobe (55° for the 8-Circle versus 78° for the 6-HEX). 

5. SUMMING IT UP ON SPECIAL 
RECEIVING ANTENNAS 

When I analyzed the results of the poll I ran among some 
300 leading low-band DXers, I was amazed to see some of the 
top-scorers did not use Beverages or other special receiving 
arrays. After studying the data further, I found that those were 
the guys using directive antennas—arrays and/or Yagis on 
80 meters. 

Happy are the very few who categorically say: “I don’t 
need a special receiving antenna. My transmit antenna is 
better than Beverages, even phased ones.” I only know a few 
stations that can say that: K9DX on 160 and K4JA on 80 meters, 
both using a 9-Circle antenna (see Chapter 11). 

I have received so many requests to write about small 
receiving antennas that would out-hear W8JI’s Beverage 
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Table 7-47 
Arrays of Short Verticals 

DMF RDF 3-dB Angle Gain dBi Ref 
2 Ele End-Fire λ/4 Spacing, φ = 135° 16.1 9.3 132 −12 Sect 1.8 
2 Ele End-Fire λ/8 Spacing, φ = 155° 17.7 9.8 120 −16 Sect 1.14 
2 Ele End-Fire λ/16 Spacing, φ = 165° 17.9 9.8 121 −21 Sect 1.14 
4-Square Side λ/4, φ = 120° 24.0 11.6 86 −8 Sect 1.23 
4-Square Side λ/8, φ = 140° 25.9 11.9 86 −15 Sect 1.23 
4-Square Side λ/16, φ = 160° 27.6 12.0 85 −23 Sect1.23 
6-Ele Stone-Hex 305-m Diameter 27.4 11.7 79 −19 Sect 1.28 
8-Circle, φ = 120°, Diameter 0.594 λ 22.6 12.3 55 −8 Sect 1.29 
Broadside 2 Ele Bidirectional (#) 9.7 47 −10.5 Sect 1.11/1.2.2.1 
Broadside 4 Ele Bidirectional (#) 12.4 25 −7.9 Sect 1.11/1.22.2 
Broadside/End-Fire 4 Ele 21.3 12.7 46 −4.7 Sect 1.12/1.22.3 
Broadside/End-Fire 8 Ele 27.1 15.7 24.5 +0.7 Sect 1.12/1.22.4 

Beverages and Arrays of Beverages 
80-m Long Single Beverage 11.1 7.3 90 −16 Sect 2.16.2 
160-m Long Single Beverage 19.0 10.2 78 −10 Sect 2.16.2 
300-m Long Single Beverage 21.3 12.9 62 −5 − 
Broadside 80-m Beverages, 90-m Spacing 14.4 9.6 48 −13.3 Sect 2.1.6.2 
Broadside 160-m Beverages, 90-m Spacing 21.3 11.9 48 −7 Sect 2.1.6.2 
Broadside 300-m Beverages, 90-m Spacing 23.1 14.2 44 −2 Sect 2.1.6.2 
80-m Long End-Fire Beverages, Stagger = 30 m, φ = 140° 20.0 9.7 77 −15.5 − 
160-m Long End-Fire Beverages, Stagger = 30 m, φ = 140° 30.1 11.6 69 −9 Sect 2.16.3 
300-m Long End-Fire Beverages, Stagger = 30 m, φ = 140° 33.8 13.9 57 −4 Sect 2.16.3 
160-m Beverages in End-Fire/Broadside Array (*1) 34.0 13.0 46 −6.4 Sect 2.16.4 
160-m Beverages in End-Fire/Broadside Array (*2) 34.7 14.1 34 −6.4 Sect 2.16.4 

Loops and Arrays of Loops 
Elongated Terminated Loop (EWE, Flag, K9AY etc) ~11 7.5 ~145 −29 Sect. 3 
2 End-Fire Loops 21.5 9.9 89 −30  Sect 3.11 

arrays or K9DX’s 9-Circle. We should all know there is no 
free lunch in this cruel radio world! You now know the 
directivity figures (DMF and RDF) of the elongated loop 
antennas (Flags and such). That’s it. You know you can do 
better with a small Four-Square array, but it takes a lot more 
engineering and building effort than to put up a Flag. Again, 
there is no free lunch. Even a 2-element end-fire array with 
vertical elements is substantially better than the elongated 
loops, because they have no high-angle radiation, while the 
loops have high-angle radiation from the horizontal or sloping 
wires. Clearly this is an incentive to build something better 
than such receiving loops. A 2-element end-fire pair does not 
have to be big. Six-meter tall elements (top loaded) and a 
spacing of 10-15 meters can set you on the road. 

And, of course, you never can have too many good 
receiving antennas. Tom, W8JI, and Wally, W8LRL, are the 
proverbial proofs of the pudding. K4ISV’s statement “Can 
you imagine a fisherman going out with only one bait?” makes 
a lot of sense. But I would immediately like to add that if you 
choose to have a bunch of antennas, do make sure they do not 
couple with one another or you will have a totally uncontrolled 
condition where anything can happen. 

In Chapter 1 on propagation I mentioned a fairly typical 
phenomenon of high-angle propagation before sunset or after 
sunrise. Under such circumstances a low dipole will outper
form a long Beverage because of its angle of radiation. A low 
dipole is definitely also useful in your gallery of receiving 
weapons. As Frank Donovan, W3LPL, has said: “You can 
never have too many antennas.” 

6. PREAMPLIFIERS 
All special receiving antennas described in this book are 

low-gain antennas. Antennas with a nominal gain of as low as 
–15 dBi will normally not require a preamplifier, unless you 
live in a very quiet rural area and have very long, lossy feed 
lines. That means that Beverages, even with feed lines of many 
hundreds of meters long, will—as a rule—not require a pream
plifier. Unless of course you like to see you’re S-meter 
dancing up and down like a yoyo. But signal readability has 
nothing to see with dancing S-meter needles. It is only a 
question of signal-to-noise ratio. 

But we have also seen receiving antennas such as loops 
with gains of –30 dBi, and that is pretty low and does require 
some signal boosting. How do you know if you need a 
preamplifier? The rule is simple. During the quietest moment 
of the day (usually at noon on 160 meters), with your receiver 
set at the narrowest bandwidth you normally use, can you hear 
the noise go up significantly when you switch from a dummy 
load to your receiving antenna? If you can, then you have 
enough gain in your system. 

If you hear the receiver’s internal noise and not band 
noise, then you need a preamplifier. You have a problem 
because: 

•	 The antenna output might be extremely low (less than 
–15 dBi, for example). 

•	 The feed line might be very long and/or lossy. 
•	 You need to compensate for filter losses, splitter losses 

etc. 
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As a rule you should keep the signal level as low as 
possible to prevent chances of intermodulation and over
load. This is also why our receivers have a front-end-attenu
ator, as well as a switchable preamplifier. 

In most cases you can put the preamplifier in the 
shack. The signal loss in the feed line is a loss that affects 
both the signal and external noise. That means that the loss 
in the feed line does not affect the S/N ratio. In most 
circumstances moving the preamplifier to the antenna will 
not affect the system unless the feed line loss is so high that 
the noise floor is indeed established by the preamplifier and 
not the antenna. 

All my Beverages are fed with 5/8-inch Hardline so the 
line losses are totally negligible, even though some of my 
feed lines are more than 300 meters long. My small receiv
ing Four Square is very close to the house, so the coaxial 
losses using RG-6 are very low. I have use both a K9AY duo
band 80 and 160-meter preamplifier (model PRE1) and the 
DX Engineering push-pull preamplifier, both of which I can 
highly recommend. On 160, I can add another 10 dB of gain 
by using the very selective (band-pass filtered) preamplifier 
by Karl Braun. With all this gain I can hear band noise even 
during the quietest moments. 

In the shack I can use the Braun SWF 1-40 (multiband) 
preselector preamplifier, which can give me up to 8 dB gain 
and a lot of selectivity, if required. A number of preamplifi
ers have been described in the literature (Ref 257, 267, 1232, 
1251, 1254 and 1256). 

Untuned preamplifiers using MMICs are not the right 
choice. MMICs have poor IMD performance and are also 
very poor with even-order harmonic distortion. They have a 
fixed gain, which is usually way too high anyhow. Last but 
not least, they withstand little abuse. 

Larry, W7IUV, has published a 160-meter preamplifier 
design (Fig 7-139) with very good characteristics. With his 
permission I quote from his web site (www.qsl.net/w7iuv/): 

“Here is a schematic of an amplifier that I have used for 
a number of years. It’s based on a CATV transistor and gives 
pretty good IMD performance and a gain of about 20 dB. 
This circuit provides good performance from 100 KHz to at 
least 30 MHz. 

Through the years I have modified the basic schematic 
for specialized applications. Recently I made a change to 
the bias and increased the idle current to around 75 mA. 
This causes the transistor to run a bit warmer, but also 
increased the third order intercept point. The “new” de
sign measures 18 dB gain and +20 dBm power output for 
1 dB compression. I was also able to run a third order 
intercept for this circuit and the OIP3 is reasonably good 
at +39 dBm. While the “old” circuit was good, I could just 
detect AM broadcast IMD products on a quiet band. With 
the “new” circuit, I can detect no IMD products any place 
on Topband when using any RX antenna I have. Remember 
the transistor will dissipate a little more power and really 
needs a small heat sink. 

The 2N5109 transistor is the device recommended for 
this application. However, the 2N3866 is useable if the 
2N5109 is not available. I also recommend that you shield 
the pre-amp very well and provide adequate de-coupling on 
the power supply leads. Noise from switching power supplies 
in local computers, as well as AM broadcast signals, can 
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Fig 7-139—Schematic of the W7IUV 160-meter preamp, 
which has excellent IMD performance. 

Fig 7-140—High-performance 12dB gain amplifier with 
excellent strong-signal handling characteristics, origi
nally developed by Ulrich Rohde, KA2WEU, and modified 
by Sergio Cartoceti, IK4AUY. T1 and T2 are each 12 
trifilar (twisted) turns of 0.35-mm (AWG #27) enameled 
wire on an FT-50-43 ferrite toroid core. T3 and T4 are 
each a 9-turn primary and a 2-turn secondary (0.35-mm 
AWG #27 enameled wire) on an FT37-43 core. 
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cause problems in overall performance if they get into the 
pre-amp power supply. 

I have had a number of requests for vendors who could 
supply the 2N5109. Since I made my buy years ago, the 
vendor I used no longer stocks that part. However, Mouser 
Electronics (www.mouser.com) does carry it now.” 

Sergio, IK4AUY, described an excellent preamplifier 
as part of his article “A High Level Accessory Front End for 
the HF Amateur Bands” in Apr/March 2003 QEX (Ref 1267). 
The schematic of his preamplifier is shown in Fig 7-140. 
The performance data are just short of spectacular: 

•	 3rd order intercept (OIP3): +43 dBm 
•	 1 dB compression: +24.5 dBm 
•	 Gain: 12 dB (1 to 30 MHz) 
•	 Noise figure: 3.9 dB at 30 MHz 

T1 and T2 are each 12 trifilar (twisted) turns of 0.35 mm 
(AWG#27) enameled wire on a FT50-43 ferrite toroidal 
core. T3 and T4 are nine turns primary and two turns 
secondary (same wire), wound on a smaller FT37-43 type of 
core. If a higher gain than 12 dB is required, you can easily 
connect two such preamplifiers in cascade. 

Each transistor is biased for around 60 mA, so the total 
current drain is 120 mA at 13.5 V dc. All details on this 
preamplifier were graciously provided by Sergio Cartoceti, 
IK4AUY. See Fig 7-141 and also www.qsl.net/ik4auy/. 

Many commercial-grade preamplifiers are available, 
some better than others. The ones listed below have good to 
excellent characteristics. Some popular models behave very 
badly in the presence of strong signals. 

K9AJ’s excellent preamplifiers (model PRE1 covers 
160 and 80, model PRE2 covers 160 through 40) as well as 
the ICE single-band preamplifiers) are available from Array 
Solutions-WXØB (www.arraysolutions.com/). 

Advanced Receiver Research (www.advancedreceiver. 
com/index1.html) sells a 20-dB preamplifier (model 
PO.5-30/20VD) covering 0.5 to 30 MHz with a noise figure 
specified at 2.5 dB and excellent strong-signal-handling 
capability. Some measured performance data (source W8JI): 

•	 Gain compression: 1 dB compression at 21.5 dBm out
put (spec = 22 dBm) 

•	 3rd order intercept point (OIP3) = + 30dBm 
•	 Noise figure: 5.4 dB (spec = 2.5 dB) 

Braun (Karl Braun, Deichlerstrasse 13, D-90489, 
Nuerenberg, Germany) makes a whole range of band-fil
tered mono-band preamplifiers (see Fig 3-14). The 160-meter 
model has better than 40 dB rejection at 1,5 MHz and at 
2.4 MHz (passband is 1810 to 1910 kHz). 

DX Engineering push-pull amplifier model RPA1: This 
new broadband amplifier, designed by W8JI and shown in 
Fig 7-142, has outstanding characteristics: 

•	 Gain: 17 dB 
•	 1 dB compression: at +26 dBm (400 milliwatts output) 
•	 3rd order intercept point (OIP3): +43 dB 
•	 Noise figure: 3.4 dB 

For more details: www.dxengineering.com/. Tom, 
W8JI, has published measurement data on his web site: 
www.w8ji.com/pre-amplifiers.htm. 

Fig 7-141—The 
IK4AUY preamp, 
modified from the 
design by Ulrich 
Rohde. 

Fig 7-142—The DX Engineering push-pull amplifier 
designed by W8JI. 

6.1. How to Assess the Relative Quality 
of Preamplifiers 

W7ZOI introduced a figure of merit for receiver systems, 
which he called the RECEIVER FACTOR with bandwidth 
invariant parameters: 

RF = IIP3 – NF 

where 
IIP3 is 3rd Order Intercept Point referenced to the input in 
dBm, NF is Noise Figure in dB 

These are cumulative values for a system. The first is a 
measure of strong-signal performance, while the other defines 
weak signal behavior. 

If the input intercept of an amplifier is known the 
intermodulation distortion is well defined for all input levels. 
We measure IMD at the output and if not otherwise specified 
IP3 for amplifiers is referenced to the output (OIP3).The 
difference is the simple stage gain: 

IIP3 = OIP3 – G 

where G= gain in dB 
Anzac engineers called this many years ago the AMPLI-

FIER FACTOR (= IIP3 – NF) for a single-amplifier stage (the 
higher the number, the better, of course). If we apply this to the 
above-mentioned preamplifiers we get Table 7-48. 
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Table 7-48 
Preamplifier Performance Characteristics 
Preamplifier OIP3 Gain IIP3 NF AF = IIP3− NF 

dBm dBm dB dBm dB
 
W7IUV 39 18 21 ~5 (*) ~16 (*)
 
IK4AUY 43 12 31 3.9 27.1
 
Advanced Receiver R 30 20 10 5.4 4.6
 
DX Engineering (RPA1) 43 17 26 3.4 22.6
 
ICE 124A 14 16 −2 ? est. −7
 
(*) approximate value, not measured
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