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M y work on the "Long Circular Quad ,"
was a needed departure into endfire

antenna design which proved ring shaped
elements to be superior to discre te directors
in - the possibly obsolete - Vagi configura
tion. Extensive tests on a professional an
tenna range pro ved that.

Another, alt hough unpro ved departure
fro m the norm, was George A. H. Bonadio 's
Square / Diagonal Antenna, commonly
thought to be a diversity antenna, when in
reality it is quite similar to an '8J K multi
driven element collinear/ broadside array.

While these two antennas have nothing in
similarity ex cept their novelty, however, it
might interest the reader to know that
W4KAE spent many hours con temp lating
just the same arrange me nt tha t Mr. Bonadio
thought up, except he couldn ' t stand the
idea of using tuned lin es - so the project
was abandoned. I guess what I had in mind
was a point-source with gain. Anyway , after
reading W2WL R's article, I knew the prin
ciple of operation : Simply use 90 degree
physical and electrical phasing on each pair
o f 4 o r 8 wires; place them in the co rrect
plane for the desired radiation; and even
semivertical " diversity o peration ," can be
obtained . True diversity would requ ire more
than one set of antennas - not simp ly re
lays!
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These random thoughts and co nclusio ns
led W4KAE to test the " Quadrature Ap
proach" in practical form, without tuned
lines or relays. Being familiar with the
quadratu re phasing (90°) co ncept fo r
winding low-power octave bandw idth receiv
ing networks, I immediately began to wind
the co ils for the "Toroidal Quadrature An
te nna."

TQA T heory

Reiterating the phasing concept above :
The Square/Diagonal Antenna is basically no
more than a set of four wire s, arranged in
phase quadratu re . This means the re is ninety
electrical degrees between ea ch leg, and
preferably 90° physical /angular " spacing"
between each wire. T he length of the
ele men ts ca n be made from either one or
two electrical wavelengths, the cho ice de
pending mostly upon space and gain desired.
Optimum design standpoin t would utilize a
minimum physical wavelength of abou t 3/8
wavelengths-per-leg. This is doubled to be
3{4 wavelength because of criss-c rossed
quadrature connec tio ns to the transforming
coils - and the whole element fun ctions as a
full electrical wavelength - with the addi
tional "length" conta ined in the co ils . Oh
viously whenever a pa rticula r design is o p-

73 MAGAZ INE



,

50 OH M COA X

3/8 ~' 332 /FREO (IIIHr )

Fig. 1. TQA connec tions. The constant - 332 
includes shortening fac tors and quad-coil loading.

ti mized by cut-and-t ry coil wind and substi
tution, lo west swr readings are the crite rion
of p roper ope ra tio n, along with p roper
con tinuity tests.

Derivat ion o f eleme nt formu las is qui te
simp le - if yo u don 't ove rlook the ninety
degrees in the network ! Keep in mind also
tha t since each comp leme ntary two-wire
element fun ct ions as one full wavelength,
you mu st double the usu al sho rte ning facto r.
There is also 2 or 3 per cent co mpensat ion
presen t using 10% instead of 5%. We wo n't
go into that , howe ver.

Figure I sho ws the quadrature netwo rks
in use by W4 KAE. Briefly. to calcula te an
element length (eq ua l to two "legs") we take
984 minus 246. which leaves a new constant
of 738 . From this figu re. ten per cent is to
be taken off, o r about 74 from 738 , which
leaves 664. 664{F MHz . is fo r 3{4 physical
wavelength. Half of th is is 332FM Hz. for
each 3/8 wave length leg. This arith me tic is
for the o pt imu m or sma ll-space model. If
you want two to fo ur decibels (esti ma te d )
additiona l gain. use th e following method :

Tak e twice 984. o r 1968. Take twi ce 74
or 148 off, for double the 10% shortening
factor . Nex t , take o ff twice 246 from the
number 196 8, whi ch leaves 1476 . From
1476 subtract the shortening factor (14 8)•
found above. This leaves the fig ure 13 28 or
1328{F MHz wh ich is fo r two legs. Half of
this becomes 664/ F MHz which is exactly
double the 3/8 wavelength previously . It is
also a good check. I have no info rmation
about swr in th is design.

The TQA connec tions are made in Fig.
I . Observe that there is de co ntinui t y be-
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tween ele me nts No . 1.3 and No . 2.4 . Simi
larity to the W~WLR design can be seen
where the classical 90 degree ph asing, from
eleme n t to eleme nt. is obvious. Dashed-line
ell ipses are represen tat ive of the powde red
iro n Carbonyl SF cores,

Gain obta ined from th e TQA shou ld be
about the sa me as from W8JK 's two-sect ion
fla t-top, wh ich appears on page 15 I o f The
ARRL Antenna Buok , ninth edit io n, 1960 .
The spacing between each bay of endfire
eleme n ts is conve nient ly eliminated in our
version o f the Toroidal Quadrature Antenna,
Noti ng the con tinuity be t ween co mp le
mentary legs, it is only a short step to place
each wire at physical right angles with the
o ther, for overall corr ect phasor relatio n
ships, Str ing th e wh ole array into the same
ver tica l o r horizontal plan e and you've got
an improved q uadra tu re design. With two
arrays. in opposing planes, t hen you have
true diversity. not just semi-vertical polariza
tion! Here, a relay and switching networks
would be feasible .

Although I do not have facilities to
accurately chec k actua l gain read ings again st
a di pole, it sho uld be adeq ua te to figu re, by
rule of thumb. that 6 dBD is available for
the " o ptimum" design ; or 8 dBD for the
longer mod el. May be you could expect 10
dBD by combining both co llinear and broad-

Fig, 2. TQA receivin g coils. With wire of proper
size and leg length of about 15 ft , recep tion for
S WL an d WWV monitoring is sa tisfac tory , Fre
quency coverage from an oc tave below the n onnal
ized f requency to an oc tave above, is feasible.
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Fig. 4. The comp leted 6 meter Toroidal Quadra
lure An renee . Individual leg lengths r e abou t 6
2/3 It. Swr abcu l 2 to 1 with legs not equally
angular spaced. (Wh en first rested in my basement
Jab: swr was only l.S to 1. Drooping will imp rove
read ings.)

Practical Antenna Const ruction

Figure 3 sho ws an im proved 50 ~1ff z se t
of q uad ra tu rc co ils . Not e that t hey ane
sim ilar to a five port circ ula to r. having four
ou tp u t por ts in commo n wit h ea rth grou nd.
ba ck to t he antenna struc ture. when co nnec
ted . The input po rt do esn 't share the sa me
pha se o f any of the ou tpu t por ts with
gro und , so there is reasona bly good balance
without an ex te rnal balu n. It can be shown
that the balancing act ion fro m the worst two
o n any pair o f wires is +90/Ground Isolated/
-90 basis. Yo u can se e the t otal phase
difference is sti ll 180 degrees . but the
coaxia l cable " grou nd" is not the same as
earth ground .

Figure 4 shows an improved 50 MHz
array , as st rung up in W4KAE's att ic . The
cleme n ts are mounted in a ver tical p lane but
the reception or transmission is horizon tal,
as would be e xpec ted. T his anten na was
loaded by m y TX-62 on 6 meters giv ing an
swr o f 1.5 to I , in the basement labo ra to ry .
By making it " d roo p" like the dro oping
grou nd p lane (not illus tra ted ) the swr went
down to 1.3 to 1.0. A drooping TQA
hanging from a set of square su pports shou ld

Fig. 3. Th is shows the quadrature coils before
encapsulation. Two No. 5 7-1736 Permecor cores
are wound with No . 16 Beldsol wire, in a bifilar
fashion. This pa ir is for 6 meter sample, sen t to
Wayn e Green for test ing on that band.

side a rra ys. These conclusio ns are based
upon the reference cited above.

Figure 2(normally I'd have inclu ded this
photo in t he construc tio n sec tion, but it
exemplifies proper winding data , here)
shows my firs t toro dial co ils. This was for
gen eral coverage use, with receptio n comi ng
in on virtually all high frequency bands. and
particularly, WWV. My design used No . 24
wire, wound full y in bifilar manner o n the
toroid cores. This is a I : 1 design ratio .

It was a rainy day when this shot was
taken, so it is hard to see the input port
cab le co n nec tio n in the mid d le-lef t with a
cu t piece of RG-58/ U soldered o n. The wire
connectio ns have been bared to show cores
and the aluminum ground wire co nnect io ns.
The aluminum was swaged and wrapped to
the smaller wire ends and held together with
a pla stic rod , th rough the co res, and the
whole works dou sed in clear epoxy resin .
This receivin g de sign result ed in an te n na
reso nance at I I MH z; however there was
excellent pickup an o ctave higher at 22 MHz
and beyond. Lower-octave recep t io n down
to 5.5 MH z was quite good ! To the nearest
amateur band : 15 meters is recommended,
while reception o f WWV at 10 MHz shou ld
be "op timu rn."
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co n tem porary an tenna design. The LCQ : A
Yagi replacement at least for UHF; and the
TQA is a 40 or 80 meter quad or rotary
beam replacement. It can also be used on
160 - if y ou have the room.

It is my opinio n that the cubical quad
antenna, as already perfected , is ideal fo r use
on 10, 15 and 20 meters - also fo r 6 or 2
unless yo u wa nt broad angular coverage.
Then the TBA is still practical when wound
with good fe rrite cores. DXing o n 6 me ters is
st ill best accomplished using 11 elem en t
Vagi d esigns , I hear ; however I'll be glad to
recom mend my LCQ to home-brewe rs.

Although the 6 mete r design is fea tured
in this ar tic le , it is primarily an HF an ten na
rep laceme n t for ro ta ries wh en used N/S or
E/W in array. Wit h two mediu m height
alu mi n um masts we can st ring up a wire
element replacement for the Inverted Vee 
o r - it can be used as a 4 wire Vee that is
comp le te ly o mn idirec tional, wi th o n ly a
single se t o f co ils ! It will also work o n at
least o ne oc tave o f frequ encies , o n a recip ro
cal basis , o r two o cta ves in the receiving

mode.
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Fig. S. The TQA is ready to be shipped. The entire
an tenna and insulators are easily con ta ined in an
old shoe box. With alumin um ground wire
elements, th e weigh t was very Uttle .
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o u t-perfo rm a "H alo , Squ alo. or eve n l::$ i~

Wheels ," ' o n VHF .
Figu re 5 sho ws the TQA In pac kaged

fo rm read y 10 be se n t to th e ed ito rial
research depa rtment of 73 Magazine! T he
to ro idal coi ls a rc heavily po tted in silicon
rubber , with an overcoa ting layer of Valspar
No . 8880 glass plast ic resin . (This clear resin
is no good when in in tim a te cont ac t with
co ils, toroid cores or any dielectric usu.I In
the Valspar resin flat 1/8 in . cop per st rap is
secu re d, a fte r being soldere d. Then t he
molded net wo rk was taped to help secu re
mechanical stre ngth. Prio r to taping, t he
cop pe r stra p was silve r-solde re d to silver
pla te No. 10 ground wire .

Toroidal Core Materials

The to roidal phasing coils are made with
Permaco r Material No . 12, Ca rbonyl SF
powdered iro n mould ings. The stock number
is 57- 1736. They are available from Permo
cor Division of R adio Cores. 9540 S. Tulley
A ve., Oak Lawn, Illinois, o n a $ 10 .00
minimum o rder basis. It m ay be po ssible to
get several samples free , by writi ng on your
company letterhead.

Wi th the No. 57 · 1736, six meter net
works can be made by winding bifil a r two
length s of No . 16 enamel wire (Formvar
preferred ), covering all the core space pos
sible. For IOta 20 MHz, a fu ll bifilar
winding o f No . 24 enamelled wire is permis
sible, but the coils will only take 100W PEP
o r so . For 160 me ters and /or 80 mete rs,
Perma cor No. 57- 15 16 is a good cho ice since
it is co nsiderab ly larger.

If good VHF/UH F networks are desired I
mu st reco m me nd ferrite - no t powdered
iron - cores. Indiana General makes a very
h igh q uality core , size CF- I 1 I-Q3 which if
almost iden tical in size to the Permacor
57-1 736. I d o not know where these can be
o bta ined . In the m eantime X-7541 cores are
in u se at W4KAE (Pe rmacor Iron-9 ) - bu t I
am anxious to try th e Q3 material. For two
meters , with the CF- I I I size fe rrt tes. wire
size sh ould be No. 14 .

Conclusio n

At the o u tse t I me n tio ned the LeQ In

openi ng re marks about the TQ A. This is
because they are both new departures in

,




