
A Cubical Quad Cum Vagi
BY RALPH TURNER' , VK5TR

This 20 meter antenna combines the features of the Quod and Yogi antennas
for simple construction and improved performance. The information given
is also valid for the conventional two element Quod and can help to improve

performance of these antennas.

T
il E two elemen t ' cubical quad is in the
wri ters o pinion the best all arou nd antenna
yet de vised. When assessed on a forward

ga in. angle of radia tion. front to back rat io. and
low initial cost, as compared to an y other type of
antenna. for sim ila r performance. it excels .

I have had so much success with the two ele
ment quad that. a fter listening to G 3VNA. it
was decided to try his approach to quads.
G3VNA uses a Quad with two conventional ele
menIs plus a Vagi type reflector and director.
As a result G3VNA puts the best and most con
sistent signa l into VK5 land.

I have talked to many hams all over the world
who hav'e bui lt quads and have come to the
concl usion that only about 50% of them have
been sa tisfied th at the ir quads are really working
a t the ir peak performance. ~I ost think their quad
is working bu t they a re not confiden t enough to
say that they know tha t it is working 100%.

The reason for the failure to get a quad work
ing properly is. in my opinion. due to four main
points which are as follows:

I. The exceptionally high Q of the reflector.
2. The fac t tha t it appears to be impossible to

accurately "grid dip" a quad radia tor.
3. The disastrous effec ts that metal spreaders

have o n the opera tion of a quad.
4. The interaction be tween the radiator anJ

re flecto r elements.
.2~ A ustra l A venue, Lind en Pa rk, So uth Aust ralia ,
Au slrali a .
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High Q

The two elements of a Quad could be viewed
as the two tuned circuits of a very high Q i.f.
transformer. where tu ning one coil detunes the
other. Those readers who have tried to band
pass a series of tight coupled i.f. transformers will
apprec ia te that trying to tune these circuits is like
a dog chasing its ta il.

T he Q of a quad reflector is so high tha t it is
prac tica lly impossible to tune it except by remote
means. the proximity of a hand bei ng sufficient
to move the resonant frequency many kc. If th is
effec t is clearly unde rstood you are on the way
to success wi th your quad.

Obviously the design of the refl ector should be
such tha t any a lterations that have to be made
to the length of th is element can be made with
ou t too much pain or strain.

we found tha t using a load ing coil in place
of a tuning stub broadened out the cha racter
istics of the reflec tor and was a whole lot easier
to adjust than a stub.

Grid Dipping Quad Radiaton

For some reason un known to the writer. a q uad
radiator wmlOI be grid di pped in the same rnan
ner as a Vagi element. Th is pecu liar effect has
resulted in all sorts of varying lengths of ra dia tor
elements bei ng publ ished. We sugges t that the
lengths specified. 17'2 " on a ll sides. be strict ly
adhered to until final adj ustments are made. The



only method of de termining the resonant fre
quency of a quad is by means of an s.w.r. meter.
The frequency indica ting the lowest s.w.r. is the
resonant frequency of the quad.

Metal Spreaders

The writer has not been able to make a quad
work efficiently when metal spreaders were used.
T he reason for th is effect is not know n.

Interaction Be tw ee n Elements

The quad is bas ically two high L . low C tuned
circuits with a high degree of cou pling between
the elements, and. as with any such circuit. the
tuning of one circuit detunes the other. Hence.
the advice that the lengths of the radiator must
be left alone until the correc t length of the re
flector is de termined by means of adj usting the
loading coil.

Design

\Vell now so much for the why: now for the
how. For mechanical balance it is necessary to
have four elements on a quad. It is impractical to
have three elements. as the quad radiator would
he hard up agai nst the tower. o r alte rna tively the
weight of the ele ments on the boom would not
be evenly distributed. The Vagi elemen ts were
thought to be easier to co nstruct than additional
quad elements. but no claim is made for per
fo rmance as compared to a four element quad.
Boom-c-As we had a light telescopic mast made
of th ree IS' sections. a portion of th is was used
as a boom. The IS' length of 2" o.d. was used
as the main boom. with the I S' of I ~ " o.d.
section cut in half and used as extensions to
mount the Vagi reflec tor and di rector. This pro
cedure allows the spacing be tween the Vagi and
quad elements to be adjusted to some extent.

T he ends of the mai n boom are cu t every lh"
fo r a length of 2" and a rad iator hose clamp is
used to tighten the end of the main boom on to
the extension boom. When optimum spacing is
selected the two booms should be d rilled and
locked up with self-tapping screws.

----- . • 2" Boom

, '"...

Fig. l -~'ethod of mounti ng the Yogi reflecto r ond
director 10 the boom ends is shown above. Th e d etails

a re gIven in the text.

Ya~i Director and Retlectnr ~tounCin:::s--l n

order to mount the directors and reflectors on
the extension booms. a 3" length of I" o.d. X 16
gauge steel tu be is welded at right angles to the
boom. The boom end is fi led out to fi t and slightly
fl attened on two sides to meet the diameter of
the smaller tube.

A IS" length of 'J/g " wood dowel. well var
nished. is passed through the 3" length of tube so
that six inches projects on each side of the mo unt
ing. The Vagi elements slip over the wood dowel
to a length of 5" . This is shown in fig . I.
Yaa:i Elements-The Vagi elements consist of
four 12'lengths of I" o.d. X 16 gauge aluminum
tube. two for the reflector and two for the di
rector. This length was chosen at random and
has no special significance. T he inboard end of
each element is cut in four places with a hack
saw to a length of 11h " fo r clamping purposes.
The tube is pushed over the piece of MI " dowel.
leaving a space of J" between the end of the tube
and the steel mount.

T he elements are clamped to the wood dowel
by means of two I H diameter hose clamps. These
clamps also serve to mount the loading coils.
Yaa:i Element Support-In order to prevent the
sag in the I" aluminum tubing. five S" T V type
stand-off insu lators are mounted along each ele
me nt as shown in fig. 2. Two VH" diameter holes
are drilled approximately lh " in from the end of
the elements and a :# 16 wire loop tied through
each hole. Two lengths of 100 lb. nylon fishing
line are tied to one end. then passed through
the stand ofTs and tied to the other end of the
element. If the nylon is tied when the clement
has an upward curve the entire eleme nt should
become straight when mounted on the boom.

•
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Fig . 2- Th e director and reflector would sa g without
the support shown above. Nylon fi sh line, 100 lb .
weight, is st re tched through five 5" TV sto nd -off

insulators.

Quad Spide r- The quad spider is designed to
rota te on the boom; this enables the elements
to be strung by rotating the spreade rs like a wind
mill and also allows the distance be tween the
quad elements to be varied easi ly.

The spider mount consists of a 12" length of
2!4" 18 gauge steel tube. Four pieces of I" i.d.
16 gauge steel tube. IS" long. are welded to the
mount in the form of a square as shown in fig. 3.
One end of each of the four pieces of tube are
fi led to fi t perfec tly before welding. It is highly
des irable to use a jig for setting up. as the tu be
wi ll move during weld ing and will not fi nish up
square.

When the spider is welded. four 3 /16" holes
should be drilled adjacent to each weld to allow
for drain out of any water that seeps into the
spider.

Two % " steel nuts are welded to the spider
mount to provide fi ..ving to the boom. These nut s
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are easily held in position for welding if the tube
is drilled and tapped fi rst and a stud sc rewed
through the nul and the tapped hole.

Spreaders

In the interes ts of economy and for reasons
previously sta ted the spreaders are ha lf of alumi
num tubing and half of wood dowel. Bamboo
canes. where availab le. are idea l bu t a re not
read ily available in th is neck of the woods.

T he a luminum spreaders are six feet of I" o .d.
16 gauge lu be. T he wood spreaders a re six feet
of l~ " wood dowel whic h should be va rn ished
with three coats before assembly. The a luminum
spreader is pushed in to the spider for a dis tance
of -l H and held in position by means of two YH"
X lh" se lf-ta pping screws.

The wooden spreader is pushed into the end
of the a luminum spreader for a distance of four
inches and is held by means of two I;H " X lh"
se lf-ta pping screws. D ra in holes shou ld be dri lled
in the a luminum spreader adjacent to the end of
the wooden dowel on the two bottom spreaders.

Fig . 3-Dela ils a f the spider and sprea de rs. If bamboo
sprea de rs a re csed, cammerc iol spiders would be

suita ble.

Stringing Quad Elements

The qu ad elements consists of 68 'S" of # 14
bare copper wire . Other wire of simila r size will
do but stranded wire is preferred because of its
grea ter fle xibil ity. Two lengths of wire shou ld be
ru n o ut and pre-stre tched and marked a t 17'2 "
with plast ic insu la tion tape. Mark ing shou ld start
fro m the middle of the 69' to a llow for the ha lf
lengths o f wire fr om the bottom spreaders to the
feed and co il points. When the wire is marked
at the center po int two points M'7" each side of
the cente r should be marked. Now remove the
center mark ing and measure the other points .

In selecting the spreaders wh ich are to be at

the to p of the quad remember tha t you have to
tighten up the ~" set screws on the spide r after
the wire is fastened. These screws are more easily
tightened when they are projecting downwards.

Fasten the wire to the top spreade r by mea ns
of an insula ted sta ple. The staple is not ham 
me red home bu t allows the wire to pass Ireely
through it. This allows the spreaders to be ad
justed so tha t they are all in line and straight.
" he spreaders are now rotated like a wind mill
and the wire is fastened 10 each spreader.

II is wise to connec t the plastic termi nal block
to the two ends of the wire in orde r that the
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bottom side of the: wire may be set square. O nce
the wire has bee n fi xed at a ll fo ur po ints the
a rray ca n be checked for "squa reness" and the
sta ples driven home.

Both the q uad elements a re ide ntica l in length
of wire and method of fixing . The two q uad
elements should now be spaced 6' each side of
the ce nte r of the boom and the set screws locked
up . A boom mount is shown in fig . 4 . The fi nal
positi on of the clements is shown in fig . 5.

Fig . 4- The boom mount is made of a 2 foot length of
2" X 3 / 16" chonnel with four %" X 2" bol ts we ld
Q S shown . The c10mps are 2" X 3 / \6" . The support

pipe is b roced diagona lly by W ' X 3 /16" stack.

Square or Diamond

T he square type set up is used in preference to
to diamond owing to the difficulty ex perienced
with entangleme nt with guy wires when a dia
mo nd sha pe was used. It has been stated tha t
the diamond se t up gives I db more gain but our
tower and guys did not allow a true compara tive
test.

Yagi loading Coils

As the Vagi elements a re shorter than the re
quired electrical length. loading coi ls are neces
sary . The director coil is II turns of # 14 copper.
wound I " in diameter over a 2" length. The Vagi
reflector coi l is 22 turns of # 14 wire. wound I"
in dia mete r over 4" . The ends of the coi ls projec t
for approx 2" and are hammered flat and slipped
under the I " diame ter hose clamp.

The Vagi elem ents should be pretuned to the
approx frequen cy by means of a grid d ip meter
before fix ing to the boom. Remember tha t in
mounting the Vagi elemen ts o n the boom the
coupling to the other elements will lower the
inductance of the loading coil and consequently
more turns on the loading coi l will be req uired .
We tuned our eleme nts to the desi red f requency
befo re mounting on the boom. with the coil wide
spaced and then squeezed the coil together to hit
the correct frequency when the e lements were
mou nted on the boom.

If a portable grid di p me te r is not availab le a
two turn link each end of a two conductor flexible
cable can be used to cou ple the Vagi loading coils
10 a grid dipper fo r accurate tun ing.

The Vagi reflector and direct or must be tuned
to be twee n 5% and 6% lower and higher re
spec tive ly in frequency than the desired resonan t



frequency of the quad radiator. For example. if
the desired resonant frequency of the antenna
is 14.250 kc th e director wi ll be tu ned to 13.537
kc and the reflector to 14.962 kc . The an ten na
will not wo rk 100% unless these clements <Ire
correctly tuned lm the boons,

Quad Radiator Matching

W ith the di mensio ns given it was found that
the feed im pedence o f the q uad ra diator was
approx 38 oh ms. Our method of feed was to usc
a 70 ohm coax cable with a quarter wa ve m atch
ing sec tio n o f 50 o h m coa x at the a nte nna end .

•
The impeda nce tra nsfo rmation is thus :

Z~ = VZr. Z.,

where Zm = I m ped a nce of required ),,/4 section.
ZL = Im ped a nce of Ieod line.
Z" = I mpeda nce of a n tenna feed point.

Z m = V'72.38 ~ 52.5 ohms

The q ua r te r wave section of 11 '6" lo ng and
shou ld be well spliced and so ldered to the 70
o h m coax and waterproofed with plastic tape.

Terminal Block

A pla stic ca ble connec to r is used to connect
both the feed po ints o n the q uad rad iato r and
the coi l o n the q uad reflector. Th is connector is
a hand y device and it simplified the re placement
o f the coax feed as th e cable usua lly breaks.
d ue to flexing by the wi nd. a t the feed po in t.

Quad Reflector loading Coil

In order to obtai n the correct electrical length
of the quad reflec to r it is considered that a coil
is easier to handle and adjust than a stub as it
does not flap around in the wind.

The coi l is 7~ turns o f # 14 copper wi re 11.4"
in diameter. air wound. and is adj us ted by m eans
of sq ueezing the turns to ge ther.

Reme mber th e previous warn ing: the Q of the
q uad re fl ector is so h igh th at the proxim ity of a
hand is sufficient to detune it many kc. T his ele
ment should be roughly tuned for the maximum
front to back ratio by turni ng the an tenna back
o n to a fixed signal. Ad just the coil for m in imum
received signa l. Raise the q uad to its full heigh t
a nd check the F IB rat io . it should be in the
order o f 40 db. It wi ll pro bab ly be fou nd th a t
it is necessary to increase th e inductance of the

Fig . S-Ove ra ll view
and di me nsio ns of the
Yo g i -q uad. Th e '.4
wa ve matching stu b is
d e scribed in the text.
The q uod e lements
meas ure 17 ' 2" on all
sides. The coax Ieed.
line is supported by a
nylon line, to the
boom, to p revent sag.

- -72DCoo•
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coi l slightly as the extra height above ground
will lower the effective inductance.

A simple method of checking the accuracy of
the setting of all co ils is to tape a 6" length
o f fe rrite rod a nd brass rod about 3" apart on
the e nd of a lo ng pole. This enables th e coi ls to
be checked at a much greater height tha n can be
done o therwise. Insert ing the ferrite rod will in
crease the inducta nce and the brass rod will
decrease the ind uc ta nce a nd thereby indicate
which way the coi ls should be mo ved . Both the
ferrite a nd the brass rods should be co vered
wi th insulating mater ial to prevent shorting th e
turns o f the coils.

Resonant Frequency and S.W.R.

As no wa y has been fou nd by the writer to grid
d ip a q uad the method of checking the resonant
frequency is by means of an S.\ V.R. meter. With
homebrew meters m ake sure the meter will zero
o n a 70 o hm d um my load befo re starting to
test the antenna. Our S. \V.R. meter zeroed per
fectly on low power, 20 watts. but would not
zero o n full power.

Starting at 14 .000 kc take readings of the
S.W.R. at 50 kc points up to 14.350 kc a nd plo t
the S .W.R. agains t the frequency. It shou ld he
found tha t th e S.W.R. is lowest o n 14.250 kc and
sho u ld be not m ore than I to 1.0 7 at th is fre
quency. The S.\V.R. will rise rapidly each side of
the resonant frequency . If the indicated fre
quency is other than desired. the quad radia tor
can be shortened by bridging out o ne corner or
lengthened by adding a piece of wire in th e bot
tom sec tio n.

[Cominuctl nn page 92]

Photog raphs illustrating the use of plastic terminal
b loc ks fo r co n necting to the q uad reflecto r a nd d rive n

element.
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RTTY A-Z [f rolll page 29 ]

Up to this point in refe rring to the speed of
teletype machines. the autho r has talked in terms
of words per minute such as you would speak
of automobi le travel in miles per hou r. Like the
car, a teletype machine has a motor and gears
which have a bearing on the speed . In the case
of the teletype machine it is powered by a syn
chronous electric motor of fixed r.p.m . and the
speed of the te letype machines main shaft (called
the receiving sha ft) controlling the printing
mechanism is determined by the fixed gears con
necting the motor to th is shaft. Natu rally. the
C.C.I.T . speed of 66 .67 w.p.m. requ ires a con
siderably higher receiving shaft speed than does
the American Bell syste m speed of 6 1.33 w.p.m.

Fig . 6-To prevent boo m sag 0 2' length of V2" stee l
tub ing was weld to th e side of the boom mount. A 3"
%" d ia mete r is welded to the top of th e rod as a ho ok
to suppo rt the 'AI" str a nded steel cable . The te nsion IS

cdj csted with the turnb uckle .

Bracing

Due to the light mater ial used in the "boom"
a 3/ 16" stranded stee l cable brace was fitted as
shown in fig. The cable can be fastened at
each end of the boom with hose clamps. A 2'
long vertical post was fastened to the center of
the boom or mast. A light turnbuc kle provides
for ad justing the tension o f the cable . Nylon fi sh
ing line of 100 lb. weight is used to brace the
q uad spreade rs. The line is fastened to the ends
of the boom and tied to each sprea der at about
9' above the spider. This bracing really stiffens
the sp readers . •
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Differin g grou nd. mast. guys and proximity to
ot her buildi ngs can all cause cha nges in the reso
nant freque ncy of the system.

C hecki ng the front to back ra tio on transm is
sion should be carried out with a station at least
1.000 miles away as local checks are very apt to
be erroneous d ue to radiation from other an 
tennas and buildings. One local ham 7 miles away
measured our FI B ratio 12 db; two othe rs. one
in Hawaii and the ot her in Cal iforn ia both said
the FIB ratio was in excess of 40 db.

Pa inting

The spider and booms should be galvanized.
but if such treatment is not possible all steel
should be trea ted with a rust inh ibitor and painted
wit h two coats of zinc base prime r and two coat s
of silver fin ish. Carefu l preparat ion of all steel
work prior to pain ting will be well repaid by the
long rust free life of the work.

Why settle
for less
than the best?

for
CRANK -UP
TOWERS

He(lvy Dut y S.lf Supporting
C1nd Guyed in Heights of
37 - 54 f••, ISS)
71 - 88 f..1 (guyed )

•ROHN
sets the{ standard

St a nd ard Dut y Gu ye d in
Heights of 37 - 54 ·88 - 10 5
a nd 122 fe et

ROHN has these 6 IMPORTANT POINTS:
Eo,. of Operation- roller guides between sections assure
easy. sa fe. friction-free raising and lowering, Stren glh
weld ed t ub ular steel sections overlap 3 feet at maxi
mum height for extra sturdiness and strength. Unique
ROH N raising procedure ra ile, all ' . d ion, to gether- uni.
formly wit h an equal section overlap at ell heights!
Veuotil ity - designed to support the la rges t anten nae
..... it h complete safety and assurance a t on y height de' ired l
Simple Insta llotion- insta ll it yourself-cuse either lIat
base or special tilting base (illustrated above) depend.
ing on your needs. Rgted gnd re ' ted - ent ire line engt
neered so you can get exactly the right size and properly
ra ted tower for your antenna . T he ROliN line of towers
is comple'e. Zinc Golvonired- hot dipped galvanizing a
standard-not an extra-with all HOII N towers! Prices
star t at les.~ than $100.

•. -

P. O. Box 2000

K7ASK

TWO CATEGORIES TO CHOOSE FROM

" World's Largest EXCLUSIVE M anufacturer
of Tour rs: designers, engineers, and installers

of complete commu.nication tQu'er systems."

For f ur ther information . check number 30. on page 110
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SEND FOR ROHN TO WER HANDBO OK:
_$1. 2 5 Value :
-ONLY $100 postpaid ( spn:';al to readers ~

of thi s magazine} , Nearest ~

source of supply sent on request. HI'l're- : TIIlItI_
eentativee world -wide to serve you . \\ ri te : lilt - -
today to: ~ __

ROHN Manufacturing Co.


