Chapter 17

Repeater
Antenna Systems

There is an old adage in Amateur Radio that goes,
“If your antenna did not fall down last winter, it
wasn’t big enough.” This adage might apply to antennas for
MF and HF work, but at VHF things are a bit different, at
least as far as antenna size is concerned. VHF
antennas are smaller than their HF counterparts, but yet the
theory is the same—a dipole is a dipole, and a Yagi is a
Yagi, regardless of frequency. A 144-MHz Yagi may pass
as a TV antenna, but most neighbors can easily detect a
radio hobbyist if a 14-MHz Yagi looms over his property.

Repeater antennas are discussed in this chapter.
Because the fundamental operation of these antennas is
no different than presented in earlier chapters, there is no
need to delve into any exotic theory. Certain consider-
ations must be made and certain precautions must be
observed, however, since most repeater operations—ama-
teur and commercial—take place at VHF and UHF.

Basic Concepts

The antenna is a vital part of any repeater installa-
tion. Because the function of a repeater is to extend the
range of communications between mobile and portable
stations, the repeater antenna should be installed in the
best possible location to provide the desired coverage.
This usually means getting the antenna as high above
average terrain as possible. In some instances, a repeater
may need to have coverage only in a limited area or
direction. When this is the case, antenna installation
requirements will be completely different, with certain
limits being set on height, gain and power.

Horizontal and Vertical Polarization

Until the upsurge in FM repeater activity in the
1970s, most antennas used in amateur VHF work were
horizontally polarized. These days, very few repeater
groups use horizontal polarization. (One of the major rea-

sons for using horizontal polarization is to allow separate
repeaters to share the same input and/or output frequen-
cies with closer-than-normal geographical spacing.) The
vast majority of VHF and UHF repeaters use vertically
polarized antennas, and all the antennas discussed in this
chapter are of that type.

Transmission Lines

Repeaters provide the first venture into VHF and
UHF work for many amateurs. The uninitiated may not
be aware that the transmission lines used at VHF become
very important because feed-line losses increase with fre-
quency.

The characteristics of feed lines commonly used at
VHF are discussed in Chapter 24, Transmission Lines.
Although information is provided there for small-diam-
eter RG-58 and RG-59 coaxes, these should not be used
except for very short feed lines (25 feet or less). These
cables are very lossy at VHF. In addition, the losses can
be much higher if fittings and connections are not care-
fully installed.

The differences in loss between solid-polyethylene
dielectric types (RG-8 and RG-11) and those using foam
polyethylene are significant at VHF and UHF. If you can
afford the line with the least loss, buy it.

If you must bury coaxial cable, check with the cable
manufacturer before doing so. Many popular varieties of
coaxial cable should not be buried, since the dielectric
can become contaminated from moisture and soil chemi-
cals. Some coaxial cables are labeled as non-contaminat-
ing. Such a label is the best way to be sure your cable can
be buried without damage.

Matching
Losses are lowest in transmission lines that are
matched to their characteristic impedances. If there is a
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mismatch at the end of the line, the losses increase. The
only way to reduce the SWR on a transmission line is by
matching the line at the antenna. Changing the length of
a transmission line does not reduce the SWR. The SWR
is established by the impedance of the line and the
impedance of the antenna, so matching must be done at
the antenna end of the line.

The importance of matching, so far as feed-line

losses are concerned, is sometimes overstressed. But
under some conditions, it is necessary to minimize feed-
line losses related to SWR if repeater performance is to
be consistent. It is important to keep in mind that most
VHF/UHF equipment is designed to operate into a 50-Q
load. The output circuitry will not be loaded properly if
connected to a mismatched line. This leads to a loss of
power, and in some cases, damage to the transmitter.

Repeater Antenna System Design

Choosing a repeater or remote-base antenna system
is as close as most amateurs come to designing a com-
mercial-grade antenna system. The term system is used
because most repeaters utilize not only an antenna and a
transmission line, but also include duplexers, cavity fil-
ters, circulators or isolators in some configuration.
Assembling the proper combination of these items in con-
structing a reliable system is both an art and a science. In
this section prepared by Domenic Mallozzi, N1DM, the
functions of each component in a repeater antenna
system and their successful integration are discussed.
While every possible complication in constructing a
repeater cannot be foreseen at the outset, this discussion
should serve to steer you along the right lines in solving
any problems encountered.

COMPUTING THE COVERAGE AREA
FOR A REPEATER

Modern computer programs can show the coverage
of arepeater using readily available topographic data from
the Internet. In Chapter 3, The Effects of Ground, we
described the MicroDEM program supplied on the CD-
ROM accompanying this book. Dr Peter Guth, the
author of MicroDEM, built into it the ability to generate
terrain profiles that can be used with ARRL’s HFTA (HF
Terrain Assessment) program (also included on the CD-
ROM).

MicroDEM has a wide range of capabilities beyond
simply making terrain profiles. It can do LOS (line of
sight) computations, based on visual or radio-horizon
considerations. Fig 1 shows a MicroDEM map for the
area around Glastonbury, Connecticut. This is somewhat
hilly terrain, and as a result the coverage for a repeater
placed here on a 30-meter (100-foot) high tower would
be somewhat spotty. Fig 1 shows a “Viewshed” on the
map, in the form of the white terrain profile strokes in 5°
increments around the tower.

Fig 2 shows the LOS for an azimuth of 80°, from a
30-meter high tower out to a distance of 8000 meters. The
light-shaded areas on the profile are those that are illumi-
nated directly by the antenna on the tower, while the dark
portions of the profile are those that cannot be seen
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coverage for a repeater placed on a 30-meter high
tower in Glastonbury, CT. The white radial lines
indicate the coverage in 5° increments of azimuth
around the tower. The range circles are 1000 meters
apart.
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Fig 2—An “LOS” (line of sight) profile at an azimuth of
80° from the tower in Fig 1. The light-gray portions of
the terrain profile are visible from the top of the tower,
while the dark portions are blocked by the terrain.

directly from the tower. This profile assumes that the
mobile station is 2 meters high—the height of a 6-foot
high person with a handheld radio.

The terrain at an 80° azimuth allows direct radio view
from the top of the tower out to about 1.8 km. From here,
the downslope prevents direct view until about 2.5 km,



where the terrain is briefly visible again from several
hundred meters, disappearing from radio view until about
2.8 km, after which it becomes visible until about 3.6
km. Note that other than putting the repeater antenna on
a higher tower, there is nothing that can be done to im-
prove repeater coverage over this hilly terrain, although
knife-edge diffraction off the hill tops will help fill in
coverage gaps.

The Repeater Antenna

The most important part of the system is the antenna
itself. As with any antenna, it must radiate and collect
RF energy as efficiently as possible. Many repeaters use
omnidirectional antennas, but this is not always the best
choice. For example, suppose a group wishes to set up a
repeater to cover towns A and B and the interconnecting
state highway shown in Fig 3. The available repeater site
is marked on the map. No coverage is required to the west
or south, or over the ocean. If an omnidirectional antenna
is used in this case, a significant amount of the radiated
signal goes in undesired directions. By using an antenna
with a cardioid pattern, as shown in Fig 1, the coverage
is concentrated in the desired directions. The repeater will
be more effective in these locations, and signals from low-
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Fig 3—There are many situations where equal repeater
coverage is not desired in all directions from the
“machine.” One such situation is shown here, where
the repeater is needed to cover only towns A and B
and the interconnecting highway. An omnidirectional
antenna would provide coverage in undesired
directions, such as over the ocean. The broken line
shows the radiation pattern of an antenna that is better
suited to this circumstance.

power portables and mobiles will be more reliable.

In many cases, antennas with special patterns are
more expensive than omnidirectional models. This is an
obvious consideration in designing a repeater antenna
system. Over terrain where coverage may be difficult in
some direction from the repeater site, it may be desirable
to skew the antenna pattern in that direction. This can be
accomplished by using a phased-vertical array or a com-
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Fig 4—The “keyhole” horizontal radiation pattern at A
is generated by the combination of phased Yagis and
vertical elements shown at B. Such a pattern is useful
in overcoming coverage blockages resulting from local
terrain features. (Based on a design by Decibel
Products, Inc.)
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Fig 5—Vertical-beam downtilt is another form of
radiation-pattern distortion useful for improving
repeater coverage. This technique can be employed in
situations where the repeater station is at a greater
elevation than the desired coverage area, when a high-
gain omnidirectional antenna is used. Pattern A shows
the normal vertical-plane radiation pattern of a high-
gain omnidirectional antenna with respect to the
desired coverage area (the town). Pattern B shows the
pattern tilted down, and the coverage improvement is
evident.

bination of a Yagi and a phased vertical to produce a “key-
hole” pattern. See Fig 4.

Repeaters are common on 440 MHz and above, and
many groups invest in high-gain omnidirectional anten-
nas. A consequence of getting high gain from an omnidi-
rectional antenna is vertical beamwidth reduction. In most
cases, these antennas are designed to radiate their peak
gain at the horizon, resulting in optimum coverage when
the antenna is located at a moderate height over normal
terrain. Unfortunately, in cases where the antenna is
located at a very high site (overlooking the coverage area)
this may not be the most desirable pattern. The vertical
pattern of the antenna can be tilted downward, however,
to facilitate coverage of the desired area. This is called
vertical-beam downtilt.

An example of such a situation is shown in Fig 5.
The repeater site overlooks a town in a valley. A 450-
MHz repeater is needed to serve low-power portable and
mobile stations. Constraints on the repeater dictate the
use of an antenna with a gain of 11 dBi. (An omnidirec-
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Fig 6—Vertical-beam downtilt can be facilitated by inserting 52-Q delay lines in series with the 75-Q feed lines to
the collinear elements of an omnidirectional antenna. The delay lines to each element are progressively longer so
the phase shift between elements is uniform. Odd '/s-A coaxial transformers are used in the main (75-Q) feed
system to match the dipole impedances to the driving point. Tilting the vertical beam in this way often produces
minor lobes in the vertical pattern that do not exist when the elements are fed in phase.
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tional antenna with this gain has a vertical beamwidth of
approximately 6°.) If the repeater antenna has its peak
gain at the horizon, a major portion of the transmitted
signal and the best area from which to access the repeater
exists above the town. By tilting the pattern down 3°, the
peak radiation will occur in the town.

Vertical-beam downtilt is generally produced by
feeding the elements of a collinear vertical array slightly
out of phase with each other. Lee Barrett, K7NM, showed
such an array in Ham Radio magazine. (See the Bibliog-
raphy at the end of this chapter.) Barrett gives the geom-
etry and design of a four-pole array with progressive phase
delay, and a computer program to model it. The technique
is shown in Fig 6, with a free-space elevation plot show-
ing downtilting in Fig 7.

Commercial antennas are sometimes available (at
extra cost) with built-in downtilt characteristics. Before
ordering such a commercial antenna, make sure that you
really require it—they generally are special-order items
and are not returnable.

There are disadvantages to improving coverage by
means of vertical-beam downtilt. When compared to a
standard collinear array, an antenna using vertical-beam
downtilt will have somewhat greater extraneous lobes in
the vertical pattern, resulting in reduced gain (usually less
than 1 dB). Bandwidth is also slightly reduced. The
reduction in gain, when combined with the downtilt char-
acteristic, results in a reduction in total coverage area.
These trade-offs, as well as the increased cost of a

180 Freq. = 146 MHz
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Fig 7—Free-space elevation-plane patterns showing
downtilting that results from progressive phase shifts
for the feed currents for the dipole in Fig 6.

commercial antenna with downtilt, must be compared to
the improvement in total performance in a situation where
vertical-beam downtilt is contemplated.

Top Mounting and Side Mounting

Amateur repeaters often share towers with commer-
cial and public service users. In many of these cases, other
antennas are at the top of the tower, so the amateur
antenna must be side mounted. A consequence of this
arrangement is that the free-space pattern of the repeater
antenna is distorted by the tower. This effect is especially
noticeable when an omnidirectional antenna is side
mounted on a structure.

The effects of supporting structures are most pro-
nounced at close antenna spacings to the tower and with
large support dimensions. The result is a measurable
increase in gain in one direction and a partial null in the
other direction (sometimes 15 dB deep). The shape of
the supporting structure also influences pattern distor-
tion. Many antenna manufacturers publish radiation pat-
terns showing the effect of side mounting antennas in their
catalogs.

Side mounting is not always a disadvantage. In cases
where more (or less) coverage is desired in one direc-
tion, the supporting structure can be used to advantage.
If pattern distortion is not acceptable, a solution is to
mount antennas around the perimeter of the structure and
feed them with the proper phasing to synthesize an
omnidirectional pattern. Many manufacturers make
antennas to accommodate such situations.

The effects of different mounting locations and
arrangements can be illustrated with an array of exposed
dipoles, Fig 8. Such an array is a very versatile antenna
because, with simple rearrangement of the elements, it
can develop either an omnidirectional pattern or an off-
set pattern. Drawing A of Fig 8 shows a basic collinear
array of four vertical ¥2-A elements. The vertical spacing
between adjacent elements is 1 A. All elements are fed in
phase. If this array is placed in the clear and supported
by a nonconducting mast, the calculated radiation resis-
tance of each dipole element is on the order of 63 Q. If
the feed line is completely decoupled, the resulting azi-
muth pattern is omnidirectional. The vertical-plane pat-
tern is shown in Fig 9.

Fig 8B shows the same array in a side-mounting ar-
rangement, at a spacing of % A from a conducting mast.
In this mounting arrangement, the mast takes on the role
of a reflector, producing an F/B on the order of
5.7 dB. The azimuth pattern is shown in Fig 10. The ver-
tical pattern is not significantly different from that of
Fig 9, except the four small minor lobes (two on either
side of the vertical axis) tend to become distorted. They
are not as “clean,” tending to merge into one minor lobe
at some mast heights. This apparently is a function of
currents in the supporting mast. The proximity of the mast
also alters the feed-point impedance. For elements that
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are resonant in the configuration of Fig 8A, the calcu-
lated impedance in the arrangement of Fig 8B is in the
order of 72 +j 10 Q.

If side mounting is the only possibility and an
omnidirectional pattern is required, the arrangement of
Fig 8C may be used. The calculated azimuth pattern takes
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Fig 8—Various arrangements of exposed dipole
elements. At A is the basic collinear array of four
elements. B shows the same elements mounted on
the side of a mast, and C shows the elements in a
side-mounted arrangement around the mast for
omnidirectional coverage. See text and Figs 9 through
11 for radiation-pattern information.

Fig 9—Calculated vertical-plane pattern of the array of
Fig 8A, assuming a nonconducting mast support and
complete decoupling of the feeder. In azimuth the array
is omnidirectional. The calculated gain of the array is
8.6 dBi at 0° elevation; the -3 dB point is at 6.5°.
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on a slight cloverleaf shape, but is within 1.5 dB of being
circular. However, gain performance suffers, and the
idealized vertical pattern of Fig 9 is not achieved. See
Fig 11. Spacings other than '/s-A from the mast were not
investigated.

One very important consideration in side mounting
an antenna is mechanical integrity. As with all repeater
components, reliability is of great importance. An antenna
hanging by the feed line and banging against the tower
provides far from optimum performance and reliability.
Use a mount that is appropriately secured to the tower and
the antenna. Also use good hardware, preferably stainless
steel (or bronze). If your local hardware store does not
carry stainless steel hardware, try a boating supplier.

180

Fig 10—Calculated azimuth pattern of the side-
mounted array of Fig 8B, assuming '/s-A spacing from a
4-inch mast. The calculated gain in the favored
direction, away from the mast and through the
elements, is 10.6 dBi.
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Fig 11—Calculated vertical pattern of the array of
Fig 8C, assuming '/+-A element spacing from a 4-inch
mast. The azimuth pattern is circular within 1.5 dB,
and the calculated gain is 4.4 dBi.



Be certain that the feed line is properly supported
along its length. Long lengths of cable are subject to con-
traction and expansion with temperature from season to
season, so it is important that the cable not be so tight
that contraction causes it to stress the connection at the
antenna. This can cause the connection to become inter-
mittent (and noisy) or, at worst, an open circuit. This is
far from a pleasant situation if the antenna connection is
300 feet up a tower, and it happens to be the middle of
the winter!

Effects of Other Conductors

Feed-line proximity and tower-access ladders or
cages also have an effect on the radiation patterns of side-
mounted antennas. This subject was studied by Connolly
and Blevins, and their findings are given in IEEE Con-
ference Proceedings (see the Bibliography at the end of
this chapter). Those considering mounting antennas on
air-conditioning evaporators or maintenance penthouses
on commercial buildings should consult this article. It
gives considerable information on the effects of these
structures on both unidirectional and omnidirectional
antennas.

Metallic guy wires also affect antenna radiation pat-
terns. Yang and Willis studied this and reported the
results in IRE Transactions on Vehicular Communica-
tions. As expected, the closer the antenna is to the guy
wires, the greater the effect on the radiation patterns. If
the antennas are near the point where the guy wires meet
the tower, the effect of the guy wires can be minimized
by breaking them up with insulators every 0.75 A for 2.25
Ato 3.0 A.

ISOLATION REQUIREMENTS IN
REPEATER ANTENNA SYSTEMS

Because repeaters generally operate in full duplex
(the transmitter and receiver operate simultaneously), the
antenna system must act as a filter to keep the transmitter
from blocking the receiver. The degree to which the trans-
mitter and receiver must be isolated is a complex prob-
lem. It is quite dependent on the equipment used and the
difference in transmitter and receiver frequencies (off-
set). Instead of going into great detail, a simplified
example can be used for illustration.

Consider the design of a 144-MHz repeater with a
600-kHz offset. The transmitter has an RF output power
of 10 watts, and the receiver has a squelch sensitivity of
0.1 wV. This means there must be at least 1.9 x10°'® watts
at the 52-Q receiver-antenna terminals to detect a signal.
If both the transmitter and receiver were on the same fre-
quency, the isolation (attenuation) required between the
transmitter and receiver antenna jacks to keep the trans-
mitter from activating the receiver would be

10 watts

-167dB
1.9x 1070 watts

Isolation =10log

Obviously there is no need for this much attenua-
tion, because the repeater does not transmit and receive
on the same frequency.

If the 10-watt transmitter has noise 600 kHz away
from the carrier frequency that is 45 dB below the carrier
power, that 45 dB can be subtracted from the isolation
requirement. Similarly, if the receiver can detect a 0.1 p
V on-frequency signal in the presence of a signal 600 kHz
away that is 40 dB greater than 0.1 uV, this 40 dB can also
be subtracted from the isolation requirement. Therefore,
the isolation requirement is

167 dB — 45 dB — 40 dB =82 dB

Other factors enter into the isolation requirements
as well. For example, if the transmitter power is increased
by 10 dB (from 10 to 100 watts), this 10 dB must be added
to the isolation requirement. Typical requirements for
144- and 440-MHz repeaters are shown in Fig 12.

Obtaining the required isolation is the first problem to
be considered in constructing a repeater antenna system.
There are three common ways to obtain this isolation:

1) Physically separate the receiving and transmitting
antennas so the combination of path loss for the spac-
ing and the antenna radiation patterns results in the
required isolation.

2) Use a combination of separate antennas and high-Q
filters to develop the required isolation. (The high-Q
filters serve to reduce the physical distance required
between antennas.)

3) Use a combination filter and combiner system to
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Fig 12—Typical isolation requirements for repeater
transmitters and receivers operating in the 132-

174 MHz band (Curve A), and the 400-512 MHz band
(Curve B). Required isolation in dB is plotted against
frequency separation in MHz. These curves were
developed for a 100-W transmitter. For other power
levels, the isolation requirements will differ by the
change in decibels relative to 100 W. Isolation
requirements will vary with receiver sensitivity. (The
values plotted were calculated for transmitter-carrier
and receiver-noise suppression necessary to prevent
more than 1 dB degradation in receiver 12-dB SINAD
sensitivity.)
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allow the transmitter and receiver to share one antenna.
Such a filter and combiner is called a duplexer.

Repeaters operating on 28 and 50 MHz generally
use separate antennas to obtain the required isolation. This
is largely because duplexers in this frequency range are
both large and very expensive. It is generally less expen-
sive to buy two antennas and link the sites by a commit-
ted phone line or an RF link than to purchase a duplexer.
At 144 MHz and higher, duplexers are more commonly
used. Duplexers are discussed in greater detail in a later
section.

Separate Antennas

Receiver desensing (gain limiting caused by the pres-
ence of a strong off-frequency signal) can be reduced,
and often eliminated, by separation of the transmitting
and receiving antennas. Obtaining the 55 to 90 dB of iso-
lation required for a repeater antenna system requires
separate antennas to be spaced a considerable distance
apart (in wavelengths).

Fig 13 shows the distances required to obtain spe-
cific values of isolation for vertical dipoles having hori-
zontal separation (at A) and vertical separation (at B).
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Fig 13—At A, the amount of attenuation (isolation)
provided by horizontal separation of vertical dipole
antennas. At B, isolation afforded by vertical
separation of vertical dipoles.
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The isolation gained by using separate antennas is sub-
tracted from the total isolation requirement of the sys-
tem. For example, if the transmitter and receiver antennas
for a 450-MHz repeater are separated horizontally by
400 feet, the total isolation requirement in the system is
reduced by about 64 dB.

Note from Fig 13B that a vertical separation of only
about 25 feet also provides 64 dB of isolation. Vertical
separation yields much more isolation than does horizon-
tal separation. Vertical separation is also more practical
than horizontal, since only a single support is required.

An explanation of the significant difference between
the two graphs is in order. The vertical spacing require-
ment for 60 dB attenuation (isolation) at 150 MHz is about
43 feet. The horizontal spacing for the same isolation level
is on the order of 700 feet. Fig 14 shows why this differ-
ence exists. The radiation patterns of the antennas at A
overlap; each antenna has gain in the direction of the other.
The path loss between the antennas is given by

4nd
Path loss (dB) = 20 log — (Eq 1)

where
d = distance between antennas
A = wavelength, in the same units as d.

The isolation between the antennas in Fig 14A is
the path loss less the antenna gains. Conversely, the
antennas at B share pattern nulls, so the isolation is the
path loss added to the depth of these nulls. This signifi-
cantly reduces the spacing requirement for vertical sepa-

e
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Fig 14—A relative representation of the isolation
advantage afforded by separating antennas
horizontally (A) and vertically (B) is shown. A great
deal of isolation is provided by vertical separation, but
horizontal separation requires two supports and much
greater distance to be as effective. Separate-site
repeaters (those with transmitter and receiver at
different locations) benefit much more from horizontal
separation than do single-site installations.



ration. Because the depth of the pattern nulls is not infi-
nite, some spacing is required. Combined horizontal and
vertical spacing is much more difficult to quantify be-
cause the results are dependent on both radiation patterns
and the positions of the antennas relative to each other.
Separate antennas have one major disadvantage:
They create disparity in transmitter and receiver cover-
age. For example, say a 50-MHz repeater is installed over
average terrain with the transmitter and repeater sepa-
rated by 2 miles. If both antennas had perfect omnidirec-
tional coverage, the situation depicted in Fig 15 would
exist. In this case, stations able to hear the repeater may
not be able to access it, and vice versa. In practice, the
situation can be considerably worse. This is especially
true if the patterns of both antennas are not omnidirec-
tional. If this disparity in coverage cannot be tolerated,
the solution involves skewing the patterns of the anten-
nas until their coverage areas are essentially the same.

Cavity Resonators

As just discussed, receiver desensing can be reduced
by separating the transmitter and receiver antennas. But
the amount of transmitted energy that reaches the receiver
input must often be decreased even farther. Other nearby
transmitters can cause desensing as well. A cavity reso-
nator (cavity filter) can be helpful in solving these prob-
lems. When properly designed and constructed, this type
of resonator has very high Q. A commercially made cav-
ity is shown in Fig 16.

A cavity resonator placed in series with a transmis-
sion line acts as a band-pass filter. For a resonator to
operate in series, it must have input and output coupling
loops (or probes). A cavity resonator can also be con-
nected across (in parallel with) a transmission line. The
cavity then acts as a band-reject (notch) filter, greatly
attenuating energy at the frequency to which it is tuned.
Only one coupling loop or probe is required for this
method of filtering. This type of cavity could be used in

O = Transmitter Antenna

+ = Receiver Antenna
/" / = Receiver Coverage Area
\\\ = Transmitter Coverage Area
>XOCK = Mutual Coverage Area

Fig 15—Coverage disparity is a major problem for
separate-site repeater antennas. The transmitter and
receiver coverage areas overlap, but are not entirely
mutually inclusive. Solving this problem requires a
great deal of experimentation, as many factors are
involved. Among these factors are terrain features and
distortion of the antenna radiation patterns from
supports.

the receiver line to “notch” the transmitter signal. Sev-
eral cavities can be connected in series or parallel to
increase the attenuation in a given configuration. The
graphs of Fig 17 show the attenuation of a single cavity
(A) and a pair of cavities (B).

The only situation in which cavity filters would not
help is the case where the off-frequency noise of the trans-
mitter was right on the receiver frequency. With cavity
resonators, an important point to remember is that addi-
tion of a cavity across a transmission line may change
the impedance of the system. This change can be com-
pensated by adding tuning stubs along the transmission
line.

Duplexers

The material in this section was prepared by
Domenic Mallozzi, NIDM. Most amateur repeaters in the
144-, 220- and 440-MHz bands use duplexers to obtain
the necessary transmitter to receiver isolation. Duplexers
have been commonly used in commercial repeaters for
many years. The duplexer consists of two high-Q filters.
One filter is used in the feed line from the transmitter to
the antenna, and another between the antenna and the
receiver. These filters must have low loss at the frequency
to which they are tuned while having very high attenua-
tion at the surrounding frequencies. To meet the high
attenuation requirements at frequencies within as little
as 0.4% of the frequency to which they are tuned, the
filters usually take the form of cascaded transmission-
line cavity filters. These are either band-pass filters, or
band-pass filters with a rejection notch. (The rejection
notch is tuned to the center frequency of the other filter.)
The number of cascaded filter sections is determined by
the frequency separation and the ultimate attenuation
requirements.

Fig 16—A coaxial cavity
filter of the type used in
many amateur and
commercial repeater
installations. Center-
conductor length (and
thus resonant frequency)
is varied by adjustment
of the knob (top).

Repeater Antenna Systems 17-9
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Duplexers for the amateur bands represent a signifi-
cant technical challenge, because in most cases amateur
repeaters operate with significantly less frequency sepa-
ration than their commercial counterparts. Information
on home construction of duplexers is presented in a later
section of this chapter. Many manufacturers market high-
quality duplexers for the amateur frequencies.

Duplexers consist of very high-Q cavities whose
resonant frequencies are determined by mechanical com-
ponents, in particular the tuning rod. Fig 18 shows the
cutaway view of a typical duplexer cavity. The rod is usu-
ally made of a material that has a limited thermal expan-
sion coefficient (such as Invar). Detuning of the cavity
by environmental changes introduces unwanted losses in
the antenna system. An article by Arnold in Mobile
Radio Technology considered the causes of drift in the

Fig 18—Cutaway view of a typical cavity. Note the
relative locations of the coupling loops to each other
and to the center conductor of the cavity. A locknut is
used to prevent movement of the tuning rod after
adjustment.



cavity (see the Bibliography at the end of this chapter).
These can be broken into four major categories.

1) Ambient temperature variation (which leads to
mechanical variations related to the thermal expan-
sion coefficients of the materials used in the cavity).

2) Humidity (dielectric constant) variation.

3) Localized heating from the power dissipated in the
cavity (resulting from its insertion loss).

4) Mechanical variations resulting from other factors
(vibration, etc).

In addition, because of the high-Q nature of these
cavities, the insertion loss of the duplexer increases when
the signal is not at the peak of the filter response. This
means, in practical terms, that less power is radiated for
a given transmitter output power. Also, the drift in cavi-
ties in the receiver line results in increased system noise
figure, reducing the sensitivity of the repeater.

As the frequency separation between the receiver and
the transmitter decreases, the insertion loss of the duplexer
reaches certain practical limits. At 144 MHz, the mini-
mum insertion loss for 600 kHz spacing is 1.5 dB per
filter.

Testing and using duplexers requires some special
considerations (especially as frequency increases).
Because duplexers are very high-Q devices, they are very
sensitive to the termination impedances at their ports. A
high SWR on any port is a serious problem, because the
apparent insertion loss of the duplexer will increase, and
the isolation may appear to decrease. Some have found
that when duplexers are used at the limits of their isola-
tion capabilities, a small change in antenna SWR is
enough to cause receiver desensitization. This occurs most
often under ice-loading conditions on antennas with open-
wire phasing sections.

The choice of connectors in the duplexer system
is important. BNC connectors are good for use below
300 MHz. Above 300 MHz, their use is discouraged
because even though many types of BNC connectors work
well up to 1 GHz, older style standard BNC connectors
are inadequate at UHF and above. Type N connectors
should be used above 300 MHz. It is false economy to
use marginal quality connectors. Some commercial us-
ers have reported deteriorated isolation in commercial
UHF repeaters when using such connectors. The loca-
tion of a bad connector in a system is a complicated and
frustrating process. Despite all these considerations, the
duplexer is still the best method for obtaining isolation
in the 144- to 925 MHz range.

ADVANCED TECHNIQUES

As the number of available antenna sites decreases
and the cost of various peripheral items (such as coaxial
cable) increases, amateur repeater groups are required to
devise advanced techniques if repeaters are to remain
effective. Some of the techniques discussed here have

been applied in commercial services for many years, but
until recently have not been economically justified for
amateur use.

One technique worth consideration is the use of
cross-band couplers. To illustrate a situation where a
cross-band coupler would be useful, consider the follow-
ing example. A repeater group plans to install 144- and
902-MHz repeaters on the same tower. The group intends
to erect both antennas on a horizontal cross arm at the
325-foot level. A 325-foot run of 7/s-inch Heliax costs
approximately $2000. If both antennas are to be mounted
at the top of the tower, the logical approach would
require two separate feed lines. A better solution involves
the use of a single feed line for both repeaters, along with
a cross-band coupler at each end of the line.

The use of the cross-band coupler is shown in
Fig 19. As the term implies, the coupler allows two sig-
nals on different bands to share a common transmission
line. Such couplers cost approximately $300 each. In our
hypothetical example, this represents a saving of $1400
over the cost of using separate feed lines. But, as with all
compromises, there are disadvantages. Cross-band cou-

Band "B"
Antenna

Band "A"
Antenna

Low / \ High

Port Port

Cross — Band

I Coupler
c
kel
?
HE
5|5
[ =4
o
=
1 Cross — Band
Coupler
Band "A" 0 I Band "B"
Repeater / \ Repeater
Low High
Port Port

Fig 19—Block diagram of a system using cross-band
couplers to allow the use of a single feed line for two
repeaters. If the feeder to the antenna location is long
(more than 200 feet or so), cross-band couplers may
provide a significant saving over separate feed lines,
especially at the higher amateur repeater frequencies.
Cross-band couplers cannot be used with two
repeaters on the same band.
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plers have a loss of about 0.5 dB per unit. Therefore, the
pair required represents a loss of 1.0 dB in each trans-
mission path. If this loss can be tolerated, the cross-band
coupler is a good solution.

Cross-band couplers do not allow two repeaters on
the same band to share a single antenna and feed line. As
repeater sites and tower space become more scarce, it may
be desirable to have two repeaters on the same band share
the same antenna. The solution to this problem is the use
of a transmitter multicoupler. The multicoupler is related
to the duplexers discussed earlier. It is a cavity filter and
combiner that allows multiple transmitters and receivers
to share the same antenna. This is a common commercial
practice. A block diagram of a multicoupler system is
shown in Fig 20.

The multicoupler, however, is a very expensive
device, and has the disadvantage of even greater loss per
transmission path than the standard duplexer. For
example, a well-designed duplexer for 600 kHz spacing
at 146 MHz has a loss per transmission path of approxi-
mately 1.5 dB. A four-channel multicoupler (the require-
ment for two repeaters) has an insertion loss per
transmission path on the order of 2.5 dB or more. Another
constraint of such a system is that the antenna must present
a good match to the transmission line at all frequencies
on which it will be used (both transmitting and receiv-
ing). This becomes difficult for the system with two re-
peaters operating at opposite ends of a band.

If you elect to purchase a commercial base-station
antenna that requires you to specify a frequency to which
the antenna must be tuned, be sure to indicate to the manu-
facturer the intended use of the antenna and the frequency
extremes. In some cases, the only way the manufacturer
can accommodate your request is to provide an antenna
with some vertical-beam uptilt at one end of the band
and some downtilt at the other end of the band. In the
case of antennas with very high gain, this in itself may
become a serious problem. Careful analysis of the situa-
tion is necessary before assembling such a system.

Diversity Techniques for Repeaters

Mobile flutter, “dead spots” and similar problems
are a real problem for the mobile operator. The popular-
ity of hand-held transceivers using low power and
mediocre antennas causes similar problems. A solution
to these difficulties is the use of some form of diversity
reception. Diversity reception works because signals do
not fade at the same rate when received by antennas at
different locations (space diversity) or of different polar-
izations (polarization diversity).

Repeaters with large transmitter coverage areas
often have difficulty “hearing” low power stations in
peripheral areas or in dead spots. Space diversity is espe-
cially useful in such a situation. Space diversity utilizes
separate receivers at different locations that are linked to
the repeater. The repeater uses a circuit called a voter
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Antenna

Transmission
Line

Repeater I[ :': Repeater
A ng "

Four — Channel
Multicoupler

Fig 20—Block diagram of a system using a transmitter
multicoupler to allow a single feed line and antenna to
be used by two repeaters on one band. The antenna
must be designed to operate at all frequencies that the
repeaters utilize. More than two repeaters can be
operated this way by using a multicoupler with the
appropriate number of input ports.

that determines which receiver has the best signal, and
then selects the appropriate receiver from which to feed
the repeater transmitter. This technique is helpful in
urban areas where shadowing from large buildings and
bridges causes problems. Space-diversity receiving, when
properly executed, can give excellent results. But with
the improvement come some disadvantages: added ini-
tial cost, maintenance costs, and the possibility of failure
created by the extra equipment required. If installed and
maintained carefully, problems are generally minimal.

A second improvement technique is the use of cir-
cularly polarized repeater antennas. This technique has
been used in the FM broadcast field for many years, and
has been considered for use in the mobile telephone ser-
vice as well. Some experiments by amateurs have proved
very promising, as discussed by Pasternak and Morris (see
the Bibliography at the end of this chapter).

The improvement afforded by circular polarization
is primarily a reduction in mobile flutter. The flutter on a
mobile signal is caused by reflections from large build-
ings (in urban settings) or other terrain features. These
reflections cause measurable polarization shifts, some-
times to the point where a vertically polarized signal at
the transmitting site may appear to be primarily horizon-
tally polarized after reflection.

A similar situation results from multipath propaga-
tion, where one or more reflected signals combine with
the direct signal at the repeater, having varying effects
on the signal. The multipath signal is subjected to large
amplitude and phase variations at a relatively rapid rate.



In both of the situations described here, circular
polarization can offer considerable improvement. This is
because circularly polarized antennas respond equally to
all linearly polarized signals, regardless of the plane of
polarization. At this writing, there are no known sources
of commercial circularly polarized omnidirectional
antennas for the amateur bands. Pasternak and Morris
describe a circularly polarized antenna made by modify-
ing two commercial four-pole arrays.

EFFECTIVE ISOTROPIC RADIATED POWER
(EIRP)

It is useful to know effective isotropic radiated power
(EIRP) in calculating the coverage area of a repeater. The
FCC formerly required EIRP to be entered in the log of
every amateur repeater station. Although logging EIRP
is no longer required, it is still useful to have this infor-
mation on hand for repeater-coordination purposes and
so system performance can be monitored periodically.

Calculation of EIRP is straightforward. The PEP
output of the transmitter is simply multiplied by the gains
and losses in the transmitting antenna system. (These
gains and losses are best added or subtracted in decibels
and then converted to a multiplying factor.) The follow-
ing worksheet and example illustrates the calculations.

Feed-line loss R dB
Duplexer loss _ dB
Isolator loss [ dB
Cross-band coupler loss - dB
Cavity filter loss _ dB
Total losses (L) —_ dB

G (dB) = antenna gain (dBi) -L

where G = antenna system gain. (If antenna gain is speci-
fied in dBd, add 2.14 dB to obtain the gain in dBi.)

M = 10G/10
where M = multiplying factor
EIRP (watts) = transmitter output (PEP)xM

Example

A repeater transmitter has a power output of 50 W
PEP (50-W FM transmitter). The transmission line has
1.8 dB loss. The duplexer used has a loss of 1.5 dB, and
a circulator on the transmitter port has a loss of 0.3 dB.
There are no cavity filters or cross-band couplers in the
system. Antenna gain is 5.6 dBi.

Feed-line loss 1.8 dB
Duplexer loss 1.5 dB
Isolator loss 0.3 dB
Cross-band coupler loss 0 dB
Cavity filter loss 0dB
Total losses (L) 3.6 dB

Antenna system gain in dB = G = antenna gain (dBi) -L
G=5.6dBi-3.6dB=2dB

Multiplying factor = M = 106/10

M = 10210 = 1.585

EIRP (watts) = transmitter output (PEP) x M

EIRP =50 W x 1.585=79.25 W

If the antenna system is lossier than this example,
G may be negative, resulting in a multiplying factor less
than one. The result is an EIRP that is less than the trans-
mitter output power. This situation can occur in prac-
tice, but for obvious reasons is not desirable.
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Assembling a Repeater Antenna System

This section will aid you in planning and assem-
bling your repeater antenna system. The material was
prepared by Domenic Mallozzi, N1DM. Consult Chap-
ter 23, Radio Wave Propagation, for information on
propagation for the band of your interest.

First, a repeater antenna selection checklist such as
this will help you in evaluating the antenna system for
your needs.

Gain needed ___ dBi

_______ Omnidirectional

_____ Offset
Cardioidal

Bidirectional

Pattern required

Special pattern
(specify)

Mounting Top of tower

Side of tower

(Determine effects of tower on pattern. Is the
result consistent with the pattern required?)

Is downtilt required? —  ____ Yes
______ No
Type of RF connector ~  ___ UHF
______ N
BNC

Other (specify)

Size (length)
Weight
Maximum cost $

Table 1 (see next page) has been compiled to pro-
vide general information on commercial components
available for repeater and remote-base antenna systems.
The various components are listed in a matrix format by
manufacturer, for equipment designed to operate in the
various amateur bands. See Chapter 21, Antenna
Products Suppliers, for further information for these com-
ponents. Although every effort has been made to make
this data complete, the ARRL is not responsible for
omissions or errors. The listing of a product in Table 1
does not constitute an endorsement by ARRL. Manufac-
turers are urged to contact the editors with updating
information.

Even though almost any antenna can be used for a
repeater, the companies indicated in the Antennas column
in Table 1 are known to have produced heavy-duty anten-
nas to commercial standards for repeater service. Many of
these companies offer their antennas with special features
for repeater service (such as vertical-beam downtilt). It is
best to obtain catalogs of current products from the manu-
facturers listed, both for general information and to deter-
mine which special options are available on their products.

A 144 MHz Duplexer

Obtaining sufficient isolation between the transmit-
ter and receiver of a repeater can be difficult. Many of
the solutions to this problem compromise receiver sensi-
tivity or transmitter power output. Other solutions create
an imbalance between receiver and transmitter coverage
areas. When a duplexer is used, insertion loss is the com-
promise. But a small amount of insertion loss is more
than offset by the use of one antenna for both the trans-
mitter and receiver. Using one antenna assures equal
antenna patterns for both transmitting and receiving, and
reduces cost, maintenance and mechanical complexity.

As mentioned earlier in this chapter, duplexers may
be built in the home workshop. Bob Shriner, WA@UZO,
presented a small, mechanically simple duplexer for low-
power applications in April 1979 QST. Shriner’s design
is unique, as the duplexer cavities are constructed of cir-
cuit-board material. Low cost and simplicity are the
result, but with a trade-off in performance. A silver-plated
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version of Shriner’s design has an insertion loss of
approximately 5 dB at 146 MHz. The loss is greater if
the copper is not plated, and increases as the inner walls
of the cavities tarnish.

This duplexer construction project by John Bilodeau,
WI1GAN, represents an effective duplexer. The information
originally appeared in July 1972 QST. It is a time-proven
project used by many repeater groups, and can be dupli-
cated relatively easily. Its insertion loss is just 1.5 dB.

Fig 21 will help you visualize the requirements for
a duplexer, which can be summed up as follows. The
duplexer must attenuate the transmitter carrier to avoid
overloading the receiver and thereby reducing its sensi-
tivity. It must also attenuate any noise or spurious fre-
quencies from the transmitter on or near the receiver
frequency. In addition, a duplexer must provide a proper
impedance match between transmitter, antenna, and
receiver.



Table 1

Product Matrix Showing Repeater Equipment and Manufacturer by Frequency Band

Antennas
Source 28 50 144 220 450 902 1296
Austin S § S S S S S
Celwave C C ¢C C C C
Comet
Cushcraft cC C C C
Dec Prod cC C C C C
MA/COM
RF Parts C C C C
Sinclair cC C C
TX/RX
Wacom

Isolators/Circulators

Source 28 50 144220 450 902

Celwave cC C C C C C
Dec Prod C C C C
Sinclair C C C

TX/RX C C C C C
Wacom cC C C C C C

Transmitter Combiners
144 220 450 902

Cavity Filters
144 220 450 902

Duplexers
144 220 450 902

C C C C C C C C
C C C C C

C C
C C C C C
c C C C C C

Cross-Band Couplers

0-174 0-512 59-174 406-512
450-512 800-960 806-960 806-960

cC C S

c C

c ¢C Cc C C C
c C C C

Abbreviated names above are for the following manufacturers: Austin Antennas, Celwave RF Inc, Cushcraft Corp,
Decibel Products Inc, RF Parts, Sinclair Radio Laboratories Inc, TX/RX Systems Inc and Wacom Inc. A

manufacturer’s contact list appears in Chapter 21.
Key to codes used:

C = catalog (standard) item

S = special-order item

Note: Coaxial cable is not listed, because most manufacturers sell only to dealers.

Repeaters

A | Duplexer | g
Section
1

Receiver
146.34 MHz

——>» to Antenna

Duplexer | p
Section
2

(e}

Transmitter
146.94 MHz

Fig 21—Duplexers permit using one antenna for both
transmitting and receiving in a repeater system.
Section 1 prevents energy at the transmitter frequency
from interfering with the receiver, while section 2
attenuates any off-frequency transmitter energy that is
at or near the receiver frequency.

As shown in Fig 21, transmitter output on
146.94 MHz going from point C to D should not be
attenuated. However, the transmitter energy should be
greatly attenuated between points B and A. Duplexer sec-
tion 2 should attenuate any noise or signals that are on or

near the receiver input frequency of 146.34 MHz. For
good reception the noise and spurious signal level must
be less than —130 dBm (0 dBm = 1 milliwatt into 50 Q).
Typical transmitter noise 600 kHz away from the carrier
frequency is 80 dB below the transmitter power output.
For 60 watts of output (+48 dBm), the noise level is
—32 dBm. The duplexer must make up the difference
between —32 dBm and —130 dBm, or 98 dB.

The received signal must go from point B to A with
a minimum of attenuation. Section 1 of the duplexer must
also provide enough attenuation of the transmitter energy
to prevent receiver overload. For an average receiver, the
transmitter signal must be less than —30 dBm to meet this
requirement. The difference between the transmitter out-
put of +48 dBm and the receiver overload point of
—30 dBm, 78 dB, must be made up by duplexer section 1.

THE CIRCUIT

Fig 22 shows the completed 6-cavity duplexer, and
Fig 23 shows the assembly of an individual cavity. A
!/4-A resonator was selected for this duplexer design. The
length of the center conductor is adjusted by turning a
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Fig 22—A six-cavity
duplexer for use with

a

144-MHz repeater.

The cavities are
fastened to a plywood
base for mechanical
stability. Short
lengths of double-
shielded cable are
used for connections
between individual
cavities. An insertion
loss of less than 1.5
dB is possible with

threaded rod, which changes the resonant frequency of
the cavity. Energy is coupled into and out of the tuned
circuit by the coupling loops extending through the top
plate.

The cavity functions as a series resonant circuit.
When a reactance is connected across a series resonant
circuit, an anti-resonant notch is produced, and the reso-
nant frequency is shifted. If a capacitor is added, the notch
appears below the resonant frequency. Adding inductance
instead of capacitance makes the notch appear above the
resonant frequency. The value of the added component
determines the spacing between the notch and the reso-
nant frequency of the cavity.

Fig 24 shows the measured band-pass characteris-

1/8" Thick

this design. tics of the cavity with shunt elements. With the cavity
tuned to 146.94 MHz and a shunt capacitor connected
from input to output, a 146.34-MHz signal is attenuated
TOP VIEW
Tunning Tunning Shaft 3/8 X 16
BNC Rod Threaded Rod
Connector 2-1/2" 20" Long
Center to Center Clamping Sleeve 9/
Brass Pipe 3/8" ID = Locknut
X 1-5/8" Long = /
Teflon ~=l
: [ Bud
Bushing Top Bne | \ =] CU3002A
Plate Connector \@ i = @ Minibox
Teflon 7/8" %
Clamping — \ Bushing\\ = Top
Sleeve Position I . ] Plate
of L1 on Three ;
Position of C1 Cavities =]
on Three Cavities E
T T =
T g
| | ™6 Slots = \ Coupling Loop
| | Equally Spaced ;
5/8" Deep
| | — é/
\ \ =
\ \ =
‘ Cavity | =
‘ Outer | =]
| Conductor | =] | — Tuning Plunger
Center Conductor Bushing
22-1/2" \ \ 123/8" 0D Copper A
| | Tubing, 18" Long =
\ \ =]
\ \
\ \
\ \ M B
| | Finger / \ Solder
‘ ‘ Stock
| | Sold \ Tuning Plunger
older 1" OD Brass Tubing,
‘ ‘ 6" Long
| | Bottom Plate SIDE VIEW
| |

/4—1/4" X 4-1/4" X
Brass Plate

OUTER CONDUCTOR

Fig 23—The assembly of an individual cavity. A Bud Minibox is mounted on the top plate with three screws. A
clamping sleeve made of brass pipe is used to prevent crushing the box when the locknut is tightened on the
tuning shaft. Note that the positions of both C1 and L1 are shown, but that three cavities will have C1 installed and

three will have L1 in place.
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Frequency, MHz

Fig 24—Typical frequency response of a single cavity
of the type used in the duplexer. The dotted line
represents the passband characteristics of the cavity
alone; the solid line for the cavity with a shunt
capacitor connected between input and output. An
inductance connected in the same manner will cause
the rejection notch to be above the frequency to which
the cavity is tuned.

by 35 dB. If an inductance is placed across the cavity and
the cavity is tuned to 146.34 MHz, the attenuation at
146.94 MHz is 35 dB. Insertion loss in both cases is
0.4 dB. Three cavities with shunt capacitors are tuned to
146.94 MHz and connected together in cascade with short
lengths of coaxial cable. The attenuation at 146.34 MHz
is more than 100 dB, and insertion loss at 146.94 MHz is

1.5 dB. Response curves for a six-cavity duplexer are
given in Fig 25.

Construction

The schematic diagram for the duplexer is shown in
Fig 26. Three parts for the duplexer must be machined;
all others can be made with hand tools. A small lathe can
be used to machine the brass top plate, the threaded tun-
ing plunger bushing and the Teflon insulator bushing. The
dimensions of these parts are given in Fig 27.

Type DWYV copper tubing is used for the outer con-
ductor of the cavities. The wall thickness is 0.058 inch,
with an outside diameter of 4!/s inches. You will need a
tubing cutter large enough to handle this size (perhaps
borrowed or rented). The wheel of the cutter should be
tight and sharp. Make slow, careful cuts so the ends will
be square. The outer conductor is 22'/> inches long.

The inner conductor is made from type M copper
tubing having an outside diameter of 1%s inches. A
6-inch length of 1-inch OD brass tubing is used to make
the tuning plunger.

The tubing types mentioned above are designations
used in the plumbing and steam-fitting industry. Other
types may be used in the construction of a duplexer, but
you should check the sizes carefully to assure that the
parts will fit each other. A greater wall thickness will make
the assembly heavier, and the expense will increase ac-
cordingly. Soft solder is used throughout the assem-
bly. Unless you have experience with silver solder, do
not use it. Eutectic type 157 solder with paste or acid

o ___‘__“4p——“_——“h—-_—--—_.---‘m\\\‘

\\
-2 \ 7
-30 A\ /

-~ \\
5 —50

/

Response,dB
|
o
o
/
.

/

AN

V4

-110

146.0 A .2 3 4 .5

.6 7 .8 .9 147.0 A .2

Frequency, MHz

Fig 25—Frequency response of the six-cavity duplexer. One set of three cavities is tuned to pass 146.34 MHz and
notch 146.94 MHz (the receiver leg). The remaining set of three cavities is tuned to pass 146.94 MHz and notch
146.34 MHz. This duplexer provides approximately 100 dB of isolation between the transmitter and receiver when

properly tuned.

Repeater Antenna Systems 17-17



from
Transmitter

to

Reciceiver

cy%f"

Coaxial Connectors,
Type BNC are
Represented by

Dot @

for C1

0.02" Copper Strap
Connecting Strap

C1 - 5/8"
Coupling Loop j 1/4"
I_‘l I‘_| #16 %
Tinned Wire
26" 1—1/8 1-1/4
J 3/4" L,
— to
O Antenna
o L 2-1/2"
#16
~ Tinned Wire
=
T
IJ u J L, 1/2"
All Coaxial
Cable RG—55

HT
B

> laa

Fig 26—Diagram of the six-cavity duplexer. Coaxial cable lengths between cavities are critical and must be

followed closely. Double shielded cable and high quality connectors should be used throughout. The sizes and
shapes of the coupling loops, L1, and the straps for connecting C1 should be observed.
C1—1.7-11 pF circuit-board mount, E. F. Johnson 189-5-5 or equiv. Set at % closed for initial alignment.

TOP PLATE
Material: 1/4" Brasss

Plate "A" Holes Tap

3/8" Dia 6 — 32 Through

3/8" Dia

3/8" Dia

1/4"

Groove

4.125" Dia

4.0005" Dia
j1 -3/8" Dia

1-1/4" Dia

V//E’/Al V//&’///l VA

SECTIONAL SIDE VIEW

Use # 50 Drill
if{
1/16" } U;
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1/2"

INSULATOR BUSHING

Material: Teflon or
Polyethelene

1/16" Wide X 1/8" Deep

g

PLUNGER BUSHING
Material: 1" Dia Brass Rod

Fig 27—Dimensions for the three parts that require machining. A small metal-working lathe should be used for

making these parts.
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flux makes very good joints. This type has a slightly
higher melting temperature than ordinary tin-lead alloy,
but has considerably greater strength.

First solder the inner conductor to the top plate
(Fig 28). The finger stock can then be soldered inside the
lower end of the inner conductor, while temporarily held
in place with a plug made of aluminum or stainless steel.
While soldering, do not allow the flame from the torch to
overheat the finger stock. The plunger bushing is soldered
into the tuning plunger and a 20-inch length of threaded
rod is soldered into the bushing.

Cut six slots in the top of the outer conductor. They
should be /s inch deep and equally spaced around the tub-
ing. The bottom end of the 4-inch tubing is soldered to the
square bottom plate. The bottom plates have holes in the
corners so they can be fastened to a plywood base by means
of wood screws. Because the center conductor has no sup-
port at one end, the cavities must be mounted vertically.

The size and position of the coupling loops are criti-
cal. Follow the given dimensions closely. Both loops
should be '/s inch away from the center conductor on
opposite sides. Connect a solder lug to the ground end of
the loop, then fasten the lug to the top plate with a screw.
The free end of the loop is insulated by Teflon bushings
where it passes through the top plate for connection to
the BNC fittings.

Before final assembly of the parts, clean them thor-
oughly. Soap-filled steel wool pads and hot water work
well for this. Be sure the finger stock makes firm contact
with the tuning plunger. The top plate should fit snugly
in the top of the outer conductor—a large hose clamp
tightened around the outer conductor will keep the top
plate in place.

ADJUSTMENT

After the cavities have been checked for band-pass
characteristics and insertion loss, install the anti-resonant
elements, C1 and L1. (See Fig 24.) It is preferable to use
laboratory test equipment when tuning the duplexer. An
option is to use a low-power transmitter with an RF probe
and an electronic voltmeter. Both methods are shown in
Fig 29.

With the test equipment connected as shown in
Fig 29A, adjust the signal generator frequency to the
desired repeater input frequency. Connect a calibrated step
attenuator between points X and Y. With no attenuation,
adjust the HP-415 for 0 on the 20-dB scale. You can check
the calibration of the 415 by switching in different
amounts of attenuation and noting the meter reading. You
may note a small error at either high or very low signal
levels.

Next, remove the step attenuator and replace it with
a cavity that has the shunt inductor, L1, in place. Adjust
the tuning screw for maximum reading on the 415 meter.
Remove the cavity and connect points X and Y. Set the

HP415 HP Type
SWR 423
Meter Detector
Sig. Gen. 2048 X Y 5B
Mod. 80 or —0 O
HPB08 Pad Pad
O Step O
Attenuator
Laboratory Equipment
(A)
Transmitter P Q
10W Output i o o— Wi
Tube Type
b
b
51
Volt — Detector 1/2W
Meter Probe RF

Simple Equipment
(B)

Fig 28—Two of the center conductor and top plate
assemblies. In the assembly at the left, C1 is visible
just below the tuning shaft, mounted by short straps
made from sheet copper. The assembly on the right has
L1 in place between the BNC connectors. The
Miniboxes are fastened to the top plate by a single
large nut in these units. Using screws through the
Minibox into the top plate, as described in the text, is
preferred.

Fig 29—The duplexer can be tuned by either of the two
methods shown here, although the method depicted at
A is preferred. The signal generator should be
modulated by a 1-kHz tone. If the setup shown at B is
used, the transmitter should not be modulated, and
should have a minimum of noise and spurious signals.
The cavities to be aligned are inserted between X and
Y in the setup at A, and between P and Q in B.
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signal generator to the repeater output frequency and
adjust the 415 for a 0 reading on the 20-dB scale.

Reinsert the cavity between X and Y and adjust the
cavity tuning for minimum reading on the 415. The notch
should be sharp and have a depth of at least 35 dB. It is
important to maintain the minimum reading on the meter
while tightening the locknut on the tuning shaft.

To check the insertion loss of the cavity, the output
from the signal generator should be reduced, and the cali-
bration of the 415 meter checked on the 50-dB expanded
scale. Use a fixed 1-dB attenuator to make certain the
error is less than 0.1 dB. Replace the attenuator with the
cavity and read the loss. The insertion loss should be
0.5 dB or less. The procedure is the same for tuning all
six cavities, except that the frequencies are reversed for
those having the shunt capacitor installed.

Adjustment with Minimum Equipment

A transmitter with a minimum of spurious output is
required. Most modern transmitters meet this requirement.
The voltmeter in use should be capable of reading
0.5 volt (or less), full scale. The RF probe used should be
rated to 150 MHz or higher. Sections of RG-58 cable are
used as attenuators, as shown in Fig 29B. The loss in these
140-foot lengths is nearly 10 dB, and helps to isolate the
transmitter in case of mismatch during tuning.

Set the transmitter to the repeater input frequency and
connect P and Q. Obtain a reading between 1 and 3 volts
on the voltmeter. Insert a cavity with shunt capacitors in
place between P and Q and adjust the cavity tuning for a
minimum reading on the voltmeter. (This reading should
be between 0.01 and 0.05 volt.) The rejection in dB can be
calculated by

dB =20 log (V1/V2)

This should be at least 35 dB. Check the insertion
loss by putting the receiver on the repeater output fre-
quency and noting the voltmeter reading with the cavity
out of the circuit. A 0.5-dB attenuator can be made from
a 7-foot length of RG-58. This 7-foot cable can be used
to check the calibration of the detector probe and the volt-
meter.

Cavities with shunt inductance can be tuned the same
way, but with the frequencies reversed. If two or more
cavities are tuned while connected together, transmitter
noise can cause the rejection readings to be low. In other
words, there will be less attenuation.

Results

The duplexer is conservatively rated at 150 watts
input, but if constructed carefully should be able to handle
as much as 300 watts. Silver plating the interior surfaces
of the cavities is recommended if input power is to be
greater than 150 watts. A duplexer of this type with
silver-plated cavities has an insertion loss of less than
1 dB, and a rejection of more than 100 dB. Unplated cavi-
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ties should be disassembled at least every two years,
cleaned thoroughly, and then retuned.

Miscellaneous Notes

1) Double shielded cable and high quality connectors are
required throughout the system.

2) The SWR of the antenna should not exceed 1.2:1 for
proper duplexer performance.

3) Good shielding of the transmitter and receiver at the
repeater is essential.

4) The antenna should have four or more wavelengths
of vertical separation from the repeater.

5) Conductors in the near field of the antenna should be
well bonded and grounded to eliminate noise.

6) The feed line should be electrically bonded and
mechanically secured to the tower or mast.

7) Feed lines and other antennas in the near field of the
repeater antenna should be well bonded and as far
from the repeater antenna as possible.

8) Individual cavities can be used to improve the perfor-
mance of separate antenna or separate site repeaters.

9) Individual cavities can be used to help solve inter-
modulation problems.

BIBLIOGRAPHY

Source material and more extended discussions of
the topics covered in this chapter can be found in the
references below.

P. Arnold, “Controlling Cavity Drift in Low-Loss Combin-
ers,” Mobile Radio Technology, Apr 1986, pp 36-44.

L. Barrett, “Repeater Antenna Beam Tilting,” Ham
Radio, May 1983, pp 29-35. (See correction, Ham
Radio, Jul 1983, p 80.)

W. F. Biggerstaff, “Operation of Close Spaced Antennas
in Radio Relay Systems,” IRE Transactions on
Vehicular Communications, Sep 1959, pp 11-15.

J. J. Bilodeau, “A Homemade Duplexer for 2-Meter
Repeaters,” QST, Jul 1972, pp 22-26, 47.

W. B. Bryson, “Design of High Isolation Duplexers and
a New Antenna for Duplex Systems,” IEEE Trans-
actions on Vehicular Communications, Mar 1965, pp
134-140.

K. Connolly and P. Blevins, “A Comparison of Horizon-
tal Patterns of Skeletal and Complete Support Struc-
tures,” IEEE 1986 Vehicular Technology Conference
Proceedings, pp 1-7.

S. Kozono, T. Tsuruhara and M. Sakamoto, “Base Sta-
tion Polarization Diversity Reception for Mobile
Radio,” IEEE Transactions on Vehicular Technology,
Nov 1984, pp 301-306.

J. Kraus, Antennas, 2nd ed. (New York: McGraw-Hill
Book Co., 1988).

W. Pasternak and M. Morris, The Practical Handbook of
Amateur Radio FM & Repeaters, (Blue Ridge Sum-
mit, PA: Tab Books Inc., 1980), pp 355-363.

M. W. Scheldorf, “Antenna-To-Mast Coupling in Com-



munications,” IRE Transactions on Vehicular Com-
munications, Apr 1959, pp 5-12.

R. D. Shriner, “A Low Cost PC Board Duplexer,” OS7,
Apr 1979, pp 11-14.

W. V. Tilston, “Simultaneous Transmission and Recep-
tion with a Common Antenna,” IRE Transactions on
Vehicular Communications, Aug 1962, pp 56-64.

E. P. Tilton, “A Trap-Filter Duplexer for 2-Meter Repeat-

ers,” QST, Mar 1970, pp 42-46.

R. Wheeler, “Fred’s Advice solves Receiver Desense
Problem,” Mobile Radio Technology, Feb 1986, pp
42-44,

R. Yang and F. Willis, “Effects of Tower and Guys on
Performance of Side Mounted Vertical Antennas,”

IRE Transactions on Vehicular Communications, Dec
1960, pp 24-31.

Repeater Antenna Systems 17-21






	Introduction to the CD-ROM Edition 
	Using this CD 
	Installing Adobe Acrobat Reader 

	The ARRL Antenna Book, 20th Edition 
	Covers
	Contributors 
	Copyright 
	Foreword 
	Contents 
	Schematic Symbols Used in Circuit Diagrams 
	About the ARRL 
	Feedback 

	Chapter 1 - Safety First 
	Tower Safety 
	CLOTHING
	SAFETY BELT & CLIMBING ACCESSORIES
	THE GIN POLE
	INSTALLING ANTENNAS ON THE TOWER
	SOME TOWER CLIMBING TIPS
	THE TOWER SHIELD

	Electrical Safety  
	AC & DC SAFETY

	Lightning and EMP Protection 
	ELECTROMAGNETIC PULSE & THE RADIO AMATEUR

	RF Radiation and Electromagnetic Field Safety 
	THERMAL EFFECTS OF RF ENERGY
	ATHERMAL EFFECTS OF EMR


	Chapter 2 - Antenna Fundamentals 
	Essential Characteristics of Antennas 
	FEED-POINT IMPEDANCE
	ANTENNA DIRECTIVITY & GAIN
	POLARIZATION

	Other Antenna Characteristics 
	RECIPROCITY IN RECEIVING & TRANSMITTING
	FREQUENCY SCALING

	The Vertical Monopole 
	BIBLIOGRAPHY
	TEXTBOOKS ON ANTENNAS

	Chapter 3 - The Effects of Ground 
	The Effects of Ground in the Reactive Near Field 
	FEED-POINT IMPEDANCE VS HEIGHT ABOVE GROUND
	GROUND SYSTEMS FOR VERTICAL MONOPOLES

	The Effect of Ground in the Far Field 
	FAR-FIELD GROUND REFLECTIONS & THE VERTICAL ANTENNA
	THE PSEUDO-BREWSTER ANGLE & THE VERTICAL ANTENNA
	FLAT-GROUND REFLECTIONS & HORIZONTALLY POLARIZED WAVES
	DEPTH OF RF CURRENT PENETRATION
	DIRECTIVE PATTERNS OVER REAL GROUND

	The Effects of Irregular Local Terrain in the Far Field 
	WHAT IS THE RANGE OF ELEVATION ANGLES NEEDED?
	DRAWBACKS OF COMPUTER MODELS FOR ANTENNAS OVER REAL TERRAIN
	RAY-TRACING OVER UNEVEN LOCAL TERRAIN
	SIMULATION OF REALITY--SOME SIMPLE EXAMPLES FIRST
	USING HFTA

	BIBLIOGRAPHY

	Chapter 4 - Antenna Modeling & System Planning 
	OVERVIEW: ANTENNA ANALYSIS BY COMPUTER
	THE BASICS OF ANTENNA MODELING
	PROGRAM OUTPUTS
	PROGRAM INPUTS: WIRE GEOMETRY
	Coordinates in an X, Y and Z World 
	Segmentation and Specifying a Source Segment 
	Some Caveats and Limitations Concerning Geometry 
	Some Other Practical Antenna Geometries 

	THE MODELING ENVIRONMENT
	The Ground 
	Modeling Environment: Frequency 
	Frequency Scaling 

	REVISITING SOURCE SPECIFICATION
	Sensitivity to Source Placement 
	Voltage and Current Sources 

	LOADS
	ACCURACY TESTS
	Convergence Test 
	Average Gain Test 

	OTHER POSSIBLE MODEL LIMITATIONS
	Closely Spaced Wires 
	Fat Wires Connected to Skinny Wires 

	NEAR-FIELD OUTPUTS
	ANTENNA MODELING SUMMARY
	Practical Aspects, Designing Your Antenna System 
	WHAT DO YOU REALLY WANT?
	SITE PLANNING
	ANALYSIS
	BUILDING THE SYSTEM
	COMPROMISES
	EXAMPLES
	ANOTHER EXAMPLE

	Apartment Possibilities 
	Antennas for Limited Space 
	INVISIBLE ANTENNAS
	IINDOOR ANTENNAS
	THE RESONANT BREAKER

	Construction Details and Practical Considerations 
	END EFFECT
	INSULATORS
	INSTALLING TRANSMISSION LINES
	RUNNING THE FEED LINE FROM THE ANTENNA TO THE STATION
	LIGHTNING PROTECTION


	Chapter 5 - Loop Antennas 
	Half-Wave Loops 
	One-Wavelength Loops 
	Small Loop Antennas 
	The Basic Loop 
	TUNED LOOPS
	LOOP Q
	FERRITE-CORE LOOP ANTENNAS
	PROPAGATION EFFECTS ON NULL DEPTH
	SITING EFFECTS ON THE LOOP
	LOOP ANTENNA ARRAYS
	SMALL TRANSMITTING LOOP ANTENNAS
	PRACTICAL COMPACT TRANSMITTING LOOPS
	TYPICAL LOOP CONSTRUCTION

	The Loop Skywire 
	THE DESIGN
	CONSTRUCTION

	7-MHz Loop 
	A Receiving Loop for 1.8 MHz 
	An Indoor Stealth Loop 
	BIBLIOGRAPHY

	Chapter 6 - Low-Frequency Antennas 
	The Importance of Low Angles on the Low Bands 
	Short/Medium-Range Communications
	HAM RADIO RESPONSE IN NATURAL DISASTERS
	GEOGRAPHIC COVERAGE FOR NVIS
	CHOOSING THE RIGHT NVIS FREQUENCY
	SOME OTHER OBSERVATIONS ABOUT NVIS--STRATEGY
	SOME OTHER OBSERVATIONS ABOUT NVIS--ANTENNA HEIGHT
	LOW NVIS ANTENNAS AND LOCAL POWERLINE NOISE
	ELEVATION ANGLES FOR MODERATE DISTANCES ON 75/80 METERS
	ELEVATION ANGLES FOR MODERATE DISTANCES ON 40 METERS
	NVIS SUMMARY

	Horizontal Antennas for the Low Bands
	DIPOLE ANTENNAS
	PHASED HORIZONTAL ARRAYS
	A MODIFIED EXTENDED DOUBLE ZEPP

	Vertical Antennas
	THE HALF-WAVE VERTICAL DIPOLE (HVD)
	MONOPOLE VERTICALS WITH GROUND PLANE RADIALS
	ELEVATED RADIALS & COUNTERPOISES
	GROUND-PLANE ANTENNAS
	EXAMPLES OF VERTICALS
	1.8 TO 3.5-MHz VERTICAL USING AN EXISTING TOWER
	SIMPLE, EFFECTIVE, ELEVATED GROUND-PLANE ANTENNAS
	PHASED VERTICALS
	The Half-Square Antenna


	Short Vertical Antennas
	BASE LOADING A SHORT VERTICAL ANTENAN
	OTHER WAYS OF LOADING A SHORT ANTENNA FOR RESONANCE
	THE COMPACT VERTICAL DIPOLE
	LINEAR LOADING
	COMBINED LOADING
	SHORTENING THE RADIALS
	EXAMPLES OF SHORT VERTICALS
	SHORTENED DIPOLES

	Inverted-L Antennas 
	A DIFFERENT APPROACH

	Sloper Antennas 
	THE HALF-WAVE SLOPING DIPOLE
	THE QUARTER-WAVELENGTH "HALF SLOPER"
	1.8-MHz ANTENNA SYSTEMS USING TOWERS
	THE K1WA 7-MHz "SLOPER SYSTEM"

	BIBLIOGRAPHY

	Chapter 7 - Multiband Antennas 
	Simple Wire Antennas 
	END-FED ANTENNAS
	CENTER-FED ANTENNAS
	THE 135-FOOT, 80 TO 100-METER DIPOLE
	THE G5RV MULTIBAND ANTENNA
	THE WINDOM ANTENNA
	MULTIPLE-DIPOLE ANTENNAS
	OFF-CENTER-FED DIPOLES

	Trap Antennas 
	Trap Losses 
	FIVE-BAND W3DZZ TRAP ANTENNA
	TWO W8NX MULTIBAND, COAX-TRAP DIPOLES

	Multiband Vertical Antennas 
	A TRAP VERTICAL FOR 21 & 28 MHz

	The Open-Sleeve Antenna 
	Practical Construction and Evaluation 

	The Coupled-Resonator Dipole 
	The Coupled-Resonator Principle 
	Some History 
	A Little Math 
	Characteristics of C-R Antennas 
	A 30/17/12-Meter Dipole
	Summary 

	HF Discone Antennas 
	History of the Discone 
	W8NWF's First Discone: the A-Frame Discone 
	A Really Big Discone 
	Radiation Patterns for the Discones 

	Harmonic Radiation from Multiband Antennas 
	BIBLIOGRAPHY

	Chapter 8 - Multielement Arrays 
	DEFINITIONS
	Phase 
	Ground Effects 

	MUTUAL IMPEDANCE
	Amplitude of Induced Current 
	Phase Relationships 
	Tuning Conditions 

	MUTUAL IMPEDANCE & GAIN
	GAIN & ARRAY DIMENSIONS
	PARASITIC ARRAYS
	Driven Arrays 
	Current Distribution in Phased Arrays

	Phased Array Techniques 
	OVERVIEW
	FUNDAMENTALS OF PHASED ARRAYS
	Radiation Efficiency 
	Field Reinforcement and Cancellation 
	Gain
	Nulls
	Mutual Coupling 
	Loss Resistance, Mutual Coupling & Antenna Gain

	FEEDING PHASED ARRAYS
	The Role of Element Currents
	Feed-point vs Element Current

	COMMON PHASED-ARRAY FEED SYSTEMS
	The "Phasing-Line" Approach
	The Wilkinson Divider
	The Hybrid Coupler
	Large Array Feed Systems
	The Broadcast Approach
	The "Magic Bullet"

	RECOMMENDED FEED METHODS FOR AMATEUR ARRAYS
	Current Forcing with Quarter-Wave Lines--Elements In-Phase or 180° Out-of-Phase
	"The Simplest Phased Array Feed System--That Works"
	An Adjustable L-Network Feed System
	Additional Considerations
	Feeding 4-Element and Larger Arrays
	What if the Elements Aren't Identical
	Shunt and Gamma Fed Towers & Elements
	Loading, Matching & Other Networks
	Baluns in Phased Arrays
	Receiving Arrays



	Phased Array Design Examples 
	General Array Design Considerations 
	Choosing Arrayfeed1 Solutions
	90° Fed, 90° Spaced Array 
	"Simplest" (Transmission Line Only) Feed System
	L Network Feed System
	Pattern Verification & Effect of Loss Resistance--"Simplest" System

	A Three-Element Binomial Broadside Array 
	A "Four-Square" Array 
	"Simplest" (Transmission Line Only) Feed System
	L-Network Feed System

	A Four-Element Rectangular Array 
	"Simplest" (Transmission-Line Only) Feed System
	L-Network Feed System

	120° Fed, 60° Spaced Dipole Array
	"Simplest (Transmission Line Only) Feed System
	L-Network Feed System

	PRACTICAL ASPECTS OF PHASED ARRAY DESIGN
	Adjusting Phased Array Feed Systems
	Measuring Element Currents
	Directional Switching of Arrays
	Basic Switching Methods
	Powering Relays Through Feed Lines
	Improving Array-Switching Systems
	Measuring the Electrical Length of Feed Lines
	Measuring Mutual Impedance 


	Broadside Arrays 
	COLLINEAR ARRAYS
	POWER GAIN
	DIRECTIVITY
	TWO-ELEMENT ARRAYS
	THREE- & FOUR-ELEMENT ARRAYS
	ADJUSTMENT
	THE EXTENDED DOUBLE ZEPP
	THE STERBA ARRAY

	Parallel Broadside Arrays 
	POWER GAIN
	DIRECTIVITY

	Other Forms Of Broadside Arrays 
	NON-UNIFORM ELEMENT CURRENTS
	HALF-SQUARE ANTENNA
	BOBTAIL CURTAIN
	THE BRUCE ARRAY
	FOUR-ELEMENT BROADSIDE ARRAY
	THE BI-SQUARE ANTENNA

	End-Fire Arrays 
	TWO-ELEMENT END-FIRE ARRAY
	THE W8JK ARRAY
	FOUR-ELEMENT END-FIRE & COLLINEAR ARRAYS
	FOUR-ELEMENT DRIVEN ARRAYS
	EIGHT-ELEMENT DRIVEN ARRAYS
	PHASING ARROWS IN ARRAY ELEMENTS

	BIBLIOGRAPHY
	Appendix A--EZNEC-ARRL Examples

	Chapter 9 - Broadband Antenna Matching  
	GENERAL CONCEPTS
	The Objective 
	Resonant Antennas 
	Loss 

	Simple Broadband Matching Techniques 
	The Cage Dipole 
	Stagger-Tuned Dipoles 
	Stagger Tuned Radials 

	FEED-LINE IMPEDANCE MATCHING
	PARALLEL-TUNED CIRCUITS AT THE ANTENNA TERMINALS
	The Double Bazooka 
	The Crossed Double Bazooka 

	MATCHING NETWORK DESIGN
	Optimum Matching 
	Chevyshev Matching 

	LC-MATCHING NETWORKS
	80-Meter DXer's Delight 

	PROPERTIES OF TRANSMISSION-LINE RESONATORS
	The TLR Transformer 

	TRANSMISSION-LINE RESONATORS AS PART OF THE ANTENNA
	The Coaxial-Resonator Match 
	The Snyder Dipole 
	The Improved Crossed-Double Bazooka 

	TRANSMISSION-LINE RESONATORS AS PART OF THE FEED LINE
	A Simple Broadband Dipole for 80 Meters 
	80-Meter Dipole with the TLR Transformer 

	BIBLIOGRAPHY

	Chapter 10 - Log Periodic Arrays 
	BASIC DESIGN CONSIDERATIONS
	LPDA Design and Computers 
	LPDA Behavior 
	Feeding and Constructing the LPDA 
	Special Design Corrections 

	A DESIGN PROCEDURE FOR AN LPDA
	Log-Cell Yagis 

	Wire Log-Periodic Dipole Arrays for 3.5 or 7 MHz 
	DESIGN OF THE LOG-PERIODIC DIPOLE ARRAYS

	5-Band Log Periodic Dipole Array 
	The Telerana 
	Improving the Telerana
	The Pounder: A Single-Band 144-MHz LPDA 
	Construction 
	The Feed Arrangement 

	Log Periodic-Yagi Arrays 
	THE LOG-YAG ARRAY

	BIBLIOGRAPHY

	Chapter 11 - HF Yagi Arrays 
	Yagi Performance Parameters 
	YAGI GAIN
	RESPONSE PATTERNS--FRONT-TO-REAR RATIO
	DRIVE IMPEDANCE & SWR

	Monoband Yagi Performance Optimization 
	DESIGN GOALS
	DESIGN VARIABLES
	GAIN & BOOM LENGTH
	OPTIMUM DESIGNS & ELEMENT SPACING
	Two-Element Yagis
	Element Spacing in Larger Yagis

	ELEMENT TUNING

	Specific Monoband Yagi Designs 
	Half Elements 
	Matching System 
	10-METER YAGIS
	12-METER YAGIS
	15-METER YAGIS
	17-METER YAGIS
	20-METER YAGIS
	30-METER YAGIS
	40-METER YAGIS

	Modifying Monoband Hy-Gain Yagis 
	Multiband Yagis 
	INTERLACING ELEMENTS
	TRAPPED MULTIBANDERS
	Christmas Tree Stacks
	Forward Staggering

	Stacked Yagis 
	STACKS & GAIN
	STACKS & WIDE ELEVATION FOOTPRINTS
	A 10-Meter Example
	A 15-Meter Example
	A 20-Meter Example

	SPARE ME THE NULLS!
	STACKING DISTANCES BETWEEN YAGIS
	Switching Out Yagis in the Stack
	Stacking Distance & Lobes at HF
	Changing the Stack Spacing
	Longer Boom Length & Stack Spacing
	Are Higher-Angle Lobes Important?
	Stacking Distances for Multiband Yagis
	Summary, Stacking Distances

	STACKS & FADING
	STACKS & PRECIPITATION STATIC
	STACKS & AZIMUTHAL DIVERSITY
	THE N6BV/1 ANTENNA SYSTEM--BRUTE FORCE FEEDING
	WHY TRIBANDERS?
	THE K1VR ARRAY: A MORE ELEGANT APPROACH TO MATCHING
	SOME SUGGESTIONS FOR STACKING TRIBANDERS
	THE WX0B APPROACH TO STACK MATCHING & FEEDING
	"BIP/BOP" OPERATION
	STACKING DISIMILAR YAGIS

	Real-World Terrain and Stacks 
	OPTIMIZING OVER LOCAL TERRAIN
	SO NEAR, YET SO FAR

	Moxon Rectangle Beams 

	Chapter 12 - Quad Arrays 
	Is a Quad Better at Low Heights than a Yagi?
	Multiband Quads 
	CONSTRUCTING A QUAD
	Making It Sturdy 
	Diamond or Square? 

	Two Multiband Quads 
	A FIVE-ELEMENT, 26-FOOT BOOM TRIBAND QUAD
	A TWO-ELEMENT, 8-FOOT BOOM PENTABAND QUAD

	BIBLIOGRAPHY

	Chapter 13 - Long-Wire and Traveling-Wave Antennas 
	Long Wires Versus Multielement Arrays 
	General Characteristics of Long-Wire Antennas 
	Directivity 
	Calculating Length 
	Tilted Wires 
	Feeding Long Wires 
	COMBINATIONS OF LONG WIRES

	Parallel Wires 
	The V-Beam Antenna 
	Other V Combinations 
	Feeding the V Beam 

	THE RESONANT RHOMBIC ANTENNA

	TERMINATED LONG-WIRE ANTENNAS

	Directional Characteristics 

	THE TERMINATED RHOMBIC ANTENNA

	Tilt Angle 
	Multiband Design 
	Termination 
	Multiwire Rhombics 
	Front-to-Back Ratio 
	Methods of Feed 

	Receiving Wave Antennas 
	THE BEVERAGE ANTENNA

	Beverage Theory
	Performance in Other Directions

	Feed-Point Transformers for Single-Wire Beverages

	The Two-Wire Beverage

	Beverages in Echelon

	Practical Considerations



	BIBLIOGRAPHY


	Chapter 14 - Direction Finding Antennas 
	RDF by Triangulation 
	DIRECTION FINDING SYSTEMS

	Loop Antennas 
	Loop Circuits and Criteria 
	Ferrite Rod Antennas 
	Sensing Antennas 

	PHASED ARRAYS

	The Adcock Antenna 

	LOOPS VS PHASED ARRAYS

	THE GONIOMETER

	Electronic Antenna Rotation 

	RDF SYSTEM CALIBRATION & USE

	FRAME LOOPS

	SHIELDED FRAME LOOPS

	FERRITE-CORE LOOPS

	Obtaining a Cardioid Pattern 

	A SHIELDED LOOP WITH SENSING ANTENNA FOR 28 MHz

	Sensing Antenna 

	THE SNOOP LOOP--FOR CLOSE-RANGE HF RDF

	A LOOPSTICK FOR 3.5 MHz

	Adjustment 

	A 144-MHz CARDIOID-PATTERN RDF ANTENNA

	The Phasing Harness 
	Tuning 

	THE DOUBLE-DUCKY DIRECTION FINDER

	Specific Design 
	DDDF Operation 

	A FOX-HUNTING DF TWIN 'TENNA 
	The Yagi 
	An Interferometer 
	Circuit Construction 
	Antenna Construction 
	Using the Antenna 
	Antenna Alternative  

	THE FOUR-WAY MOBILE DF SYSTEM

	Circuit Description 
	Antenna Switching 
	Detector Circuit 
	Construction 
	Switch Board 
	Feed Lines 
	Mechanical Assembly 
	Final Adjustments 
	Audio Level Adjustments 
	Fox Hunting 

	A TAPE-MEASURE BEAM FOR RDFING

	BIBLIOGRAPHY

	Chapter 15 - Portable Antennas 
	A SIMPLE TWIN-LEAD ANTENNA FOR HF PORTABLE OPERATION

	ZIP-CORD ANTENNAS

	Zip Cord as a Transmission Line 
	Zip Cord Wire as the Radiator 

	A TREE-MOUNTED HF GROUND-PLANE ANTENNA
	A PORTABLE DIPOLE FOR 80 TO 2 METERS

	Construction 
	Aluminum Element 
	Loading Coil 
	Wire and Spool 
	Operation 
	80 Meters 
	2 Meters 
	Continuous Coverage 

	THE HF CABOVER ANTENNA

	TWO PORTABLE 6-METER ANTENNAS

	A Portable Two-Element 6-Meter Quad 
	A Three-Element Portable 6-Meter Yagi 

	VE7CA 2-Element Portable HF Triband Yagis 
	A 20/15/10-Meter Triband 2-Element Yagi 
	The Balun 
	Flattop or Tilted? 
	A 30/17/12-Meter Triband 2-Element Yagi 
	Assembly 
	V Slings 
	SWR Adjustment 
	40-Meter Wire Yagis 
	Summary 

	BIBLIOGRAPHY


	Chapter 16 - Mobile and Maritime Antennas 
	HF MOBILE FUNDAMENTALS

	The Equivalent Circuit of a Typical Mobile Antenna 
	Antenna Capacitance 

	LOADING COIL DESIGN

	Base Loading and Center Loading 

	OPTIMUM DESIGN OF SHORT COIL-LOADED MOBILE ANTENNAS

	Radiation Resistance 
	Required Loading Inductance 
	Loading Coil Resistance 
	Radiation Efficiency 
	Ground Loss 
	Efficiency Curves 
	Impedance Matching 
	Shortened Dipoles 

	CONTINUOUSLY LOADED ANTENNAS

	MATCHING TO THE TRANSMITTER
	Tune-Up 

	TOP-LOADING CAPACITANCE
	TAPPED COIL MATCHING NETWORK

	THE "SCREWDRIVER" MOBILE ANTENNA

	CONSTRUCTING YOUR SCREWDRIVER ANTENNA
	MOUNTING THE ANTENNA

	A COIL COVER


	A MOBILE J ANTENNA FOR 144 MHz

	The Length Factor 

	THE SUPER-J MARITIME ANTENNA

	Antenna Operation 
	Construction and Adjustment 
	Performance 

	A TOP-LOADED 144-MHz ANTENNA

	Construction 
	Tune-Up 

	VHF QUARTER-WAVELENGTH VERTICAL

	144-MHz 5/8 WAVELENGTH VERTICAL

	Construction 
	Tune-Up 

	A 5/8-WAVELENGTH 220-MHz MOBILE ANTENNA

	Construction 

	HF Antennas for Sailboats 
	ANTENNA MODELING

	A SAFET
Y NOTE 
	TRANSOM & MASTHEAD MOUNTED VERTICALS
	THE BACKSTAY VERTICAL

	A 40-METER BACKSTAY HALF SLOPER

	TEMPORARY ANTENNAS

	GROUNDING SYSTEMS


	Antennas for Power Boats 
	BIBLIOGRAPHY

	Chapter 17 - Repeater Antenna Systems 
	Basic Concepts 
	Matching 
	Repeater Antenna System Design 
	COMPUTING THE COVERAGE AREA FOR A REPEATER

	The Repeater Antenna 
	Top Mounting and Side Mounting 
	Effects of Other Conductors 
	ISOLATION REQUIREMENTS IN REPEATER ANTENNA SYSTEMS

	ADVANCED TECHNIQUES

	EFFECTIVE ISOTROPIC RADIATED POWER (EIRP)


	Assembling a Repeater Antenna System 
	A 144 MHz Duplexer 
	THE CIRCUIT
	ADJUSTMENT

	BIBLIOGRAPHY


	Chapter 18 - VHF and UHF Antenna Systems 
	The Basics 
	DESIGN FACTORS

	TRANSMISSION LINES

	WAVEGUIDES

	IMPEDANCE MATCHING

	BALUNS & ANTENNA TUNERS

	THE YAGI AT VHF & UHF

	STACKING YAGIS

	QUADS FOR VHF

	VHF & UHG QUAGIS

	COLLINEAR ANTENNAS

	THE CORNER REFLECTOR

	TROUGH REFLECTORS

	HORN ANTENNAS FOR THE MICROWAVE BANDS

	PARABOLIC ANTENNAS

	OMNIDIRECTION
AL ANTENNAS FOR VHF & UHF

	Ground-plane Antennas for 144, 222 and 440 MHz 
	The J-Pole Antenna 
	Construction 
	Tuning 
	Final Assembly 
	On-the-Air Performance 

	Practical 6-Meter Yagis 
	High-Performance Yagis for 144, 222 and 432 MHz 
	Yagi Construction 
	A HIGH-PERFORMANCE 432-MHz YAGI

	A HIGH-PERFORMANCE 144 MHz YAGI

	A HIGH-PERFORMANCE 222-MHz YAGI


	A 144 MHz 2-Element Quad 
	A Portable 144 MHz 4-Element Quad 
	Materials 
	Construction 

	Building Quagi Antennas 
	QUAGIS FOR 1296 MHz


	Loop Yagis for 1296 MHz 
	The Boom 
	Parasitic Elements 
	Driven Element 
	Tuning the Driven Element 
	Tips for 1296-MHz Antenna Installations 

	Trough Reflectors for 432 and 1296 MHz 
	A Horn Antenna for 10 GHz 
	Building the Antenna 

	Periscope Antenna Systems 
	Gain of a Periscope System 
	Mechanical Considerations 

	BIBLIOGRAPHY


	Chapter 19 - Antenna Systems for Space Communications 
	Common Ground 
	Antennas for Satellite Work 
	Antennas for LEO Satellites 
	Antennas for High-Altitude Satellites 
	CIRCULAR POLARIZATION

	ANTENNAS FOR AO-40 OPERATIONS

	PORTABLE HELIX FOR 435 MHz

	CONVERTED C-BAND TVRO DISHES

	NOTES & REFERENCES, SATELLITE ANTENNAS


	Antenna Systems for EME Communications 
	VHF/UHF EME ANTENNAS

	DISH ANTENNAS FOR EME

	A 12-FOOT STRESSED HOMEBREW PARABOLIC DISH

	EME USING SURPLUS TVRO DISH ANTENNAS

	SHF EME CHALLENGES

	NOTES & REFERENCES, EME ANTENNAS



	Chapter 20 - Antenna Materials and Accessories 
	Wire Antennas 
	WIRE TYPES

	ANTENNA INSULATION

	PULLEYS & HALYARDS


	Antennas of Aluminum Tubing 
	SELECTING ALUMINUM TUBING

	SOURCES FOR ALUMINUM

	CONSTRUCTION WITH ALUMINUM TUBING


	Other Materials for Antenna Construction 
	Plastics 
	Fiberglass 
	CONCLUSION


	BIBLIOGRAPHY


	Chapter 21 - Antenna Products Suppliers 
	Antenna Manufacturers Products 
	VHF/UHF/Microwave Antenna Suppliers 
	HF Antenna Suppliers 
	Antenna Parts 
	Suppliers of Quad Antenna Parts 
	Towers, Masts and Accessories 
	Transmission Lines 
	Transmission Line Instruments and Accessories 
	Suppliers Addresses 


	Chapter 22 - Antenna Supports 
	TREES AS ANTENNA SUPPORTS

	Wind Compensation 

	TREES AS SUPPORTS FOR VERTICAL WIRE ANTENNAS

	MAST MATERIALS

	A Ladder Mast 
	The A-Frame Mast 
	TV Mast Material 

	MAST GUYING

	Guy Material 
	Guy Anchors 
	Guy Tension 

	ERECTING A MAST OR OTHER SUPPORT

	Tower And Antenna Selection and Installation 
	THE TOWER

	TOWER BASES

	TOWER INSTALLATION

	GUY WIRES

	THE RIGHT TOWER FOR YOUR ANTENNA

	ANTENNA INSTALLATION

	THE PVRC MOUNT

	THE TOWER ALTERNATIVE

	ROTATOR SYSTEMS


	BIBLIOGRAPHY


	Chapter 23 - Radio Wave Propagation 
	The Nature of Radio Waves 
	Phase and Wavelength 
	Polarization 
	Field Intensity 
	Wave Attenuation 
	Bending of Radio Waves 

	GROUND WAVES

	THE SURFACE WAVE

	THE SPACE WAVE

	VHF/UHF PROPAGATION BEYOND LINE OF SIGHT

	ANTENNA POLARIZATION

	Polarization Factors Above 50 MHz  

	PROPAGATION OF VHF WAVES

	Weather Effects on VHF/UHF Tropospheric Propagation 
	Tropospheric Ducting 

	RELIABLE VHF COVERAGE

	VHF/UHF Station Gain 
	What It All Means 
	Terrain at VHF/UHF 

	AURORAL PROPAGATION

	HF Sky-Wave Propagation 
	THE ROLE OF THE SUN

	THE IONOSPHERE

	SOUNDING THE IONOSPHERE

	SKIP DISTANCE

	MULTI-HOP PROPAGATION

	MAXIMUM USABLE FREQUENCY

	LOWEST USABLE FREQUENCY

	DISTURBED IONOSPHERIC CONDITIONS

	IONOSPHERIC STORMS

	ELEVATION ANGLES FOR HF COMMUNICATION

	The IONCAP Computer Propagation Model

	IONCAP/VOACAP Parameters

	Looking at the Elevation-Angle Statistical Data

	The Ionosphere Controls Propagation

	Looking at the Data--Further Cautions

	Antenna Elevation Patterns


	ONE-WAY PROPAGATION

	SHORT OR LONG PATH?

	FADING

	OTHER PROPAGATION MODES

	GRAY-LINE PROPAGATION


	What HF Bands Are Open--Where and When? 
	THE PROPAGATION BIG PICTURE

	Do-It-Yourself Propagation Prediction 
	Obtaining Sunspot Number/Solar Flux Data 
	WWV PROPAGATION DATA


	BIBLIOGRAPHY


	Chapter 24 - Transmission Lines 
	Basic Theory of Transmission Lines 
	CURRENT FLOW IN LONG LINES

	VELOCITY OF PROPAGATION

	CHARACTERISTIC IMPEDANCE

	TERMINATED LINES


	Practical Transmission Lines 
	ATTENUATION

	REFLECTION COEFFICIENT

	STANDING WAVES

	ADDITIONAL POWER LOSS DUE TO SWR

	LINE VOLTAGES & CURRENTS


	Input Impedance 
	SPECIAL CASES


	Voltage/Current Along a Line 
	Line Construction and Operating Characteristics 
	AIR-INSULATED LINES

	FLEXIBLE LINES

	COAXIAL CABLES

	SINGLE-WIRE LINE


	Line Installation 
	INSTALLING COAX LINE

	TESTING TRANSMISSION LINES


	BIBLIOGRAPHY


	Chapter 25 - Coupling the Transmitter to the Line 
	MATCHING THE LINE TO THE TRANSMITTER

	The Matching System 
	Harmonic Attenuation in an Antenna Tuner 

	MATCHING WITH INDUCTIVE COUPLING

	THE L-NETWORK

	THE PI-NETWORK

	THE T-NETWORK

	THE AAT (ANALYZE ANTENNA TUNER) PROGRAM

	A Low-Power Link-Coupled Antenna Tuner 
	The Circuit 
	Construction 
	Tune-Up 

	High-Power ARRL Antenna Tuner for Balanced or Unbalanced Lines 
	REASONS FOR USING AN ANTENNA TUNER

	DESIGN PHILOSOPHY BEHIND THE ARRL HIGH-POWER TUNER

	CONSTRUCTION

	OPERATION

	FURTHER COMMENTS ABOUT THE ARRL ANTENNA TUNER


	BIBLIOGRAPHY


	Chapter 26 - Coupling the Line to the Antenna 
	Choosing a Transmission Line 
	FEEDING A SINGLE-BAND ANTENNA

	FEEDING A MULTIBAND RESONANT ANTENNA

	FEEDING A MULTIBAND NON-RESONANT ANTENNA


	Matched Lines 
	Operating Considerations 
	Antenna Resonance 

	DIRECT MATCHING TO THE ANTENNA

	MATCHING DEVICES AT THE ANTENNA

	Common-Mode Transmission-Line Currents 
	UNBALANCED COAX FEEDING A BALANCED DIPOLE

	ASYMMETRICAL ROUTING OF THE FEED LINE FOR A DIPOLE

	COMMON-MODE EFFECTS WITH DIRECTIONAL ANTENNAS

	ELIMINATING COMMON-MODE CURRENTS--THE BALUN

	ONE FINAL WORD


	BIBLIOGRAPHY


	Chapter 27 - Antennas and Transmission-Line Measurements 
	LINE CURRENT & VOLTAGE

	RF VOLTMETER

	RF AMMETERS

	SWR Measurements 
	BRIDGE CIRCUITS


	Resistance Bridge 
	AVOIDING ERRORS IN SWR MEASUREMENTS

	MEASURING LINE LENGTH

	REFLECTOMETERS


	The Tandem Match—An Accurate Directional Wattmeter 
	DESIGN PRINCIPLES

	CIRCUIT DESCRIPTION

	CONSTRUCTION

	ACCURACY

	OPERATION

	DESIGN VARIATIONS

	HIGH-POWER OPERATION


	An Inexpensive VHF Directional Coupler 
	A Calorimeter For VHF And UHF Power Measurements 
	A Noise Bridge For 1.8 Through 30 MHz 
	CONSTRUCTION

	MEASURING COAXIAL-CABLE PARAMETERS WITH A NOISE BRIDGE

	USING A BRIDGE TO MEASURE THE IMPEDANCE OF AN ANTENNA


	A Practical Time-Domain Reflectometer 
	Ground Parameters for Antenna Analysis 
	A Switchable RF Attenuator 
	A Portable Field Strength Meter 
	An RF Current Probe 
	Antenna Measurements 
	SOME BASIC IDEAS

	ANTENNA TEST SITE SET-UP & EVALUATION

	ABSOLUTE GAIN MEASUREMENT

	RADIATION-PATTERN MEASUREMENTS


	Vector Network Analyzers

	S-PARAMETERS

	ARRAY MEASUREMENT EXAMPLE


	BIBLIOGRAPHY


	Chapter 28 - Smith Chart Calculations 
	IMPEDANCE PLOTTING

	Short and Open Circuits 
	Standing-Wave-Ratio Circles 

	SOLVING PROBLEMS WITH THE SMITH CHART

	ADMITTANCE COORDINATES

	DETERMINING ANTENNA IMPEDANCES

	DETERMINATION OF LINE LENGTH

	LINE-LOSS CONSIDERATIONS WITH THE SMITH CHART

	Using a Second SWR Circle 
	Smith Chart Procedure Summary 

	ATTENUATION AND Z0 FROM IMPEDANCE MEASUREMENTS

	Determining Line Attenuation 
	Determining Velocity Factor 

	LINES AS CIRCUIT ELEMENTS

	Designing Stub Matches with the Smith Chart 

	MATCHING WITH LUMPED CONSTANTS

	The Series-Section Transformer 
	An Example 
	Procedure Summary 

	BIBLIOGRAPHY


	Appendix 
	Glossary of Terms 
	Abbreviations 
	Length Conversions 
	Metric Equivalents 
	Gain Reference 

	Advertisements 
	Index 
	Software 
	INSTALLING THE PROGRAMS/DATA
	PLACING ICONS ON YOUR DESKTOP
	SUBDIRECTORIES
	PROPAGATION-PREDICTION FILES
	Choices, Summary and Detailed Propagation Tables 
	Sample Summary Propagation-Prediction Table, January from Boston to the World 
	Sample Detailed Propagation Table for 20 Meters, January, Boston to World for Very High SSN 


	Propagation Prediction Data 
	Instructions 
	Summary Tables Index 
	Detailed Tables Index 




