Magnetic Radiators—Low
Profile Paired Verticals for HF

By Russesill E. Prack, KERP

Craak Rd
Brookshine, TX 77423

he antenna described in this article

consists of paired vertical radiavors

made from wire. The sysiem does
not require ground radials, nor does i
requise loading coils. The system provides
ample bandwidth and it is fed directly with
coaxial cable. It is an efficient radiating
systent which presents a very low profile.
Flectric Versus Magnstic Rudistors

Ordinary antenitas such ax dipotes and
verticals are clessified as efect-ic rodiators,
These antennas generate a very high E com-
ponent and a very low H componient in the
fields close in, tear the antenna. Boyer
shows that the B component creates ground
losses and that the H component is virte-
ally lossless.! Electric radiators exhibit a
relatively high voltage ai the antenna ends.

The mapoetic radiator generates a very
low E component apd a very high H com-
ponent close in to the antenna. Losses in
the ground and in nearby objects are thare-
fore mimimized. Megnetic radiators exhibit
2 low voliage at the antenna cods and a
relativedy high current fowing within. See
Fig 1. [n the case of the electric radiator,
Bayer shows that the radiation field, with
a fixed E/H ratio of 377 @, predominates
beyond 4 h from the antenng. [n the case
of the magnetic radiator, the predominance
of the radiatien freld occurs beyond E¥s h
lcom the antenoa. Magnetic radiators cad
therefors be efficient amsd desirable in many
applicatlons.

Laport classifies the U7 gnienna as a
magnetic radiator.? [n Fig 2, four U
aptennas are connecred rogether and evolve
into Drellinger’s "oqil acrial.” The coil i
rectangular in shape and, although made
from wite, is derived from Boyer's DDRR
doublel.

The four L) antennas Forming the rectan-
gular ¢oil are referred to as a multiple 17,
or simply MU. The four venical ends of
the rectangle are the prime radiators. The
horlzontel wires produce twa minor high-
angle Tobes. Note that (here are no loading
coils or radials used. The bottom borizon-
tal runs of the antenna are located abwvat
2 feet above ground.

The vertical ends of the antenina are 30
electrical degrees high. This is less than
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0.} », and indeed presents a low profile.
This transiates to abour 1£.5 feet for 40-m
pperation and about 21.5 feet for 80-m
operation. (Although the wites at the far
end cross st 2 small angle, these wires are
referred to as verfical.)

Fhe hodzontal rens are approximately
150 edectrical degrees Jong. This is about
$B.2 feet for A0-m operation and 109.2 feet
for 80-m operation. The total wire length
is approximately 2 h at the desired fre-
quency. The configuration of the wire in
the rectangular oot i such that the currents
in the tour vertical end wires are co-phased.
Both the magnitude and phase of these cur-
rents are virtually constant throaghout their
30* beight.

Radiation Partern

Fig 3 shows a plot of the radiation field
of a mosdel MU operating at 2i.4 MHz.
This plot, although made from crude
measurements, resembles the thepreticsl
free-space pauern for this type of antenna,
also shown in Fig 3.

The measurements were mace at sites
ranging in distance from ¢.8 to 1.5 miles
and located at 45° intervals around the
antepra, beginning in the suspected dives-
tion of the main Jobe. All measurements
were normalizad to | mile, The deep nudl
10 the southwest 15 possibly the result of a
nearby steel tower that i in this dircction
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Fig 3—Azimuih-patiem
plot of the 21-MHz MU
antennn. Zemo iy t]
reprasents norih.
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and directly in line with the MU made]. The
gmaller main lobe to the southesst is pos-
sibly the result of the mearurcment sites in
this ares being well below the anicona
horizon. The plans of the made} is oriented
northeast-southwest, Maximum radiation
is broadside, as it is from ordinary co-
phased verticals.

Design and Constroction
The following expressions were
developed for use in designing the MU
ARtenna.
L, = 1988/F
L, = RM¥
Ly = 415/F
5 = 1281
where
L, = 1otal wire length required, fi
L. = height of each vertical wire, fi
L, = length of each borizoncal wire, ft
5 = wire spacing, in.
f = center fraquency of operation, MHz
For examyle, for o cooter frequency of
1.8 Mz, the following values are obtainad
from the expressions above.
i, =321
L, = 216 fi
Ly = 109.2 ft, and

The length of the horizoatal runs, Ly,
will usually give resonance 2t a slightly
lower frequency such that the antenna cain
pe pruped to tesonance. The antenos
should be pruned by clipping fowr short
scgmenis, cqual io length, from the center
of each horizanisl run. Attempting to
prupe 1he anienoa at the food point will
requite the rerigging of the eight cormer
insulators (see Fig 7).

For elficient operation, tle aniemna
shoukt be made from no. 14 or larger wire,
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Since the aptenna is frequency sensitive (O
stretch in the borizeatal runs, stranded wire
i recommended. Good results have been
repotted when using ne. 12 copper-clad
steel.
Figs 4 and 5§ show some of the construc-
tion details of the wooden supports used
here for various ML anteanas, On the 40-m
model, it is recommended that the spacing
between the cross arms on each support be
made 14 [eer. This will permit veriical
rension to be applied ko the vertical wires,
For the same reason, 24-foot spacing is
recommended for the 80-m model.

If the bottom two horizontal runs are
placed within a few feet of ground tevel,

Fig 4—Typical wooden support. Satup and

takedown can ba sccomplished by ona

Elumn[umhnlpifpmlﬂa}, Uiss trentad
mbar. To dotarmine dimensions, see baxt.

these runs should be proteeted or adeduate-
Ly marked to prevent someone from falling
or becoming baroed. 1F the 80-m model is
nounsted with the bottom pear grovmd, Two
short supports bearing cross arms with
jnsulators on the tips should be veed Lo pre-
ventt the lower borizontal runs from sag-
ginsmmthcws.Thucmpporushuuld
bpe placed one-third of the distanre between
the end suppots.

Feoding the MU

At resopance, the 40-m MU presents a
measured input impedance of 113 + A.
different aneona heights above ground.)
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than L. [See taxt.)
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This toad is ideally matched to 50- coaxial
cable by % ) of 751 cable acting as 1 trans-
former. Since currents in the MU must be
held equal, top and bostom, the 75-9) cable
should be made into an RF choke by
winding it into a flaz coil about 12 inches
hdhmﬂn.msmﬂmthmbeupedur
strapped together,

TbeM-mMUmﬁmulmmumdinput
impedance of 150 + A0 at resonance (again,
subject to minor chaoge with antenns
height). This load is matched by using &
series segment of good 300- ribbon. Feed
the antenann with 50-8 coaxia? cable. Cut
the cable at a point 16.9 feet from the
antenns, At this point insert 5 6.56-foot
kength of 3000 ribbon in series with the
50-0 cable. This arrangement matches the
1301 3oad 1o any random bength of 50-0
feed line. (A velocity factor of 80% wes
assumed for both ribbon and cable. An
opereting frequency of 3,75 MHz was also
assumed.} The 16.9-foot scgment should be
woundiumaﬂatmﬂmfummnfchuk;.
a3 was done with the di.m MU. Additign-
ally, it is well to form a second RF choke
by winding another flat roil in a portion
of the 50-0 cable on the transmitter side of
the ribbon, right at the ribbog,

With the feed arrangements just
described, system bandwidth is about 4%
of the center frequency. This it approxi-
mately 280 ¥Hz on 40 m and [50 kHz on
B0 m. The term bandwidth as used here
refers 1o ihe frequencies between which the

SWR rises to z ratio of 21 on the 500
cahle feeding the system.

A “20-Degres” MU
Jo¢t Logan, WA4CPN, and Dr Tom
Mcl.ces, WFSL, both aircrafi pilots,
became interested in the low-profile per-
formacce of the MU antenna. Hence a de-
Ar&Egn for an 80-m **20** MU was made with
the vertical ends belng but 14.5-feet high.
Thus Joe, with Dac's sssistance, built the
first 14.5-foot MU for 80 m and erected it
near Joe's flight strip. The advantage of
low profile in this application is obvious.
On 3.75 MHz, Doc and Joe messyred
the input impedance of the {4.5-foot MU
tx be 110 + X, Hence, the 75 @ trans-
former match was ised_ Shortly thereafter
George McCulloch, WASWIP, built the
second! 14.5-Foot MU for 80-m operation.
For the fower profile 20° antenna, use
the following.
L, = 54.67/f
"‘[.h = 44233!'1‘
8 = 128/F

Operating Rezuits

With the 14.5-foot MU on 80 m, Joe
ronsistently receives good reperts from
Europe and Africa. George reports equally
#ood results ko Burope and to Aastralia via
icag path, O one test George reported that
upoa switching to a dipols antenna, neither
the Europesn nor the Australian via Jong
path was abde 10 hear him,
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From this location, using the 21.5-fopt
verticals on 80 m, good reporis are con-
sistently received from South Africa and
New Zealand, as well as from, other con-
tingpts. Using the 11,5-foo MU on 40 m.
& daily schedule was maintained for g
4-month period with Paul Stsin,
GENV/MM. Paul was aboard a cargo ves-
3¢l operating in the South Ailantic, the
Indimﬂmnandltha:EtsLOnES%
ufhedm.?aulupmtu:lthusimalsﬁmn
the MLl were 59 or more. Although the Mt
is Dol the best for local contacts, it has been
fuundtubeuuprisingiyeﬂ'miwasalam
haul, low profile, radiating sysiem.

Many thanks go to Dave Atkins, W6VX,
Joe Boyer, W6UYH, Bob Lewis, W2EBL,
and Poul Siein, GENY. They generously
dooaced their tme and talents 1o the
Project.
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