
When you have thoughts of moving up to the big time, the primary
consideration should be your antenna. Most of us don't have the
room or whatever to put up what our fantasies dictate. KlJSR has
worked out more than a happy-medium solution to that problem in
more than journeyman fashion.

A Compact, Four-Band Quad Array
BY STEVE ROOT', KOSR
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(A) saUAREQUAD CONFIGURATION

(B) DIAMOND QUAD (loading wires not shown)

Fig , 1- There are two quadconfigurations
that can be used-the square at (A) and
the diamond shape at (B). In my case I
used the diamond configuration. As you
can see, for the 40 meter quad my sides
are 25 feet and the vaulting pole spread­
ers are 18 feet from the boom to the out­
side. The actual wire dimensions are
given in Table I, At (B) I have only shown
the wires for the 40 meter loop. The other

bands would fit inside this loop.

lavor shorter booms for mechanical rea­
sons; wind loading isn't as severe, so it is
eas ier on the rotor. The 18 loot boom
length also works out well for the a-ere­
ment arrays on the other bands. There­
fore, my first consideration was boom
length. Because element spacing for 40
meters isn't critical with two elements,
spacing with a 40 meter driven element
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truck was required, then it was simply not
practical lor the average installation. The
final consideration was cost. II the project
exceeded the cost of a 40 meter Yagi, a
tribander, and the assoc iated rotor, then
again the project wou ld not be practical.

The KfJSR quad, The driven element (cen­
ter) ;s near the tower and approximately
8 feet from the director end. Note the dou­
ble-truss wires at the center of the boom,
one on each side of the mast, This dou­
ble truss gives much more strength to the
system. (Photos courtesy Ramona Root)

Because of the proximity of my tower to
the house, a boom length of 18 feet was
chosen. This allowed me to use the roof
as a platform lrom which to work , I also

'243 Fourteenth Ave. So" South St. Paul,
MN 55075

O ne 01 my lavorite bands is 40 meters,
and while wire antennas are sometimes
suitable, they really are not my cup of tea.
I wanted a beam, and alter much think­
ing and searching , I decided that a quad
was the answer.

My goal was to design an antenna that
had gain and d irectivity on 40 without
severely compromising the higher bands.
Also, most important, the antenna had to
lit my space. Alter much study, the an­
swer became apparent-a 2-e lement
quad on 40 meters, However, a lull-size
40 meter quad was just not practical. But
a quad, even if it was electrically short,
would provide at least 5 dB of gain, plus
good tront-to-back ratio.

From my studies on quads, I lound that
with careful attention paid to symmetry, a
good, clean pattern would result. Not to
be ignored was the fact that if I had the
2-element40, I also had room lor at least
3 more bands-3 elements each on 20,
15, and 10. These additional antennas
could push 9 to 10 dB gain each, all fit­
ting on the same boom.

The antenna had to be compatib le with
my existing tower and rotor , and have a
total wind area of less than 15 square feel.
Also in my design criteria was the anten­
na could be assemb led by one or two
people , making the project even more
feasib le. If an army equipped with a boom

Every once in a while someone who has
built a better mouse trap comes along.
Steve Root, KfJSR, has done just that,Over
300 countries worked and confirmed on
40 is no small achievement. It requires a
really good signal to accomplish such a
feat from the north central part of the
U.S.A. (plus top-notch operating!). Not
only is there the 40 meter antenna, but the
system lent itself to the addition of a 20,
15, and 10 meter quad. Here is Steve's
antenna system, and it's a good one.

Lew McCoy, W11CP
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Close-up of the double-truss arrangement. The remote antenna switch (in the box)
is also visible.

Fig. 2- At (A) is the system for load­
ing/shortening quad elements. The meth­
od originated with G3FPQ and has prov­
en to be very successful. The loading wire
is 12 inches from the quad element, Side
dimensions are 25 feet. Tuning wires are
about 16 feet long for the driven element,
and 19 feet long for the reflec tor. Spacing
between element and tuning wire is 12
inches. Spreaders are each 18 feet long,
At (8) is the method for hold ing the load­
ing wire in place. The material is spiral
wrap, which is used for bundling wires. A
piece ofwooden dowel is used in the cen­
ter of the spiral to hold the p iece steady.
I have used this system for a coup le of
years through wind, snow, etc., and it has

proven to be trouble free,

Detail of spacers using spiral wrap material
otherwise the wires could become twisted
in a strong wind. This could be any suitable
insulator, as if you were making ladder line.

(8)

Feedpoinl

(A>

fiberglass spreaders. Fiberglass holds
up well to weather and is quite strong.
Vaultinq poles are read ily available and
are extremely strong (for source, see the
notes at the end of this article). It might
be possible to extend standard spread­
ers with aluminum tub ing, but the intro­
duction of other conductors in the near
field of the antenna would be undesirable.

The wire in a quad is obviously the actu­
al antenna, but remember that it also is
an important structural member as well ,
When the wind blows, the wire sees con­
siderable flexing and stra ining. Because
of this, stranded No. 14 copperweld was
used for the element wires on al l quads,
I also have had success with a sing le
strand of No. 18 copperweld , wh ich is

The boom is a p iece of 3 inch diameter
aluminum irrigation p ipe. This material is
read ily ava ilable, and going to the larger
diameter makes lor a stronger design.

The spreaders were fabricated from
vault ing poles and commercial 13 foot

the band. Other published dimensions
would probably work as well (see The
ARRL Antenna Handbook and Bill Orr,
W6SAI 's All About Cubical Quad Anten­
nas book) ,

A quad loop is a lower 0 device than a
d ipole, so its leng th isn't as critical. The
parasit ic elements are tuned closer to the
dr iven element for the same reason, typ­
ically being only 3 or 4 percent different
in length.

As mentioned above, there are two
possible configurations for the quad- the
"sq uare" and the "diamond ." The square
doesn't hang down the tower as far as a
d iamond shape, but from a mechan ical
standpo int the diamond is superior. It lets
freezing rain water run off the wires
instead 01accumulating, With the 40 me­
ter elements it also allows for longer tun­
ing wires. Also , the current points of the
loop are farther apart , inc reasing gain
(gain from stacking ).

Most of the wind load is in the big ele­
ments at the ends of the boom. A mast to
boom truss removes the bend ing move­
ment from the boom and makes the whole
array much more rig id . A double truss
was used to provide lateral support--one
truss on each side of the mast, because
a single truss would have the center up­
right spreader in the way.

Choice of Materials

and reflector could be anywhere from 16
to 24 feet.

As I said , a full-size 40 meter quad
would have been rather large, so the 40
meter elements are not ful l size . The
spreaders requ ired for a full-size element
40 meter quad would have been 26 feet
long, plus each side at 30 feet plus , and
that was simply too big , Techniques for
shortening an element have proven suc­
cessful in other app lications, with a lower
practical limit being about 70 percent of
full size ,

For the reader who doesn 't understand
quad s, let me g ive a little explanation. A
regular-size quad uses elements that are
app roximately one full wavelength in cir­
cumference, Also, a quad has four equal­
length sides. In addition, a quad can be
put up in a "square" configurat ion or a
"diamond" shape (the sides are always
equal in length in either con figuration; see
hg. 1).

In my case, red ucing the size of the 40
meter quad meant that each of the four
sides would be 25 feet in length. Thus, 25
feet on a side, with 18 foot spreaders, is
what I used. The shortened eleme nt is
tuned to resonance by adding capaci­
tance at the side corners of the element
using additional lengths of wire (fig. 2).

This method has the advantages of
being eas ier to adjust than linear load ing,
and the loading isn't in the high-c urrent
part of the loop. The high-current points
are where most of the rad iation from the
element occurs ,

Element lengths for the higher bands
were developed empirically, based on
what I've used in the past. Resonance in
my case is b iased toward the CW end of
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• For Classic Transceivers
• ATLAS, KENWOOD, DRAKE, HEATH
• COLLINS, YAESU, SWAN, TEN-TEC

Now you can add digital readout to your older
transceiver to get a frequency display more
accurate than many of tha newer rigs. The dual
oscillator system gives 100 Hz accuracy Six
digit LED readout has big ,4" digits. Covers
comp~te range 1.5 to 40 MHz.

Model PD-700 $199.95 + $6 shippingihandling U.S.
& Canada. Specify transceiver model. For 12-v DC.
Model PS·90 AC adapter $10. California
residents add sales tax.

compression fil. No slippage has been
observed.

The wires were cut to length using a
100 foot tape. A one inch allowance was
made on both ends for spl icing. If the
splice in the wire lands on top of a spread­
er, considerable flexing may occur at the
solder joint. For th is reason , the splice
should be offset Then it will see only a
pulli ng stress when the spreaders move
in the wind .

To attach the wire to the sp reader, I pre­
fer the method first described by
Landskov.t The wire is first tied to the
spreader using string in a criss-cross
fashion, This is followed by fiberg lass fil­
ament tape and then regu lar electrical
tape. The filame nt tape will deteriorate
due to ultraviolet rad iation , but the elec­
trical lape will shield it. A cable tie over
the tape will keep it from unraveling into
little banners flapp ing in the breeze, This
method allows for some adjustment of
tension, and also el iminates the need to
dril l holes through the spreader. The tra­
ditional method, using holes, will weaken
the spreader and may result in breakage.
Remember that my antenna has been up
for a few years in severe Minnesota win­
ters, so I know the techniques prove out.

To maintain proper current d istribution
in the element, it is a good idea to keep
the assembly as square as possible. To
do this, the wire is marked off with pieces
of tape at each "corner" position. The
attachment points out on each spreader
were marked with a pen, The two points
should intersect; if they don't, someth ing
isn't square. The dimensions I used can
be found in the Table I. Start with the
smallest loop (10 meters) and work out­
ward. When the 40 meter elements are
bu ilt, the tuning wires should be made as
long as possible, since they will be
trimmed later to tune the element to the
proper resonant frequency.

It isn 't necessary to string the element
like a vio lin! Even though this may appear
p leasing , the extra tension will promote
wire b reakage. Just enough tension
should be used to hold the element in
shape, The spreaders shou ld flex. Think
about the abuse a fiberglass fishing rod
can handle!

The feed point of each driven element
deserves special cons ideration. Small

68,375
26,251
34.417

DirectorDriven
100
71
47.5
35,19

Reflector
100
73
49.083
36.542

Band
40
20
15
10

Three different-size spreaders are used.
The middle element in the array uses
standard 13 foot commercial spreaders ,
The end elements use 18 foot spreaders
made from standard 13 foot spreaders
and vaulting poles. The upright spread­
ers in the diamond configuration hold up
most of the we ight of the wire, so they
have to be stronger than the others.

This antenna uses 15 foot long vau lting
poles with a 3 foot extension, cut from a
standard spreader. The side and down­
ward spreaders are standard 13 foot
spreaders extended with a 6 foot piece
of vaulting pole. It broke my heart to take
a saw to those beautiful 15 foot vaulting
poles, but it is less expensive to use stan­
dard spreaders to make up the length,
and you really don't need the full diame­
ter out at the end with the light-duty
spreaders. This minimizes wind load.

To join the standard spreader to the
vaulting pole, a shim was made from a
section of black rubber hose found in the
local hardware store. Although close to
the proper wall thickness, etc " it required
some sanding to ach ieve a snug fit to the
inside diameter of the vaulting pole. A 6
inch long slit was cut lengthwise in the
end of the vau lting pole, and a stainless­
steel hose clamp was used to make a

Table 1- Kl}SR's element lengths.

Construction Methods

very inexpensive and light. Do not use soft
drawn copper wire because it wi ll stretch
forever,

The spreader to boom c lamps are com­
merc ial units. 1don't know if there is any
way to fabricate a clamp that is as strong,
light. and straightforward as a one-p iece
aluminum casting. These clamps have
been used for years on various quads I
built and have never failed.

The boom to mast plate is a piece of
scrap aluminum and some muffler clamps.

IsCWA
Problem?

Held back because you can't do code?
Why? Mental blocks about CW are
easy to ove rcome with CW Mental
Block Buster. This tape and booklet
program uses hypnosis, affirmations
and mental movies (visualization) to
EXPLODE Jour mental blocks.
You've never heard a code tape like
this before. Why waste time banging
your head against the wall with a mere
practice tape- You can explode the
wall with CW Mental Block Duster!
Requires 30 minutes per day for 30
consecutive days to begin to see
improvement. You can learn code! You
can move up! $25.95 ppd (+$3/two­
day delivery) in US
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Hypnos is tapes are not copy-practice tepes.

Order today!
GA residents add 6% sales tax

Office hours after 4:30PM Eastern

•
Phone: 404-640·6295 r"

l.: . FAX: 404·640·8780 i ViSA J
MCNISA maillfax orders include signature

•Send for FREE cata log showing our complete
line: Digita l Readout, Noise Bridge, Balun" SWR
Meters Md more,

PALOMAR
ENGINEERS

BOX 462222, ESCONDIDO, CA 92046
Phone (619) 747-3343

FAX (619) 747-3346

Here is a detail of the 40 meter spreader. The large diameter is the vaulting pole, then
the rubber shim, and the smallest diameter is the end section.
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GORDON WEST
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08731X No Code Tech . $49.95 __
Includes 2 novice theory tapes, 2
technical theory tapes , 1 textbook, the
latest FCC aureooox. and frequency
and band charts.

087328 21·Day Novice $39.95 :-:-:-
Includes 2 code tapes, 2 theory tapes,
1 sample 5 wpm Novice code test, 1
textbook, and the latest FCC Rulebook.

087301 Novice Code $39.95 -:-:-_
Includes 6 tapes that make it easy to
learn the code from scratch. Covers
FCC Element 1A.

087336 2-Week Tech. $34.95 __
Includes 2 theory tapes, 1 question­
and-answer textbook, and the FCC
Rulebook. Covers FCC Element 3A.

Detail of the spreader clamps at the boom.

loops are formed at each end of the wire,
and a p iece of string is run through these
loops and around the spreader to make
the attachment. The filament tape and
electrical tape are applied over the string
to complete the mechanical attachment.
Next the coax is soldered in place, and
the whole thing is weatherproofed with a
product such as Coax-seal®. It is very
important to keep moisture out of the end
of the coax , With the diamond configura­
tion, the downward spreader provides a
solid position for the feed point, and the
feed line can be dressed along the
spreader and back to the boom. This will
minimize movement at the solder con­
nections.

The spreaders are held to the boom
clamps with stainless-steel hose clamps.
It isn't necessary to "crunch down" on the
spreader, just hold it firmly in place.
Otherwise a broken spreader can result.

Each element is assembled on the
ground, and brought up to the boom one
at a time. 1have a crank-up tower, and
when it is nested, I can reach the end of
the boom from the roof of my house.
Alternatively, a tall step ladder could be
used. With a free -standing tower, the
boom cou ld be placed at an appropriate
height for assembly and then the com­
pleted antenna hoisted up to the top.

Tuning and Feeding

Proper current distribution is necessary
for a good antenna patte rn. This is
achieved with element geometry and with
a good balun at the feed point. The cu r­
rent-type balun works well and is com­
pact. It consists of a num ber of ferrite
beads placed over the outside of the feed
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line, near the feed point The amount of
inductive reactance is proportional to the
number of beads and frequency. I used
"Super Beads," avai lab le from Radiokit,
Amidon, and The Wireman. Rad iokit also
sells a balun kit that uses 5 beads and is
rated down to 160 meters. I used 5 beads
on 40 meters, 4 beads on 20 meters, and
3 beads on 15 and 10 meters. The beads
were taped up and sealed against mois­
ture; otherwise they could crack in the
winter.

There are two alternatives to the beads.
One is to use a linear sleeve balun. This
device is made from a quarter-wave
length of braid placed over the feed line
and electrically attached to the feed-line
braid at the end away from the feed point.
It is inexpensive and simp le to construct.

Another simple method of keeping the
feed coax shield "cold" for RF is to grid
dip the shield with the antenna attached.
If a d ip shows up in the band, simply add
a few feet of coax to get the dip out of the
band, and the shield will be cold , pre­
venting feed-line radiation.

A separate feed line lor each band is
run to a remote antenna switch placed on
the mast. Even though tying all the feed
points together has been a standard
practice, I know that common feed will
cause interaction problems, both on 40
and 15 and 20 and 10, complicating im­
pedance matching . There are commer­
cial units available, or one could be con­
structed using relays.

The loaded 40 meter elements are
tuned to resonance by introducing cap­
acitance at the side corners (see fig . 2).
This method was developed by G3FPQ,
and described by Devoldere in his book.e
The technique has been applied d iffer-

087360 Complete Gen. $69.95 :-_
Includes 6 code tapes (5 to 13 wpm),
2 theory tapes, 1 textbook, and the FCC
Rulebook. Ideal for upgrade from
Technician to General.

087352 General Code $39 .95 __
Includes 6 tapes (5 to 13 wpm).
Covers FCC Element 18.

087344 General Theory $34.95 _ ,­
Includes a tully illustrated textbook with
2 theory tapes to cover FCC element 38.
Also includes the FCC Rulebook.

087379 Adv . Theory $44 .95.-c_
Includes 4 theory tapes, 1 illustrated
textbook, and the FCC Rulebook.
Covers FCC Element 4A.

087409 Complete Extra $69.95 _
Includes 4 theory tapes , 6 code
tapes (13 to 22 wpm) 1 textbook, and
the FCC Aulebook. Cove rs FCC
Elements 1C and 48.

087387 Extra Theory $44.95 -c-
Includes 4 theory tapes, 1 illustrated
textbook, and the FCC Rulebook.
Covers FCC Element 48.

087395 Extra Code $44.95 __
Includes 6 tapes (13 to 22 wpm)
for the Extra code exam.
Covers FCC Element 1C.

Please send me the items that I have
indicated above. I have enclosed my
check/money order for $~~~~~~
(please add sales tax in CA, DC, Il , MA,
NJ, NY, OH, PA, TN, VA & Canada, and
$3.00 for postage and handling for U.S.
shipments and $7.00 for all shipments out­
side me U.S.)

Or call and charge on your credit card.
American Express, MasterCard and Visa
accepted . Please be sure to include
shipping instructions. Prepayment
required and must be in U.S. funds.

DRAU 1093

RADIO AMATEUR Ca lib ao k
P.O. Box am lakew:Xd, NJ 00701

1-0c6-0C6-2001(Au1e) 1~(Fax)
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QaQlity Antennas at ~SQftQblqPrices!

ohms, The addition of a matching device
is undesirable due to the need to weath­
erproof it ,and ad justments are difficult up
in the air. It really is unnecessary.

Perlormance

It is d ifficu lttoestimate how well an anten­
na works in absolute terms. The prev ious
antenna used on 40 meters was a quar­
te r-wave vertical with an elevated ground
system, and it was left in place for com­
parison purposes. On both stateside and
OX signals one to two s -unlts improve­
ment with the quad was typical. In no case
was the vertical better than the quad, and
due to the low noise character istic of loop
antennas , it was surprising how often it
was possible to copy sig nals that simply
weren't there w ith the vertical.

My quad is on a 50 loot tower, which is
really quite low in terms of a wavelength
on 40 meters, yet the antenna exh ibits a
reasonable pattern. It has been observed
that in OX p ile-ups this array wilt outper­
term vertical or wire arrays, and hold its
own with Yagis at 70 to 100 feel.

An antenna that doesn't stay up isn't
worth rnucn , so most of the design cen­
tered on mechan ical considerations. This
quad has been up since August 1990 and
has survived Minnesota winters and nasty
thunderstorms without a problem. How
good is this shortened quad on 40? I have
over 300 countries confirmed on 40 , no
small feat for this area of the U,S.

If you have any questions or would like
more information, you can write to me at
the address at the beginning of th is art i­
cle (please include an SASE).

FUTURES
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nant frequency of the element could be
measured . Th is was done using two dif­
ferent instruments , a grid-dip meter, and
a noise bridge.

The length of all four tuning wires is
trimmed to keep them the same length
and to maintain proper c urrent distribu­
t ion. The reflector was tuned to 6.8 MHz,
or 3.5 percent below the design frequen­
cy .The driven element was then tuned for
the best impedance match at 7.05 MHz.
This may not be the best way to tune a
parasitic array , but it worked! The imped­
ance match of the higher bands is p ri­
marily determined by reflector spacing,
which in th is case is fairly c lose to 50

MAXiMUM PERfoRMANCE

MONOb4Nd VERTiCAls
Dipoles· vee's • SLOpERS

BR04db4Nd Dis(:ONU
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ently here due to the d iamond shape of
the element. Longer wires are possible
this way.

The spacers seen in the drawing keep
the tuning wires from twisting around the
element during windy conditions. Any
light-insulating material would work. I
used pieces of "sp iral wrap " material
(used to bundle up wires) w ith a stick slid
down the middle. The ends simply were
wrapped around the wires.

The four-band reflector was built first
and placed on the tower. The lower cor­
ner of the 40 meter element was made like
a feed point. This permitted a small loop
to be placed in the toop so that the reso-

Factory authorized distributor for Alpha, Amphenol,
Belden, Kings, Times, Cablewave

HARDUNE 50 OHM
FLC12 112' CaOleW.,V6
carrc0pp8rb/kjld., j 791ft
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.,~ 4 551ft00fT. copper blk I~' ,.... ..... .

NW 2CC N GO,m 1/2' GO(/',
copper m!f , , , 28,15
NM78CC N conn 718· carr,
cower m!f , , 67.50
UMI2CC PL259 for 1/2·
00fT. coppar ····.. ·· 24,75

FLXI4 114" super 65/fl
flexible, ......,...········..··,·..· I.
FLX I2 112'" wpar 51ft
/lex'0Ie , ,..····· ········ 3. 1

12240 NE 14th Ave., N. Miami, FL 33161
(305) 893-3924 24hr. FAX (305) 895-8178 (800) 522-2253

Appendix

Suggested additional read ing : All About
Cubical Quads, by Bill Orr, W6SAI , 2nd
edition, p . 46; ARRL Antenna Anthology,
1st edition, p. 56; ARRL Antenna Hand­
book, 15th edition, p. 12-2.

For vaulting poles contact Peterson
Co., P.O. Box 25536, Salt Lake City, UT
84 125 (801-972-3328).

For quad components contact the fol­
lowing:

Cubex Company, P.O. Box 732, Alta­
dena, CA 91001.

Antenna Mart , P.O. Box 699, Loqans­
ville, GA 30249 (404-466-4353).

Lig htn ing Bolt Antennas , RD #2, RT 19,
Dept. 0, Volante, PA 16156 (415-530­
7396) .

Footnotes

1. H. Land skov , "Evolution of a Ouad Ar­
ray," QST, March 1977, p. 32.

2 . Devoldere, J" Antennas and Tech­
niques for Low Band DXing, ARRL, New­
ington, CT.
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