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The Wide Spread Twin Five
E. MILES BROWN, W2PAU '

A high-gain 144-mc array suitable lor " fli p-lIop" mounting.

1 C. F . H adlock, " l lak lng the H lgber Prequeuctee
P ay oa," QS T . page 2!'i, J a n ua ry, HH9.

J P . Hert zler , " 16-Elemen t Arra y (or t he 1.... M('
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pushed our litt le six-clement beam up to the
dizzy height of sixty-fi ve feet on a shaky "A­
frame.OJ Constructing a sixteen o r thirty-two ele­
ment beam would also call for a financial in­
vestment in a new tower. Height is a lmost as
importan t as antenna power gain here in the fiat
lands of southern New J ersey. Theoret ically, field
strength at a distant receiving location is directly
proportiona l to the height of the transmitt ing
antenna above the average elevation of the ter­
rain over which the signal is propagated . There­
fore, unless one lives on a hi lltop, it is a pretty
good assum ption that doubling the an tenna height
above ground will a pproximately double the fi eld
strength at a d istant point. This co rresponds to
a four-times power gain, or a full S-unit im­
provement. Rather than throw away .the height­
gain by lowering our antenna below its ca refully
rigged sixty-five feet , we aimed at developing a
high -gain beam that would be reasonably small
and fairly light in ,..·eight. Second ly, we also
wanted to be able to flip this array from vertical
to horizontal polarization, and that gets to be
quite a problem with some stacked arrays.Th e antenna being " flopped" from vertical to horirontal

polariution. Th e assembly is moun ted on a " mobile"
support--on th e door hinges of ye 01' faithful Plymouth.
The feedline matching section and th e " flip-flop" ropes

are clearly visible.

•

IT li AS BE E N STAT ED that a simple dipole is a
pretty unsatisfactory v.h.£. and u.h.F. antenna."

\\'h ile this might be contested on some grounds,
the fact remains that any type of antenna that
affords some po\"'cr gain over a di pole will greatly
enhance the over-a ll sta tion performance. The
power ga in of an antenna is reciprocal and is
effective in both transmission and reception. This
is a m ply demonstrated by the fact that most, if
not all, of the outstanding work which has been
done to date on our higher frequencies has been
done with the a id of multi-element high-gain
antennas. Beams with sixteen clements are com­
monplace, while many sta tions ac tive on two
meters are using th irty-two or more elements.

Yours truly has viewed the rapid progress in
144·mc antenna development with considerable
consterna tion. There had been a time when our
litt le six-clement beam could hold its own. Lately,
the a mbit ious operators on this band had been
running rings around us with thei r monstrous
signal squirters, and something had to be done.

Located in a fairly settled suburban neighbor­
hood, com plete with TV antennas on almost
every house, we were naturally somewhat reluc­
tant to go all out on a 144-mc beam . T he size of
even a sixteen-element affair similar to the
\\'3H\VN design " would stand out sufficiently to
provoke an almost steady stream of TVI reports
-deserved o r otherwise. \ Ve had previously

• V.I/.F. Editor, CQ. Address correspondence
to: 88 Emerald A ve., II'es tmont, N . f.
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tween the two driven dipoles is increased, the
lobes of the figure eight pattern will begin to
sharpen up. Also, a pair of side lobes will be
formed. As we reach the point of full -wave spac­
ing, there is actua lly more power being radiated
in the side lobes than in the main figure eight
lobes. However, and th is is the interesting point,
the main lobes are very sharp-e-only about 28
degrees to the hal f power points. Figure 1 shows
the evolution of these patterns.

Now, for the time being, forget those two di­
poles and conside r the famous Yagi or parasitic
array. Many articles have been published show­
ing the possible fiel d patterns which may be de­
veloped with a sys tem of parasitic directors and
reflectors. ' Conservatively spea king, it takes the
mathematics of Einstein and the patience of
J ob to calculate the field pattern and gain of
one of these simple little gadgets. Rather than
attempt to figure the performance ou t on paper,
and being a lazy sort of fellow, we built up a
little five-elem ent Vagi using O.2-wavelength spac­
ing and "Handbook" dimensions. In spite of the
three directors and one reflector, the feed im­
pedance was not zero, or infinite, and, as a matter
of fact, it was a cinch to match to a 300-ohm
line. The field pattern looked like that shown in
Fig. 2.

\Vhen put on the air, th e Vagi seemed to work
o.k. over the whole two-meter band without
noticeable degradation of performance on the
high end of the band, despite the fact th at it
had been cut for 144.5 me. In short, there was
no doubt that the five-element pre-cut parasitic
array was a thoroughly practical antenna .*

It was apparent that the nearly ideal antenna
would combine the sha rp main lobe features of

A Ten-Element Beam is Born

After many ted ious hours spent plotting field
patterns, calculating the effect of directors, re­
flectors and screens at various spacings and con­
sidering the feedline 10 5<;1:5 and ma tching prob­
lems, we came up with a design which seems to
solve OUf part icular antenna problem quite nicely.

Here's how she looks in the yertical -polariution position.

,

Design Theory

Just in case this begins to look like a some­
thing-for-nothing proposition, let us touch bri efly
on the theory involved in the design of this an­
tenna. The field pattern of a dipole when viewed
along the axis is a circle. If we mount a second
dipole broadside to the fi rst, space them one-half
wave apart and feed them both in phase, the pat­
tern becomes a figure eight. H the spacing be-

-----

The specifications look something like this:
Gain 14 db, o r a power ga in

of 25 over a dipole.
Feed Impedance .300 ohms, balanced line

whi ch is fed a t the cen­
ter of th e array for ease
in fli pping over to change
polarizat ion.

Beam \Vidth .. . . Vertical Polarization­
26° to half-power point.
Horizontal Polarization
-44-0 to half-power
pomt.

Front-to-back
Ratio 10 to I voltage, or about

20 db.
Minor Lobe

R esponse . .. . . Less than 30% of the
main lobe (voltage) , o r
about 15 db below main
lobe.

Weight Less than 4 pounds.
Cost Around $3.00, not in­

cluding labor.
Mounting Single mounting point ,

adaptable to mechanical
flip-flop systems.
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Fig. 1c and the smooth un i-directional single lobe
pattern of the Yagi (Fig. 2). Thus, the idea of
using two five-element Vagi antennas at a spac­
ing of a full wavelength was born. The resultant
pattern is shown in Fig. 3. This pattern is for
vertical polarization. When the array is operated
to obtain horizontal polarization, th e broadside
stacking of the two Vagi antennas seems to have
a negligible effect on the sharpness of the forward
lobe, and the fiel d pattern is that of a single five­
element Vagi. This pattern is shown in Fig. 3 as
th e dashed line. All of these patterns have been
verified by measurements, using a 1/3.scale model
(420 me) in the labora tory and using the full­
scale array after it was erec ted in many on-the­
air tests with stations at various distances in sev­
eral d irections.

What Makes a Beam Beam?

Before someone asks why we are talking so
much about field patterns and so little about
"po.....er gain," it should be emphasized that these

•
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o'

FIELD PATTERN
tl>Element Double YOQI (Wide-Spaced)
Cal Vert ical Polarlzatiofl
(1))- - - Horizontal Polarization

Figure 3

two factors go hand-in-hand. A highly-direc­
tional antenna is a high-gain antenna, if .....e
neglect considera tions of the " power efficiency"
in the array itself. An analogy which illustra tes
the effect of high directivity is the old garden
hose parable. If you want to fill a can on the other
side of the yard with the garden hose, you would
use the sharpest "beam" tha t the hose can pro­
duce. Antennas work much the same \',:ay- you
can pour more po.....er into the other fellow's re­
ceiving antenna with a sharply directed beam
than you can with a fi ne spray, o r a broad cover­
age pattern. As for th e power effic iency of the
T win-Five beam, tests have shown that the losses
in the elements themselves are practically negligi­
ble when compared to the radiated power.

\\'e have both calculated and measured the
field pattern of the In-element dual Vagi with the
full-wavelength spacing, and we have done the

March, 1950
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Fig. .... The radiators and the feed wires. .

same with many popular type arrays. Both th eo­
ret ically and experimentally, the pattern of the
double Vagi is sharper than most 144-mc beams.
As a matter of fact, it may be laid inside the
pattern of the familiar 16-element beam.s The
obvious conclusion from the foregoing is that the
double-Vagi has more gain than the 16-element
job. We have calculated the gain to be 14 db, o r
a power ga in of 25 over a dipole.

It is quite easy to obtain very " optimistic" re­
sults from on-the-air tests. As an example, using
a Twin-Five at the QTH of W2EH, Collings­
wood, N. ]., a series of t ests were made with
\V3KBA, Dover, Pa ., at a distance of about 100
miles. Using the W2PAU signal on the same fre­
quency as a reference level, the double-Yagi
showed the surprising gain of two full Scunits
over the standard 6-e1ement beam formerly used
by W2EH. Since this fi-elemcnt affair reputedly
has a gain of 8 db over a dipole, it should follow
that the double-Vagi has a gain of 20 db over the
same dipole! In more pract ical terms, the new

. antenna made it possible for \V2EH to override
the signal from \V2PAU at the Dover, Pa., re­
ceiving location, whereas with the former antenna,
the two signals were approximately equal in
strength. Such an improvement is most obvious
in the presence of heavy Q R M!

Look, Maw, only one hand! There aren' t many 144· mc
.Irrays with a measured gain of around 14 db which Coin

be handled this way.

13



• •

,

...

inches
inches
inches

.4 7

S tub ond F~~d Li,,~.
mod~ of 300-ohm TV
R~c~ivi"g-TyfH T.. I,,·
L""

Stub

7"

I
I

I
10'

144 14' 14 6

FREQUENCY · Me.

/

Without ;'
7

Mot chin; //
Stub-...

C--'"
V '".

~"" i-- L- With
Motc .

S" ~I/

5.0

o
~« 4.0
«
w

; 3.0

~
z
o
~ 2.0
~
o

Bea m Pho,l~ Lines

Fig. 6. The details of the match ing system and a plot
of the volt l ge-stan din g-wave-ratio on 300-ohm twin ­

line with and without the matchinc stub.

Spacing between adjacent
elements 16 inches

Spacing between Yagis 81 inches
These dimensions .....ere chosen for optimum

performance near 145 megacycles. It is strongly
recommended that the element sizes and dimen­
sions be held fairly close to the values shown,
unless one is willing to experiment with tuning
and matching adjustments. However, a few gen­
eral suggestions might be offered as a guide to
those who would prefer to alter certain features
of th e design. If optimum performance is de­
sired for a frequency other than 145 megacycles,
a ll dimensions should be multi plied by a factor
equa l to the rat io between 145 megacycles and
the desi red frequency. If larger element diam­
eters arc to be used, the lengths of the elements
should be reduced approxima tely 2% for each
50% increase in element diameter. If a tubular

(C ontinued on page 66 )

one-hal l wave. T his system of feeding the beam
produces an impedance: at the central feed point
which is one-ha lf the: feed impedance of the: in­
dividual Yagi sect ions.

The critica l dimensions of the array are sum-
marized below:

Reflector length 40 Y2 inches
Radiator length 39 inches
Director lengths:

# I " 36)4
# 2 36
# 3 "" " .. 35~

ElKtrkioll', Knock
OU~1 Bushin9,.
Boom (Ill" I 12"
Aluminum Strop

Stri"~. lo hoId .~.,
Ie~l in V~ticol' Po­
lar izot ion posit ion
ond relieve sltoin
on hinQt boll,

Main Boom

"-- Pipe Floor­
FIot\9t

Pipe N;pfl lf'

"'po

•

.

•

Appro. imole IocOllOfl
f t he alan It Point

Top HCtion of I'II<lst ,
(Wood Of Metol ) =--1'

•

The actual mechanical design of this beam will
probably d epend largely on the tastes of the
builder. Of the severa l models which have been
built since we unveiled the basic design, no two
a re mechanically alike, although the performance
of a ll th e models is uniformly excellent. \Ve per­
sonally a rc partial to th e usc of a wooden element­
support frame, since it avoids the possibility of
noise caused by intermittent meta l-to-metal con­
tacts in the antenna assembly. It also simplifies
the problem of weatherproofing, since there are
no joints required between dissimilar metals.

For the parasitic clements, we used solid alumi­
num wire, 0.143 inches in diameter, sold in the
local hardware store under the name of "clothes­
line wire." Some conservative mechanica l en­
gineers might criticize this cho ice of material on
the basis of inadequate strength, but we have had
antennas constructed of this material up on our
mast for over three years with no signs of damage
due to wind, icc, or roosting birds! The material
is chea p, read ily available, has low wind resist­
ance, and, because of its small diameter, collects
very litt le ice. Its weight is practi cally negligible.

The driven elements are: folded dipoles, one
section of which is made of ~"-D. d . copper tub­
ing; the fed section is fonned of # 12 A" 'G
copper wire, ac tually an extension of the: open­
wire phasing line which connects the two Vagi
sections. Copper was chosen as the element ma­
terial in this case mainly because it is cas)' to
solder. The problem of establishing and main­
taining a permanent, ~ow-resistance contact be­
tween the copper feeder wires and aluminum ele­
ments was one which we wou ld rather avoid.

The general layout of the beam is shown by the
photographs. Figure 4a shoe..-s the radiators and
thei r feedl ines schematically. T he spacing of the
wires which form the dipole feeder section is not
cr itical, as a ha lf-wave section of line does not
act as an impedance transformer, and the dis.
ranee from the main feed point to either di pole is

Fig. 5. Suggested hinged mount in g for " fl ip-flop" oper­
ation.

14 CQ



may be

metal element-support boom is employed, the
element lengths should be increased by about ~
of the diameter of the metal mounting tube," In
o rder to achieve even approximately the same
feed impedance as was realized in the original
design, the ratio of conductor d iameters of the
folded dipoles should be preserved,

O ur wooden frame wa s made of 1" x 2"
selected red ceda r. and the two Vagi " boo ms"
were made of the same material . tapered to
1" x I " at the ends to cut down weight and wind
resistance, The clothes-wire clem ents were force ­
fi t into holes drilled into the wooden booms, and
were secured by the usc of wood screws as set
screws. The tips of these screws biting into the
aluminum wire insure that the wire cannot slip
out of place. The large-diameter conductors of
the folded radiato rs were attached to the outside
edges of the wooden boom by small metal cable
clam ps, which were screwed to the booms with
wood screws. T he small amount of mis-alignment
caused by mounting the dipole section o n the
side of the boom apparently produces no deleteri­
ous effec ts. A few coats of spar varnish over the
wooden frame will protect it against the ravages
of weather.

The main mounting plate (Fig. 5 )

THE TW IN FIVE
(f rom page H )

" 'hen the internal resistance of the me ter is
unknown, about the only way to arrive at a cor­
rect value of shunt resistance is to make a wild
guess at what the meter is and then place almost
any length of No. 30 wire across its terminals,
using the set-up shown in Fig, I . For instance, as­
sume a meter of unknown internal resistance is in
a ci rcuit (Fig. J) with a random length of wire
across the terminals for a shunt. ' ''ith the sta nd­
a rd mete r read ing full sca le, say 100 rna. the un­
known meter might read 6/ 1Oths of full sca le.
This would indica te that the unknown met er is
not ca rrying enough current ( the shunt is passing
too much current, in other words). Obviously.
the bett er way to a rrive at the co rrect value de­
sired is to have too high a resistance to sta rt with
so that the length of wire may be pruned until the
correc t value is obtained.

It would be beyond the scope of this art icle
to cover specifica lly even the most representative
cases of surplus me ters and their modification for
amateu r use. A little common sense, a consider­
able amount of care. and perhaps some reading
in the handbooks would enable the average
amateur to put these meters to good usc. By using
the principles outlined herein, you should be able
to have better meters on your transmitter and at
the same time save a dollar for the purchase of
some other needed part.
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Samp le sent for IO¢ in Stamps

REPUBLIC TELEV ISION INC.
DUMONT NEW JERSEY

26 Cuage Heavy Plated Bright Steel
Perforated: 75 No. 53 holes per/ inch
Ea sily cut. formed and solde red
Sheet 29" x 23"

construc ted of wood or metal. It can serve as a
mounting point for a bearing or fl ange. If " fl ip­
flop" opera tion is desired, a sturdy hinge may be
attached to this plate to provide a tilt-top mount­
ing at the mast head. It is possible to locate the
balance point of the beam assembly so that very
li ttle force is required to tilt the entire array
through ninety degrees, and it can be made to
rest stably in either position without the usc of
springs or counter-weights. The details of the
polarizat ion-changing mechanism will be left to
the individual choice of the builder. \ Ve have
seen everything from spring-return screen-door
hinges to elabo ra te motor-driven systems em­
ployed for this pu rptN:. At \ V2PAU we usc two
ropes which TU n .111 the w,ly up to the masthead
from th e fi rst-floo r opera ting position , and, de­
spite tilt' fact th at these ropes wind around the
mast guy system as th e bea m turns, we have
not experienced any trouble due to fouling, mainly
because the force required to tilt the beam is so
small.

The purist would probably prefer to use a
wooden mast. o r at least a wooden top section,
if vert ical polarization is to be extensively em­
ployed. Unless the feeders are supported out in
back of the beam structure and brough t down
away from th e mast until they are well below the
ends of the elements, th ere is nothing- to be
g-a ined through such a refi nement . \\'e have
checked the performance of one of these beams
mounted on a meta l mast. and the effec t of the
mast seems to be negligible. The wide spacing
between the Vagi sections pays a dividend in th is
case because the clement" are at least a one-half
wave from the verti cal run of feeders and from
the supporting mast; thus, the mutual coupling
between these members is less than in th e con­
ventional close-spaced configuration.

S for $6.002 for $3.00 Postpa id

ELIMINATE TV I
SHIELD YOUR RIG

DC "MILLIAMETER

$1.25 EACH
Thil accurate STE RLISG
D C Mill iamC'ter mea sures
from II 10 2 m illia m ps.
It', p ;lRd tvpe: made for
flush mounting . T ested
a nd uccurute. Measures
2 l inf hn squure. A rare
buv [or your Tilt. Price :
$1.25 Cit . 3 (or $3.50/
JOo/'Q Gash Wi th Orden

YMCA

Match in g the Array

The antenna was designed to be fed with 300­
ohm twin line. The model described above was
checked experimenta lly, and the stand ing wave
rat io was found to be a pproximately 2 to I at
the low-frequency end of the two-meter band.
The beam feed impedance was lower than de­
sired and measured about 120 oh ms, essentially
resist ive. Here we were faced with a problem.
Should we re-design the entire array in the hopes
that the next attempt would yield a feed imped­
ance closer to the desired goal , or should we
simply provide a match ing system to transform
the measured im pedance up to the correct value?
It was fi na lly decided that the basic design was
almost satisfactory for many a pplications without
change. For example, if 75-ohm coaxia l cable
were used with a " bazooka" type of ba lancing
device. the beam impedance was only a litt le
too high . If 50-ohm coaxial cable were used
with a " trombone" type of balancing transformer,
the beam impedance should be 200 ohms.s In
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sho rt, any effort expended to make t he design
specifically suita ble for the 300-ohm twi n line
would only serve to make it worse for the othe r
types of feeders.

Any of the common met hods of mat ching a
beam could have been used , but we decided to
use the single-stub matching system. By using a
stub of adjustable length, ta pped across the feed­
line a t an adjustab le d istance from the load,
pract ically any type of line ca n be matched to
any impedance load. Our stub was constructed
of the same type of 300-ohm twin line as was
used for the feeders. The adjustment which pro­
duced o ptimum results consisted of a ION shorted
stub connected acrosss the Icedline 22N from the
a ntenna feed point. T he sho rted end of th is stub
may be grounded if desi red, it can be tied to the
mast, o r attached to the beam structure at any
convenient poin t; thus, it does no t represen t a
\ 'e l")' formidable mechanical problem. This match­
ing syste m produced practica lly a perfect match
over the major part of the two-meter band.

Bandwidth Considerations

Parasitic arrays have generally had the bad
reputat ion of being acutely frequency-conscious.
\\'c were qu ite surprised to di scover that this
antenna , with the simple matching system de­
scribed above, showed very litt le change in feed
impedance over the entire lower th ree megacycles
of the two-met er band. As is shown by Fig. 6,
the v.s.w.r. was bett er than 1.5 to l over this
range. The obvious im pl ication is that the an­
tenna will accept full power and presumably
rad iate essentially all o f same at any frequency
within th is band. The only other consideration
which might affect the uti lity of the a rray over
a wide frequency band would be a degradation
of the field pattern as the frequency is shi fted.
In practice, very litt le change of the major fea­
tures of the field pattern can be noted, even at
the extremes of the band. Although the front-to­
back ra tio may change slightly as the frequency
is shifte d , the percentage of the total radiated
power tha t leaks out in und esired d irect ions is
still very small. In short, the specifi cation per­
formance of this array should be maintai ned
over the 10\\"('1" three megacycles of the band, and
a ni)' the most precise measuring techniques would
detect the d ropping-off of performance in the re­
main ing megacycle.

The Field Pattern
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A few words of explanation about the dircc­
tivity pattern of this array might be in order, as
we have heard several quest ions from users of the
design who wonder why the beam seems to re- COLD PLATED XTALS!
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cerver is t ur ned on. Also, the louder I have the
receiver volume. the bette r the car runs.

Things are going fine after I d iscover the kev to
the mys tery. excep t that as I got farther and
fa rther from town on my way to the ranch, the
noise level o n the receiver is getti n.'t lower and
lower, and t he car is ge tting to run no better
faster and fas ter . About one mile from home, the
car is spu ttering to a stop and th is t ime I can not
get it sta rted again .

Scratc hi is now in IIc pred ica ment. The o ld sun
is maki ng the ca r hot, Scratch i hot, and the pave­
me nt hotter. I a re not rel ish ing idea of walk ing
home, so I are p utting H on. Bra in in h igh gea r .
If the car runs when the receiver is tu rned o n with
high volume, and receive r not not putting out high
volume because t here is no igni tio n noise a rou nd ,
why not make ig ni tio n no ise in the car? Sounding
like peechy idea, so I qu ick-like t ake off the spark
plug suppressors. jump in the car, a nd step on the
sta rte r . H o t D iggedity, every thi ng working FB.

W ith motor ru n ning the spark p lugs a re making
noise like fury in the receiver, wh ich are mak ing
loud vo lume outpu ts so motor are runn ing. Scratchi
is now getting home in jigs t ime a nd soon exp la in­
ing master stroke of geni us to Brother Itchi. H e is
qu it e impressed with my a b ility, but he is wonder­
ing how come the car not working in the fi rst place.
So, he is t aking look at what mi ght be wrong ,

F irst thing Itchi is finding is a sho rt in regular
igni tion circuit. Next he find that the speaker leads
from the ten me ter receiver a re m ixed up with the
spark coil. It seems that when the receiver is on
the output voltage going to the speaker is also
into the spa rk coil, which a rc energizing spark
pl ugs and motor is cun ni ng. Scratchi like this
system so much that I ask Brother Itchi to Ir an" it
tha t way, but he say that he went to fix the car
proper ly.

After ge tti ng lead s straigh te ned o u t the car is
st ill nun compis me n t is. and I a rc about to give
Itch i big horsey laugh when he going to the g-as
ta nk. Yes, lion. Ed., yo u are guess ing it . No g-as.
Yo u r for bigger and be tter quarter-wave ver t ical
75 meter mobile antennas.

Respectively yours,
Jlashafisti S crotciu
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of power radiated in the minor lobes is small,
in the order of 10 or 15 percent of the total
power. However, expressed in terms of db, which
is the sca le usuall y used on receiver "S" meters,
each mi nor lobe is only down abou t 12 db or two
S-units. T he rea r and side.s of the beam are not
enti rely " dead;' but may have minor re."pooses
up to about 20 db below the main lobe. The
presence of such appreciable pickup in undesired
directions might make th is beam app('ar, at
first glance, to be infer ior to othe r popular ar­
rays, but, in evcry respec t except abi lity to
suppress QR~l, it can out-perfo rm any other
sim ple an tenna of co mpara ble size which we have
checked. It has filled a real need for us and for
m an}' o the r o f the I -l-l -me o perato rs who have
investigated its possibili t ies.
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