The VHF Quagi

There have been many half-hearted attempts to combine g
Yagi and a quad. Most have produced questionable results.
Well, here are the “true’ facts, the real dope, the hot scoop.

By Wayne Overbeck,” K6YNB

As its name sugpests, the quag com-
bines the best features of the cubical
quad and the linear Yag-Uda beam
antenna. This article describes an eight-
element quagl design with quad type
driven element! and reflector plus six
Yagi type parasitic directors.

The result is an anienna that has
outperformed all similar size conven-
tional Yagls and a number of bigger
ones at three vhi conferences where
antenna gains were measured, At fre-
quencies above 144 MHz, only larger
and very well-tuned antennas seem to
outperform the eight-element quagl. But
equally important, the quagl can be
built by the average amateur with
simple materials at a small fraction of
the cost of a commercial antenna.

The quagi requires neither fine
tuning nor careful handling, Many of
these antennas have survived several
years of bouncing up and down moun-
fain roads that are little more than goat
trails. The elements can be bent and
restraightened repeatedly without af-
tecting the gain or SWR.

The antenna’s secret, if there is one,
is its hybrid character. With Yagi type
directors, the quagi retains the sm-
plicity and gain of 2 longboom Yag
without the Yagi drawback at vhf - a
dipole driven element. As many antenna
builders have learned, matching a2 Yag
at vhf (and especially ai uhf) is not easy.
Gamma matches tend to become less
than effective at these frequencies, and
ather feed methods such us the deita
with a balun and universal stub lead to
cumbersome antennas that may not
endure rough handling or wet weather,

In fact, some of the best vhi-uhf
anfennas these days, both homemade
and commercial, are hybrid designs that

*5113 Whitecap 5t.. Oxnard Shores, CA
93030
! Footnotes appear on page 14.

avoid the problems inherent in a Yag
type dipole driven element by not using
one! Notable commercial examples of
this irend are the lngperiodic Yag
(using a log-periodic type broadbanded
feed) and a Z0-element collinear with
Yagi type directors. Both are effective
antennas, sans dipole feed problems.
The quagi solves the feed probfem in
a way that is more practical for the
amateur by using a quad type driven
element that requires no tuning at all
for good performance, even at 432
MHz. The quagi can be fed directly with
RG-8/U (or if necessary, RG-11/1J, since
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characteristic mpedance of the loop is
about 60 ohms at resonance). Anyone
who can measure off some lengths of
wire can build one and make it work,
with no test equipment at all. The quad
loops don’t even have to be very
“square” for the antenna to work cor-
rectly. Besides the simplicity, the quad
loops offer a fringe benefit of a little
extra gain over linear half-wavelength
glements, More about that in 2 moment.

Some Quad-Yagi Theory

Although this is a practical con-
struction article and not a theoretical

This array of eight quagis was used for a portable moonbounce expedition to the Utzh-Nevada
border in 1975 (see “Boondoggle in the Boondocks,” page 11 in QST for May, 1976},
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tn this photo WBBI1DK looks over an array of
two guagis each for 144, 222 and 432 MHz
{plus a five-element Yagi for 50 MHz) at a

site in southwestern Utah. From this site
K8YNB/7 worked numeraus stations in the
Los Angeles area, 400 miles away, on all
bands through 432, A noncenductive support
is recommended when quagis are mounted
sicle-by-side as hera,

treatise on antenna design, it would
violate the spirtt of amateur radio to
merely present the dimensions and send
people mnning off to build a new type
of antenna without any discussion of its
theoretical basis. The Yagi-Uda antenna
with half-wavelength tinear elements
was very popular before amateurs began
experimenting with vparasitic heams
made of fullwavelength wire loops.
However, it became uapparent in the
19405 and 1950s that the cubical quad
rivaled the performance of a conven-
tional Yagi.

An excellent history and theoretical
explanation of the quad appears in Orr’s
Quad Antennas.” Tn fact, Orr provided
some of the inspiration for the guag
when he supggested that a two-element
quad had an edge over a two-element
Yagi because of the loop gain (perhaps
an extra 1.57dB). However, he found
that quads seemed to lose this advantage
a3 more ¢lements were added.

Others have disputed that con-
clusion, notably Bergren,” Lindsay® and
recently Harrison.* Lindsay's studies at
the Denver University antenna range in
the 1960s suggested that, for any given
boom length, a quad would outperform
2 Yagi by about 2 dB. Harrison sum-
marized two scholarly antenna studies
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and concluded that a loop-Yag (ie.. a
quad type antenna) with any number of
elements probably outperforms a similar
size Yagi by [ 4B or more,

Lindsay reported that a Yagi must
have nearly twice the boom length of a
quad to achieve the same gain. This
author took advantage of the high gain
per foot of hoom ot the quad to build
an extremely compact and lightweight
moonbounce array of 16 three-element
quads for a recent 2-meter DMXpedition
lo Alaska. A description of this smali
high-gain antenna appears in a moon-
bounce application note published by
Eimac.” The Alaskan moonbounce ex-
pedition itself was recently described in
OST"

The Birth of the Quagi

This type of thinking fed to the
inspiration for the quagi. More im-
mediateiy, though, the quagi was horn
because a commercial Yagi for 432 MHz
performed poorly. It's a story worth
reading it you have cver believed the
often exaggerated catalog gain figures
for some commercial antennas,

in {970, I took 2 brand-new com-
mercial Yagi which had 4 claimed gain
figure of 13.5 dBd to a measuring
session at the West Coust VHF Con-
ference. It measured 64 B over a
dipole! A quick check revealed no errors
in assembly, and un identical Yagi was
soon measured — aiso around 6-dR gain!

“It’s the gamma match, They don't
work at 432 MHz,” a veteran of many
vhi antenna imeasuring sessions said
knowingly. “In fact, few amateurs can
put together any kind of feed system
that works well at that frequency,” he
added.

That was 2 bit of an aversldatement,
of course. Several irue Yagi designs have
now heen published that work well at
432 MUz including the WIHDQ
classic “Tilton Yagi,”’ and newer de-
signs by Knadle® and Hilliard.” How-
ever, all three use matching systems that
require considerable skill to  tune.
Having read what Orr, Lindsay and
others had said about quads and Yaugis,
the author wondered if a quad type of
feed might be the answer.

Before the next West Coast YHF
Conference, the {ll-performing, store-
bought Yagi was modified in onlv one
way: The driven element was removed
and replaced with a quad type loop of
no. 12 wire, There was no matching of
any kind. A type-N connector was
soldered in the center of the guad loop
bottom side, and it was fed directly
with RG-8/U. Now the SWR and gin
both looked better. In the gain contest
at the next YHF Conference, this an-
tenna was measured at 9.4 dB over &
dipcle. Simply eliminating the gamma-
matched dipole and adding a quad loop
had increased the gain 3.4 dB!!!

That led WBARIV and the anthor
into & summer of antenna design work
on a backyard antenna range with a
signal source, a remote dipole and a
tield-sirength meter. If just replacing the
driven element would et us an exira
3.4 dB, what could be done with a
whole new design optimized for a mix
of quad and Yag type elements?

Many, many antennas fater, we had
an eight-element uag whose clement
lengths and spacings seemed about right,
with an overall antenna size that seemed
to be 4 good compromise between hulk
and gain.

The rest is history. The quagi has
won three consecutive 2.meter antenna-
min contests at West Coast VHF Con-
ferences with measured grins up to 14,2
dB over a dipole.!® The 220-MHz ver-
sion has won two out of three mea-
surements (losing once to u much bigger
log-periodic Yug). Even on 432 MHz,
where the quapi with its four-foot
10-inch boom is usualy wne of the
smallest parasitic antennas measured, it
finishes high in the standings, not far
behind the 10-foot Yagis.

[n presenting this information, the
author does not mean to imply that the
2-meter version of the eight-element
quagh will outperform some of the
largest antennas, such as the popular
I6-element logperiodic Yag and
20-element collineat, Both are 4 bit big
to enter in pgain contests, but both
probably cutperform the quagi by 1.5
to 2.0 48 on [44 MHz. Un 432 MHz a
[2oot logperiodic-Yugl described by
Holladay! ' and made commercially by
KLM Electronics tops the four-foot
[04inch quagi by about 2.8 dB. (But it
costs and weighs at least 6 dB more!!!

New Ideas, Anyone?

As far as we know, no quagi of any
size has ever been built for a frequency
below 144 MHz. A 20-meter quag
waould probably be a very good antenna,
but it would be 140 feet long!!! More-
over, gamma-matched dipoles work well
at 14 MHz; this design was created to
solve problems unique to the vhi-ubf
world, A conventional Yagl may well
deliver more gain per pound or per
square foot of windload at 20 meters,
Bven at 50 MHz, & quag of this design
would by too big {ur the author's
portable expeditions and contest work.

If what vou want is a good, easy-to-
build antenna for 144,220 or 432 Mz,
the quagi may be vour answer. Here are
the construction details.

How to Build a Quagi

There are few iricks to gquag
building. The author has mass produced
as many as 1t in one day. Table | gives
the dimensions for various frequencies.

The hoom is wood ur any wother
nonconductor (e.g.. fiberglass). If you



use a metal boom, vou'll have io 1e-
design the whole thing and come up
with new element lengths, Many vhf
antenna builders go wriong by failing to
follow this rule: If the original uses a
metal boom, use the same size and
shape metal boom when you duplicate
i, B it calls for a wood boom, use a
nonconductor, Many amateurs dislike
wouod booms, but in the suthar’s salt-air
environment they outlast aluminum
Cand surely cost less). Varnish the boom
if you wish,

The 2-meter version ks usuaily built
on 4 l4-foat | X 3 boom, with the
boom cut down to taper it to ope inch
at both ends. Clear pine is best because
of its light weight, but construction
grade Douglas fir works well. At 220
MHz, the boom is under [0 feet long
and most buwilders use | X 2 or (pre-
furably} 3/4 by 1-1/4-inch pine molding
stock, On 432 MHz the hoom must be
1/24nch thick or less. Most builders use
" strips of 1/2-inch exterior plywood for
432.1%

The quad elements are supported at
the current maxima (the top and bot-
tom, the latter beside the feed point)
with Plexiglas or small strips of wood.
The quad elements are made of no, 12
copper wire, commonly used in house
wiring. Some builders use no, 10 wire
on 144 MHz and no. 14 wire on 432
MHz, although this changes the resonant
frequency slightly. Solder 2 type-N con-
nector (an 80239 is often used at 2
meters) at the midpoint of the driven
element bottom side, and <lose the
reflector loop.

The directors are mounted through
the boom. They can be made of almost
any metal rod. or wire of about [/8-inch
diameter. Welding rod or aluminum

This is & 432-MH» moonbounce array of 16
eight-element quagis in a configuration that
measures only 12 X 12 feet, Only 15 stations
around the world worked WABLET on ssb
via the moen during the Stanford group’s
Novernber 1975 test, Two of those 15
{WBBRIV and K8YNB) used this array.

Mere is a close-up view of the feed method used on a 432-MHz quagi. This arrangement
produces an excellent SWR and an actual measured gain in excess of 13 dB over an isotropic
antenna with a four-foot 10-inch boom! The same basic acrangement is used on lower
frequencies, but wood may be substitited for the Plexiglas spreaders. The boom is 1/2-inch

exterior plywoaod.

clathesline wire  will

well if

A TV type Ubolt mounts the an-

straight. The author uses 1/8-inch stain-
less-sieei rod secured from an aircraft
surplus store.

tenna on a mast. The auvthor uses a
single machine screw, washers and nut
to secure the spreaders to the boom so

Table 1

Dimensions, Eight-Element Quagi

ELEMENT

LENGTHS 144.5 MMz 147 MHz 222 MHz 432 MHz 446 MHz

Reflector (all 86-5/8" {loop) 85" 56-3/8" 3 27.1/8"
no. 12 TW {2200 mm) (2159 mm) (1432 mmi {711 mm] {689 rmm}
wire, closed)

Driven ele- 82" {loop) 80" 53.5" 265/8" 25-7/8™
ment {no. (2083 mm) {2032 mm) (1359 mm} {676 mm} {657 mm}
12 TW, ted
at bottom)

Directors 35-15/167 35-5/16" to 23-3/8" 0 11-3/4" to 11-3/8" to

to 35" in 34-3/8" in 22:3/4"in 11-7/16" in 11" in
3116 steps 3/16" steps 1/8" steps  1/16" steps 1716
steps

SPACING

R-DE 217 20.1/2" 13-5/8" i 68"

(533 mm} (521 mm) {346 mml {178 mm) {173 mm}

DE-D, 15-3/4"" 15-3/8" 10-1/4" 5-1/4" 5.1

(400 mm} (391 mm) (260 mm) {133 mm} {130 mm)

Bq-0go 33" 321/27 211/2" i1 10,77

{838 mm} (826 mm) (546 mm) {279 mm} {272 mmj

D 17-1/2" 17-1/8" 11-3/8" 585" 5.68"

{445 mm] (435 mm} (289 mm) {148 mm) {144 mm)

D3-Da 26,1 5-5/8" 7" 8.73" 3.46"

{663 mm) (651 mm} (432 mm) (222 mm) {215 mm)

D4-Ds 26,1 25-5/8" 17" 8.73" 8.46"

{663 rmm) 651 mm) {432 mm} (222 mm) {215 mm]

Dg-Ug 26.1" 255/8" 17 g.72" 8.46"

{663 mm) {651 mm {432 mm} (222 mm]) (215 mm)

STACKING DISTANCE BETWEEN BAYS

1!' 1010 7112 3T 35-b/8"
(3.35 m) {3.30 m) {2.17 m) (1.09m) {1.06 m}
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This photo shows a stack of eight-element
fuagis: one each for 144,222 and 432 MHz2.
A& TV type rotor will support a stack such as

this, even in high winds, with little or no wind-

milling. Each antenna is fed directly with
RG-8/U coax.

the antenna can he quickly “‘flattened”
for travel. In permanent installations
tw o screws are recommended.

Construction Reminders

Here are a couple of hints based on
the experiences of those whao have
already built the quagi. First, remember
that at 432 MHz even a 1/8-inch mea-
suring error wifl deteriorate perfor-
mance. Cut the loups and elements as

This is a pair of quagis for 222 MHz, ted with
an RG-59/U type coaxial phasing harness in
the manner described in the text, Note that
a small coil along each feed line is arranged
to minimize feader radiation. Several OS0s
aver the difficult Utah-southern California
path have been completed on 220 MHz with
arrays like this on both ends of the path.

14 g57=

carefully as possible. No precision tools
are needed but be careful about ac-
curacy. Also, make sure you get the
elements in the right order. The longest
director goes closest to the driven ele-
ment,

Finally, remember that you are
feeding a balanced antenna with an
tnbalanced line. Everv balun the author
has tried introduced more losses that
the feed imbalance problem. Some
buiiders have tightly coiled several turns
of the feed line neur the feed point to
limit radiation further down the line. In
any case, keep the feed line at right
angles to the antenna. Run it from the
driven element directly to the sup-
porting mast and then wp or down
perpendicularly for best results.

Phasing Quagis

Like other antennas. quagis can he
phased for additional gain. Arays of
two, four, eight and sixteen have been
phased successfully for tropospheric,
meteor scatter and moonbounce work.
Table @ gives suggested stacking dis-
tances. When phasing quagis, make sure
each bay is fed in the same gense. Each
bay must have its driven element in the
same relative position and must be fed
with the center conductor going to the
same side.

For those not wishing to calculate
phasingline iengths, here is a phasing
plan for two quagis on 144 MHz that
should achieve ut least 2.5-dB stacking
gain. Secure 25 feet of Belden no. 8221
feed line, an 80-ohm foam cable widely
used in CATV applications, and mount
PL-259 connectors (with UG-176 adap-
tors) on each end. Cut the cuble into
two 148-inch lengths, including the
length of the connectors. You'll have a
few inches of cable left over, Strip the
two open ends back 3/4-inch and solder
both ocuter braids into the grounded
mounting holes on an 80239, Trim
away excess. wire. Both center con-
ductors go to the center pin. Weather-
proof all exposed cunnections with a
silicon coating and mount une quag 11
feet ubove the other . An RG-E/U fead
line goes to the SO-239 at the junction
of the iwo phasing lines. If you use any
other brand or type of coax than Beiden
no. 8221, the line lengths will probably
be different.

Conclusion and Acknowledgement

The eight-element quagi has con-
sistently performed well in many kinds
of vhi-uhf service, 1t delivers high min
in an inexpensive and easy-to-reproduce
design, even at 432 MHz. We hope this
article will not only inspire others to
build quagls, but also to spend more
time working DX on the exciting fre-
quencies above 144 MHz,

The author wishes to thank Wilson
Anderson, Jr., WBGRIV, {or his valuable

An array of eight quagis for 144 MHz joins

a seven-giement Yagi for 10 meters atop a
90-foot pole at the Rainbow Ridge contest
station near Matibu, CA. Here KEBCE
straddies the main boom while WB&PXP
works on the pole. This array develeps some
20-dB gain over a dipole — enough for moon-
bounce work — but is not designed to steer
in elevation,

assistance in the development of the
quagi antenna, [BEF]
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