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nite impedance to any RF current that might otherwise
flow on the outer conductor of the coax.

The functions of the balun and the impedance trans-
former can be handled by various tuned circuits. Such a
device, commonly called an antenna tuner  or a
Transmatch, can provide a wide range of impedance trans-
formations. Additional selectivity inherent in the antenna
tuner can reduce RFI problems.

THE YAGI AT VHF AND UHF
Without doubt, the Yagi is king of home-station

antennas these days. Today’s best designs are computer
optimized. For years amateurs as well as professionals
designed Yagi arrays experimentally. Now we have pow-
erful (and inexpensive) personal computers and sophisti-
cated software for antenna modeling. These have brought
us antennas with improved performance, with little or no
element pruning required.  Chapter 11, HF Yagi Arrays,
describes the parameters associated with Yagi-Uda arrays.
Except for somewhat tighter dimensional tolerances
needed at VHF and UHF, the properties that make a good
Yagi at HF also are needed on the higher frequencies.
See the end of this chapter for practical Yagi designs.

STACKING YAGIS
Where suitable provision can be made for support-

ing them, two Yagis mounted one above the other and
fed in phase can provide better performance than one long
Yagi with the same theoretical or measured gain. The pair
occupies a much smaller turning space for the same gain,
and their wider elevation coverage can provide excellent
results. The wide azimuthal coverage for a vertical stack
often results in QSOs that might be missed with a single
narrow-beam long-boom Yagi pointed in a different
direction. On long ionospheric paths, a stacked pair
occasionally may show an apparent gain much greater
than the measured 2 to 3 dB of stacking gain. (See also
the extensive section on stacking Yagis in Chapter 11,
HF Yagi Arrays.)

Optimum vertical spacing for Yagis with boom longer
than 1 λ or more is about 1 λ (984/50.1 =
19.64 feet), but this may be too much for many builders of
50-MHz antennas to handle. Worthwhile results can be
obtained with as little as 1/2 λ (10 feet), but 5/8 λ (12 feet) is
markedly better. The difference between 12 and 20 feet,
however, may not be worth the added structural problems
involved in the wider spacing, at least at 50 MHz. The closer
spacings give lower measured gain, but the antenna patterns
are cleaner in both azimuth and elevation than with 1 λ spac-
ing. Extra gain with wider spacings is usually the objective
on 144 MHz and higher-frequency bands, where the struc-
tural problems are not as severe.

Yagis can also be stacked in the same plane (col-
linear elements) for sharper azimuthal directivity. A spac-
ing of 5/8 λ between the ends of the inner elements yields
the maximum gain within the main lobe of the array.

If individual antennas of a stacked array are properly
designed, they look like noninductive resistors to the phas-
ing system that connects them. The impedances involved
can thus be treated the same as resistances in parallel.

Three sets of stacked dipoles are shown in Fig 7.
Whether these are merely dipoles or the driven elements
of Yagi arrays makes no difference for the purpose of
these examples. Two 300 Ω antennas at A are 1 λ apart,
resulting in a paralleled feed-point impedance of 150 Ω
at the center. (Actually it is slightly less than 150 Ω
because of coupling between bays, but this can be
neglected for illustrative purposes.) This value remains
the same regardless of the impedance of the phasing line.
Thus, any convenient line can be used for phasing, as
long as the electrical length of each line is the same.

The velocity factor of the line must be taken into
account as well. As with coax, this is subject to so much
variation that it is important to make a resonance check
on the actual line used. The method for doing this is shown
in Fig 5B. A 1/2 λ line is resonant both open and shorted,
but the shorted condition (both ends) is usually the more
convenient test condition.

Fig 7—Three methods of feeding
stacked VHF arrays. A and B are
for bays having balanced driven
elements, where a balanced
phasing line is desired. Array C
has an all-coaxial matching and
phasing system. If the lower
section is also 3/4 λ λ λ λ λ no trans-
position of line connections
is needed.

chap18.pmd 2/12/2007, 9:55 AM7



18-8 Chapter 18

The impedance transforming property of a 1/4 λ line
section can be used in combination matching and phas-
ing lines, as shown in Fig 7B and C. At B, two bays spaced
1/2 λ apart are phased and matched by a 400-Ω line, act-
ing as a double-Q section, so that a 300-Ω main trans-
mission line is matched to two 300-Ω bays. The two
halves of this phasing line could also be 3/4-λ or 5/4-λ long,
if such lengths serve a useful mechanical purpose. (An
example is the stacking of two Yagis where the desirable
spacing is more than 1/2 λ.)

A double-Q section of coaxial line is illustrated in
Fig 7C. This is useful for feeding stacked bays that were
designed for 50-Ω feed. A spacing of 5/8 λ is useful for
small Yagis, and this is the equivalent of a full electrical
wavelength of solid-dielectric coax such as RG-11.

If one phasing line is electrically 1/4 λ and 3/4 λ on
the other, the connection to one driven element should be
reversed with respect to the other to keep the RF currents
in the elements in phase⎯the gamma match is located
on opposite sides of the driven elements in Fig 7C. If the
number of 1/4 λ lengths is the same on either side of the
feed point, the two connections should be in the same
position, and not reversed. Practically speaking however,
you can ensure proper phasing by using exactly equal
lengths of line from the same roll of coax. This ensures
that the velocity factor for each line is identical.

One marked advantage of coaxial phasing lines is
that they can be wrapped around the vertical support,

taped or grounded to it, or arranged in any way that is
mechanically convenient. The spacing between bays can
be set at the most desirable value, and the phasing lines
placed anywhere necessary.

Stacking Yagis for Different Frequencies

In stacking horizontal Yagis one above the other on
a single rotating support, certain considerations apply
when the bays are for different bands. As a very general
rule of thumb, the minimum desirable spacing is half the
boom length of the higher frequency Yagi.

For example, assume the stacked two-band array of
Fig 8A is for 50 and 144 MHz. This vertical arrangement
is commonly referred to as a Christmas tree, because it
resembles one. The 50MHz Yagi has 5elements on a
12-foot boom. It tends to look like “ground” to the
8-element 144 MHz Yagi on a 12-foot boom directly
above it. [The exact Yagi designs for the examples used
in this section are located on the CD-ROM accompany-
ing this book. They may be evaluated as monoband Yagis
using the YW (Yagi for Windows) program also supplied
on the CD-ROM. In each case the bottom Yagi in the stack
(at the top of the tower) is assumed to be 20 feet high.]

SWR Change in a Multi-Frequency Stack

Earlier editions of The ARRL Antenna Book stated
that the feed-point impedance of the higher-frequency
antenna would likely be affected the most by the proxim-

Fig 8—In stacking Yagi arrays one above the other, the
minimum spacing between bays (S) should be about
half the boom length of the smaller array. Wider
spacing is desirable, in which case it should be ½ λ λ λ λ λ  or
some multiple thereof, at the frequency of the smaller
array.  At A, stack of 8-element 2-meter Yagi on a 12-
foot boom over a 5-element 6-meter Yagi, also on a 12-
foot boom. At B, 5-element 2-meter beam on a 6-foot
boom over a 3-element 6-meter beam on a 4-foot boom.
At C, a 14-element 70-cm beam on a 9-foot boom,
mounted over a 8-element 2-meter beam on a 12-foot
boom and a 7-element 6-meter beam on a 22-foot
boom.
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ity of the lower-frequency Yagi. Modern computer mod-
eling programs reveal that while the feed-point SWR can
indeed be affected, by far the greatest degradation is in
the forward gain and rearward pattern of the higher-fre-
quency Yagi when the booms are closely spaced. In fact,
the SWR curve is usually not affected enough to make it
a good diagnostic indicator of interaction between the
two Yagis.

Fig 9 shows an overlay of the SWR curves across
the 2-meter band for four configurations: an 8-element
2-meter Yagi by itself, and then over a 5-element 6-meter
Yagi with spacings between the booms of 1, 2, 4 and
6 feet. The SWR curves are similar—it would be diffi-
cult to see any difference between these configurations
using typical amateur SWR indicators for anything but
the very closest (1-foot) spacing. For example, the SWR
curve for the 2-foot spacing case is virtually indistinguish-
able from that of the Yagi by itself, while the forward
gain has dropped more than 0.6 dB because of interac-
tions with the 6-meter Yagi below it.

Gain and Pattern Degradation Due to Stacking

Fig 10 shows four overlaid rectangular plots of the
azimuth response from 0° to 180° for the 8-element
2-meter Yagi described above, spaced 1, 2, 4 and 6 feet
over a 5-element 6-meter beam. The rectangular presen-
tation gives more detail than a polar plot. The most closely
spaced configuration (with 1-foot spacing between the
booms) shows the largest degradation in the forward gain,
a drop of 1.7 dB. The worst-case front-to-rear ratio for
the 6-foot spacing is 29.0 dB, while it is 36.4 dB for the
1-foot spacing—actually better than the F/R for the
8-element 2-meter Yagi by itself. Performance change due
to the nearby presence of other Yagis can be enormously

complicated (and sometimes is non-intuitive as well).
What happens when a different kind of 6-meter Yagi

is mounted below the 8-element 2-meter Yagi? Fig 11
compares the change in forward gain and the worst-case
F/R performance as a function of spacing between the
booms for two varieties of 6-meter Yagis: the 5-element
design on a 12-foot boom and a 7-element Yagi on a

Fig 9—SWR curves for different boom spacing between
8-element 2-meter Yagi on 12-foot boom, over a
5-element 6-meter Yagi on a 12-foot boom. For spacings
greater than 1 foot between the booms, differences
between the SWR curves are difficult to discern.

Fig 11—Plot of 8-element 2-meter Yagi’s gain and
worst-case F/R as a function of distance over two
types of 6-meter beams, one on a 12-foot boom and the
other on a 22-foot boom. Beyond a spacing of about 5
feet the performance is degraded a minimal amount.

Fig 10—Plots of the 8-element 2-meter Yagi’s azimuth
response from 0° to 180° for spacing distances from 1
to 6 feet. The sidelobe at about 60° varies about 6 dB
over the range of boom spacings, while the shape of
worst-case F/R curve varies considerably due to
interactions with the lower 6-meter beam. The gain for
the 1-foot spacing is degraded by more than 3 dB
compared to the 2-meter antenna by itself.
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22-foot boom. The spacing of “0 feet” represents the
8-element 2-meter Yagi when it is used alone, with no
other antenna nearby. This sets the reference expectations
for gain and F/R.

The most severe degradation occurs for the 1-foot
spacing, as you might imagine, for both the 12 and
22-foot boom lengths. Over the 5-element 6-meter Yagi,
the 2-meter gain doesn’t recover to the reference level of
the 8-element 2-meter beam by itself until the spacing is
greater than 9 feet. However, the gain is within 0.25 dB
of the reference level for spacings of 3 feet or more.
Interestingly, the F/R is higher than that of the 2-meter
antenna by itself for the 1, 2 and 5-foot spacings and for
spacings greater than 11 feet. The 2-meter F/R in the pres-
ence of the 12-foot 5-element 6-meter Yagi remains above
20 dB for spacings beyond 1 feet.

Overall, the 2-meter beam performs reasonably well
for spacings of 3 feet or more over the 5-element 6-meter
Yagi. Put another way, the 2-meter beam’s performance
is degraded only slightly for boom spacings greater than
3 feet. A spacing of 3 feet is less than the old rule of
thumb that the minimum spacing between booms be
greater than one-half the boomlength of the higher-fre-
quency Yagi, which in this case is 6 feet long.

For the 7-element 6-meter Yagi, the 2-meter gain re-
covers to the reference level for spacings beyond 7 feet, but
the F/R is degraded below the reference level for all spac-
ings shown in Fig 11. If we use a gain reduction criterion of
less than 0.25 dB and a 20-dB F/R level as the minimum
acceptable level, then the spacing must be 5 feet or more
over the larger 6-meter Yagi. Again, this is less than the rule
of thumb that the minimum spacing between booms be greater
than one-half the boomlength of the higher-frequency Yagi.

Now, let’s try a smaller setup of 2- and 6-meter Yagis
stacked vertically in a Christmas-tree configuration to see

if the rule of thumb for spacing the booms still holds.
Fig 12 shows the performance curves versus boom spac-
ing for a 5-element 2-meter Yagi on a 4-foot boom stacked
over a 3-element 6-meter Yagi on a 6-foot boom. Again,
the 1-foot spacing produces a substantial gain reduction
of about 1.3 dB compared to the reference gain when the
2-meter Yagi is used by itself. Beyond a boom spacing of
3 feet the 2-meter gain drops less than 0.25 dB from the
reference level of the 2-meter Yagi by itself and the F/R
remains above about 20 dB. In this example, the simple
rule of thumb that the minimum spacing between booms
be greater than half the boom length (half of 4 feet) of
the higher-frequency Yagi does not hold up. However,
the same minimum spacing of 3 feet we found for the
larger 2-meter Yagi remains true. Three feet spacing is
almost 0.5 λ between the booms at the higher frequency.

Adding a 70-cm Yagi to the Christmas Tree

Let’s get more ambitious and set up a larger VHF/
UHF Christmas tree, with a 14-element 70-cm Yagi on a
9-foot boom at the top, mounted 5 feet over an 8-element
2-meter Yagi on a 12-foot boom. At the bottom of the
stack (at the top of the tower) is either the 5-element
6-meter beam on a 12-foot boom, or a 7-element 6-meter
beam on a 22-foot boom. See Fig 8C. As before, we will
vary the spacing between the 70-cm Yagi and the 2-meter
Yagi below it to assess the interactions that degrade the
70-cm performance.

Fig 13 compares the change in gain and F/R curves
as a function of boom spacings between the 70-cm and
2-meter Yagis for the two different 6-meter Yagis (with a
fixed distance of 5 feet between the 2-meter and 6-meter
Yagis). In this example, the 70-cm Yagi was designed to
be an intrinsic 50-Ω feed, where the F/R has been com-
promised to some extent. Still, the F/R is greater than
20 dB when the 70-cm Yagi is used by itself.

For spacings greater than 4 feet between the 70-cm
and 2-meter booms, the 70-cm gain is equal to or even
slightly greater than that of the 70-cm antenna by itself.
The increase of gain indicates that the elevation pattern
of the 70-cm antenna is slightly compressed by the pres-
ence of the other Yagis below it. The F/R stays above at
19.5 dB for spacings greater than or equal to 4 feet. This
falls just below our desired lower limit of 20 dB, but it is
highly doubtful that anyone would notice this 0.5-dB drop
in actual operation. A spacing of 4 feet between booms
falls under the rule of thumb that the minimum spacing
be at least half the boomlength of the higher-frequency
Yagi, which in this case is 9 feet.

What should be obvious in this discussion is that
you should model the exact configuration you plan to
build to avoid unnecessary performance degradation.

Stacking Same-Frequency Yagis

This subject has been examined in some detail in
Chapter 11, HF Yagi Arrays. The same basic principles

Fig 12— Plot of gain and worst-case F/R of a 5-element
2-meter Yagi on a 4-foot boom as a function of distance
over a 3-element 6-meter beam on a 6-foot boom.
Beyond a spacing of about 3 feet the performance is
degraded a minimal amount.
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hold at VHF and UHF as they do on HF. That is, the gain
increases gradually with increasing spacing between the
booms, and then falls off gradually past a certain spacing
distance.

At HF, Chapter 11 emphasizes that you should avoid
nulls in the antenna’s elevation response—so that you can
cover all the angles needed for geographic areas of inter-
est. At VHF/UHF, propagation is usually at low elevation
angles for most propagation modes, and signals are often
extremely weak. Thus, achieving maximum gain is the most
common design objective for a VHF/UHF stack. Of sec-
ondary importance is the cleanliness of the beam pattern,
to discriminate against interference and noise sources.

Six-meter Sporadic-E can sometimes occur at high
elevation angles, especially if the Es cloud is overhead,
or nearly overhead. Since Sporadic-E is exactly that, spo-
radic, it’s not a good design practice to try to cover a
wide range of elevation angles, as you must often do at
HF to cover large geographic areas. On 6 meters, you
can change to high-angle coverage when necessary. For
example, you might switch to a separate Yagi mounted at
a low height, or you might provide  means to feed stacked
antennas out-of-phase. Fig 14 shows an HFTA (HF Ter-
rain Assessment) plot of two 5-element 6-meter Yagis,
fed either in-phase or out-of-phase to cover a much wider
range of elevation angles than the in-phase stack alone.

Fig 15A shows the change in gain for four 2-meter
stacked designs, as a function of the spacing in wave-
lengths between the booms. The 3-element Yagi is

mounted on a 2-foot boom (occupying 0.28 λ of that
boom). The 5-element Yagi is on a 4-foot boom (0.51 λ
of the boom), while the 8-element Yagi is on a 12-foot
boom (1.72 λ of boom). The biggest antenna in the group
has 16 elements, on a 27-foot boom (4.0 λ of boom). This
range of boom lengths pretty much covers the practical
range of antennas used by hams.

The stack of two 3-element Yagis peaks at 3.2 dB of
additional gain over a single Yagi for 0.75 λ spacing
between the booms. Further increases in spacing see the
gain change gradually drop off. Fig 15B shows the worst-
case F/R of the four stacks, again as a function of boom
length. The F/R of a single 3-element Yagi is just over 24
dB, but in the presence of the second 3-element Yagi in the
stack, the F/R of the pair oscillates between 15 to 26 dB,
finally remaining consistently over the desired 20-dB level
for spacings greater than about 1.7 λ, where the gain has
fallen about 0.6 dB from the peak possible gain. A boom
spacing of 1.7 λ at 146 MHz is 11.5 feet. Thus you must
compromise in choosing the boom spacing between achiev-
ing maximum gain and the best pattern.

The increase in gain of the stack of two 5-element
Yagis peaks at a spacing of about 1 λ (6.7 feet), where
the F/R is an excellent 25 dB. Having more elements on
a particular length of boom aids in holding a more con-
sistent F/R in the presence of the second antenna.

The gain increase for the bigger stack of 8-element
Yagis peaks at a spacing of about 1.5 λ (10.1 feet), where
the F/R is more than 27 dB. The 16-element Yagi’s gain

Fig 13—Performance of a 14-element 70-cm Yagi on a
9-foot boom, mounted a variable distance over an 8-
element 2-meter Yagi on a 12-foot boom, which is
mounted 5 feet above either a 5-element 6-meter Yagi
on a 12-foot boom or a 7-element 6-meter Yagi on a
22-foot boom. Beyond a spacing of about 4 feet, the
performance of the 70-cm beam is degraded a minimal
amount.

Fig 14—HFTA comparison plots of the elevation
responses for two 5-element 6-meter Yagis mounted at
42 and 30 feet above flat ground, when they are fed in-
phase and out-of-phase. By switching the phasing
(adding a half-wavelength of coax to one of the
antennas), the elevation angle can be controlled to
enhance performance when a Sporadic-E cloud is
nearly overhead.
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increase is 2.6 dB for a spacing of about 2.25 λ
(15.2 feet), where the F/R remains close to 25 dB. The
stacking distance of 15.2 feet for an antenna with a
27-foot long boom may be a real challenge physically,
requiring a very sturdy rotating mast to withstand wind
pressures without bending.

These examples show that the exact spacing between
booms is not overly critical, since the gain varies rela-
tively slowly around the peak. Fig 15A shows that the
boom spacing needed to achieve peak gain from a stack
increases when higher-gain (longer-boom) individual
antennas are used in that stack. It also shows that the
increase in maximum gain from stacking decreases for
long-boom antennas. Fig 15B shows that beyond boom
spacings of about 1 λ, the F/R pattern holds well for Yagi
designs with booms longer than about 0.5 λ, which is
about 4 feet at 146 MHz.

The plots in Fig 15 are representative of typical mod-
ern Yagis. You could simply implement these designs as
is, and you’ll achieve good results. However, we recom-
mend that you model any specific stack you design, just
to make sure. Since the boom spacings are displayed in
terms of wavelength, you can extend the results for
2 meters to other bands, provided that you use properly
scaled Yagi designs to the other bands too.

You can even tweak the element dimensions and
spacings of each Yagi used in a stack to optimize the
rearward pattern for a particular stacking distance. This
strategy can work out well at VHF/UHF, where stacks
are often configured for best gain (and pattern) and are
“hard-wired” with fixed lengths of feed lines permanently
junctioned together.

This is in contrast to the situation at HF (and even
on 6 meters). The HF operator usually wants flexibility
to select individual Yagis (or combinations of Yagis) from
the stack, to match the array’s takeoff angle with iono-

spheric propagation conditions. See Chapter 11, HF Yagi
Arrays. The designer of a flexible HF stack thus usually
doesn’t try to redo the element lengths and spacings of
the Yagis to optimize a particular stack.

Stacking Stacks of Different-Frequency Yagis

The investment in a tower is usually substantial, and
most hams want to put as many antennas as possible on a
tower, provided that interaction between the antennas can
be held to a reasonable level. Really ambitious weak-
signal VHF/UHF enthusiasts may want “stacked
stacks”—sets of stacked Yagis that cover different bands.
For example, a VHF contester might want a stack of two
8-element 2-meter Yagis mounted on the same rotating
mast as a stack of two 5-element 6-meter Yagis. Let’s
assume that the boom length of the 8-element 2-meter
Yagis is 12 feet (1.78 λ). We’ll assume a boom length of
12 feet (0.61 λ) for the 5-element 6-meter Yagis.

From Fig 15, we find the stacking distance between
the 8-element 2-meter beams for peak gain and good pat-
tern is 1.5 λ, or 10 feet, but adequate performance can be
had for a boom spacing of 0.75 λ, which is 5 feet on 2 meters.

The boom spacing for two 5-element 6-meter
beams is 1 λ for peak stacking gain, but a compromise of
0.625 λ (12 feet) still yields an acceptable gain increase
of 2 dB over a single Yagi. The overall height of the
rotating mast sticking out of the top of the tower is thus
set by the 0.625 λ stacking distance on 6 meters, at
12 feet. In-between the 6-meter Yagis at the bottom and
top of the rotating mast we will mount the 2-meter Yagi
stack. With only 12 feet available on the mast, the spacing
for symmetric placement of the two 2-meter Yagis in-be-
tween the 6-meter Yagis dictates a distance of only 4 feet
between the 2-meter beams. This is less than optimal.

The performance of the 2-meter stack in this “stack
within a stack” is affected by the close spacing, but the

Fig 15—Performance of two different 2-meter Yagis (5-elements on 4-foot boom and 8-elements on 12-foot boom)
fed in-phase, as a function of spacing between the booms. Note that the distance is measured in wavelengths.
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interactions are not disastrous. The stacking gain is
1.62 dB more than the gain for a single 8-element 2-meter
Yagi and the F/R remains above 20 dB across the 2-meter
band.

On 6 meters, the stacking gain for two 5-element
6-meter Yagis spaced 12 feet apart is 2.2 dB more than the
gain of a single Yagi, while the F/R pattern remains about
20 dB over the weak-signal portion of the 6-meter band. As
described in Chapter 11, HF Yagi Arrays, stacking gives more
advantages than merely a gain increase, and 6-meter propa-
gation does require coverage of a range of elevation angles
because much of the time ionospheric modes are involved.

Increasing the length of the rotating mast to 18 feet
sticking out of the top of the tower will increase perfor-
mance, particularly on 2 meters. The stacking gain on
6 meters will increase to 2.3 dB while the F/R decreases
to 18.5 dB, modest changes both. The 18-foot mast
allows the 2-meter Yagis to be spaced 6 feet from each
other and 6 feet away from both top and bottom 6-meter
antennas. The stacking gain goes to 2.14 dB and the F/R
approaches 27 dB in the weak-signal portion of the
2-meter band.

Whether the modest increase in stacking gain is
worth the cost and mechanical complexity of stacking
two 2-meter Yagis in-between a stack of 6-meter Yagis is
a choice left to the operator. Certainly the cost and weight
of a rotating mast that is 20 feet long (18 feet out of the
top of the tower and 2 feet down inside the tower), a mast
that must be sturdy enough to support the antennas in
high winds without bending, should give pause to even
the most enthusiastic 6-meter weak-signal operator.

QUADS FOR VHF
The quad antenna can be built with inexpensive

materials, yet its performance is comparable to other
arrays of its size. Adjustment for resonance and imped-
ance matching can be accomplished readily. Quads can
be stacked horizontally and vertically to provide high
gain, without sharply limiting frequency response. Con-
struction of quad antennas for VHF use is covered later
in this chapter.

Stacking Quads

Quads can be mounted side by side or one above the
other, or both, in the same general way as other beam
antennas. Sets of driven elements can also be mounted in
front of a screen reflector. The recommended spacing
between adjacent element sides is 1/2 λ. Phasing and feed
methods are similar to those employed with other anten-
nas described in this chapter.

Adding Quad Directors

Parasitic elements ahead of the driven element work
in a manner similar to those in a Yagi array. Closed loops
can be used for directors by making them 5% shorter than
the driven element. Spacings are similar to those for con-
ventional Yagis. In an experimental model the reflector

was spaced 0.25 λ and the director 0.15 λ. A square
array using four 3element bays worked extremely well.

VHF AND UHF QUAGIS
At higher frequencies, especially 420 MHz and

above, Yagi arrays using dipole-driven elements can be
difficult to feed and match, unless special care is taken to
keep the feed-point impedance relatively high by proper
element spacing and tuning. The cubical quad described
earlier overcomes the feed problems to some extent. When
many parasitic elements are used, however, the loops are
not nearly as convenient to assemble and tune as are
straight cylindrical ones used in conventional Yagis. The
Quagi, designed and popularized by Wayne Overbeck,
N6NB, is an antenna having a full-wave loop driven ele-
ment and reflector, and Yagi type straight rod directors.
Construction details and examples are given in the
projects later in this chapter.

COLLINEAR ANTENNAS
The information given earlier in this chapter per-

tains mainly to parasitic arrays, but the collinear array is
worthy of consideration in VHF/UHF operations. This
array tends to be tolerant of construction tolerances, mak-
ing it easy to build and adjust for VHF applications. The
use of many collinear driven elements was once popular
in very large phased arrays, such as those required in
moonbounce (EME) communications, but the advent of
computer-optimized Yagis has changed this.

Large Collinear Arrays

Bidirectional curtain arrays of four, six, and eight
half waves in phase are shown in Fig 16. Usually reflec-
tor elements are added, normally at about 0.2 λ behind
each driven element, for more gain and a unidirectional
pattern. Such parasitic elements are omitted from the
sketch in the interest of clarity.

The feed-point impedance of two half waves in phase
is high, typically 1000 Ω or more. When they are com-
bined in parallel and parasitic elements are added, the
feed impedance is low enough for direct connection to
open wire line or twin-lead, connected at the points indi-
cated by black dots. With coaxial line and a balun, it is
suggested that the universal stub match, Fig 4A, be used
at the feed point. All elements should be mounted at their
electrical centers, as indicated by open circles in Fig 16.
The framework can be metal or insulating material. The
metal supporting structure is entirely behind the plane of
the reflector elements. Sheet-metal clamps can be cut from
scraps of aluminum for this kind of assembly. Collinear
elements of this type should be mounted at their centers
(where the RF voltage is zero), rather than at their ends,
where the voltage is high and insulation losses and
detuning can be harmful.

Collinear arrays of 32, 48, 64 and even 128 elements
can give outstanding performance. Any collinear array
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