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Two New Multiband Trap

Dipoles

WEBNX details a new coax
trap design used in two
multiband antennas; one
covering 80, 40, 20, 15
and 10 meters, and the
other covering 80, 40, 17

and 12 meters.

By Al Buxion, WBNX
2225 Woodpark Rd
Akron, OH 44333

ver the last 60 ur 70 veuars,

amateurs have used many kinds

of multiband antennas to cover
the traditional HF bands. The availability
of the 30, 17 and 12-meter bands has ex-
panded our need for multiband antenna
coverage. A fortunate few have the space
and resources for multiband antennas like
rhombics or long Vs, but many hams have
employed inveried-L long wires or parallel
dipoles, (d-timers will recall the off-
center-ted Windom of the '30s—the first
version using a single-wire transmission
line, and the later design using two-wire
feed line. Over the years. random-length
dipoles with open-wire feeders and assoui-
ated tuners have been used successfully as
multiband antennas. The GSRV muitiband
antenna is a specialized example of this
approach.’

The log periodic arrav represents a Kind
of brute-force approach to the goal of
achieving coverage of multiple HF ham
bands. It seems inefficient becavse of the
large zups between onr relatively narrow
amateur HF bands,

Over the last few decades, two factors
have atfected the development of multi-
band antennas—the popularity of low-
impedance {usually 50-Q) coaxial feed
lines, und the appearance of untuned, 50-£2
solid-state amplifiers. The impedance of un
autenna is relatively low oniy at its funda-
mental frequency and at odd-order harmon-
ies. Afthough antenna tuners are often nec-
eSsdry to resonate an antenna system, the
quest for expanded multiband coverage
with simple antennas continues,

Atthe end of the 1930x, a different tech-
nologreal approach appeared in the form

'Notes appear on page 29..
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of resonant traps in antennas, The Mims
Signal Squirter is the grandfather of
modern day tribanders.” This article dis-
cusses in detail an innovative trap design
empioved in two multiband dipoles.

One WENX Trap Desigh—Two
Multiband Dipoles

Two different antennas are described
here. The first covers 80, 40, 20, 1S5 and
10 meters, and the second covers 80, 40,
17 and 12 meters. Each uses the same type
of WBNX trap—connected for different
modes of operation—and a pair of short
capacitive stubs to enhance coverage.
Both antennas were designed using my
“All About Trap Dipoles™ software paci-
age.’ The new WENX coaxial-cable traps
have two different modes: a high- and a
low-tmpedance mode, The inner-conduc-
tor windings and shield windings of the
traps are connected in series in the con-
ventional manner tor both modes. How-
ever, either the low- or high-impedance
point can be used as the trap’s output ter-
minal. For low-imapedance trap operation,
only the center conductor turns of the trap
windings are used. For high-impedance

operation, all turns are used, in the con-
ventional manner for o trap. The short
stubs on cach antenna are strategically
sized and located to permit more flexibil-
ity in adjusting the resonant frequencies
of the antenna.

Figure [ shows the configuration of the
80, 40, 20, [5 and [O-meter antenna. The
radiating eclements are made of #l4
stranded copper wire. The element [engths
are the wire span lengths in feet. These
lengths do not include the lengths of the
pigtails at the balun, traps and insulators.
The 32.3-foot-long inner 4-meter scg-
ments are measured from the evelet of the
input balun to the tension relief hole in the
trap coil form. The 4.4-foot segment length
is measured from the tension reliet hole in
the trap to the 6-foot stub. The 16.1-foot
outer-segment span s measured from the
stub to the cyelet of the end insulator. The
coaxial-cable traps are wound on PVC pipe
coil forms and use the low-impedance out-
put connection. The stubs are 6-foot lengths
of fs-inch stiffened aluminum or copper
rod hanging perpendicular to the radiating
elements. The first inch of their length is
hent 90 to permit attachment to the radiat-

4 geH 4 uH
16.1 4.9 m 323 23 4,97 16.1°
. R PPN 2 SN e & o o F
Feed
6 [ 1€ Point |¢ B
123 pF 123 pf

Figure 1—A WBNX multiband dipole for 80, 40, 20, 15 and 10 meters. The vaiues shown
{123 pF and 4 uH) for the coaxial-cable traps are for parallel resonance at 7.15 MHz.
The low-impedance output of each trap is used for this antenna.
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Figure 2—A WBNX multiband dipote for 80, 40, 17 and 12 meters, For this antenna, the
high-impedance output is used on each trap. The resonant frequency of the traps is

7.15 MHz.

ing elements by large-diameter copper
crimp connectors. Ordinary #14 wire may
be used for the stubs, but it has a tendency
to cur] up and may tangle unless weighed
down at the end. 1 recommend that you feed
the antenna with 75-Q coax cable using a
zood 1:1 balun,

This antenna may be thought of as a
modified W3DZZ antenna' (shown for
many years in various ARRL publications)
with the addition of capucitive stubs. The
length and location of the stub give the an-
tenna designer two extra degrees of free-
dom to place the resonant frequencies

Shield Tums
High=2¢
Quiput
Inner Turns
input Low—2
Cutput

Figure 3—Schematic for the WBNX
coaxial-cable trap. RG-59 Is wound on a
2%s-inch OD PVC pipe.

within the amateur bands. This additional
flexibility is particularly helpful to bring
the 15 and }0-meter resonant frequencies
to more desirable locations in these bands.
The actual |0-meter resonant frequency of
the W3DZZ antenna is somewhat above
30 MHz, pretty remote from the more de-
sirable low frequency end of 10 meters.
Figure 2 shows the configuration of the
80, 40, 17 and 12-meter antenna. Notice
that the capacitive stubs are attached im-
mediately outboard after the traps and are
6.5 feet long, 0.5 foot longer than those
used in the other antenna. The traps are the
same as those of the other antenna, but are
connected for the high-impedance output
mode. Since only four bands are covered
by this antenna, it is easier to fine tune it to
precisely the desired frequency on all
bands. The [2.4-foot tips can be pruned
to a particular 17-meter frequency with
little effect on the [ 2-meter frequency. The
stub fengths can be pruned to a particuiar
12-meter frequency with little effect on the
{7-meter frequency. Both such pruning ad-
justments slightly alter the 8(0-meter reso-
nant frequency. However, the bandwidths
of the antennas are so broad on 17 and
12 meters that little need for such pruning
exists. The 40-meter frequency is nearly in-
dependent of adjustments to the capacitive
stubs and outer radiating tip elements. Like

input

S

. Low—7Z
Output

| High—Z
Quiput

Figure 4—Construction details of the W8NX coaxial-cable trap.

the first antennas, this dipole is fed with a
75-C} balun and feed line.

Figure 3 shows the schematic diagram
of the traps. It explains the difterence be-
tween the low and high-impedance modes
of the traps. Notice that the high-imped-
ance terminal is the output configuration
nsed in most conventional trap applica-
tions. The low-impedance connection is
made across only the inner conductor turns,
corresponding Lo one-half of the total turns
of the trap. This mode steps the trap’s im-
pedance down to approximately one-fourth
of that of the high-impedance level. This is
what allows a single trap design to be used
for two different multiband antennas.

Figure 4 is a drawing of a cross-section
of the ¢oax trap shown through the long
axis of the trap. Notice that the traps are
conventional coaxial-cable traps, except
for the added low-impedance output termi-
nal, The traps are 84 close-spaced turns of
RG-39 (Belden 8241) on a 2%/x-inch-OD
PV pipe (schedule 40 pipe with a 2-inch
1D9 coil form. The forms are 4YYs inches
long. Trap resunant frequency is very sen-
sitive to the outer diameter of the coil form,
so check it carefully. Unfortunately. not all
PVC pipe is made with the same wall thick-
ness. The trap frequencies should be
checked with a dip meter and general-
coverage receiver and adjusted to within
30%Hz of the 7150 kHz resonant frequency
before installation. One inch is left over at
each end of the coil forms to allow for the
coax feed-through holes and holes for ten-
sion-relief attachment of the antenna radi-
ating elements to the traps. Be sure to seal
the ends of the trap coax cable with RTV
sealant to prevent moisture from entering
the coaxial cable.

Also, be sure that you connect the
32.3-foot wire element at the start of the
inner conductor winding of the trap. This
avoids detuning the antenna by the stray
capacitance of the coaxial-cable shield.
The trap output terminal (which has the
shield stray capacitance) should be at the
cuthoard side of the trap. Reversing the
input and output terminals of the trap will
lower the 40-meter frequency by approxi-
mately 50 kHz, but there will be negligible
effect on the other bands.

The title-page photos show a coaxial-
cable trap. Detajls of the trap installation
are shown in Figure 5. This drawing ap-
plies specifically to the 80, 40, 20, 15 and
10-meter antenna, which uses the low-
impedance trap connections. Notice the
lengths of the trap pigtails: 3 to 4 inches at
each terminal of the trap. If vou use a dif-
ferent arrangement, you must modify the
span lengths accordingly. All connections
can be made using crimp connectors rather
than by soldering. Access to the trap’s inte-
rior is artained more easily with a crimping
tool than with a soldering iron.

Antenna Patterns
The performance of both antennas has
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Figure 5—Additional construction details for the WBNX coaxial-cable trap.

been very satistactory. [ am currently using
the 80, 41, 17 and | 2-meter version because
it covers 17 and 12 meters. ([ have a
tribander tfor 20, 15 and 10 meters.; The
rudiation pattern on 17 meters is that of
3f2-wave dipole. On [ 2 meters, the pattern
ix that of a 5/2-wave dipole, At my location
in Akron, Ohio, the antenna runs essentially
gast and west, 1t is installed as an inverted
v, 40 feet high at the center, with a 120°
imcluded angle between the legs. Since the
stubs are very short. they radiate little
power and make only minor contributions
to the radiation patterns. The puttern has
tour major lobes on 17 meters, with maxima
to the northeast, southeast, southwest, and
northwest. These provide low-angle radia-
tion into Europe, Africa. South Pacifie,
Japun und Alaska. A narrow pair of minor
broadside lobes provides north and south
coverage into Central America, South
America and the polar regions.

There are tonr major lobes on |2 meters,

giving neurly end-fire radiation and good
low-angle east and west coverage. There
are alsa three pairs of very narrow, nearly
broadside. minor lobes on 12 meters, down
about 6 dB from the major end-fire lobes,
On 80 and 40 meters, the antenna lius the
usual figure-8 patterns of a half-wave-
length dipole, [ have some pattern distar-
tion aud input impedance eftects from alu-
minum siding on my house. Nevertheless,
DX ix easily workable on either of these
antennas using a 100-W transceiver, when
the high-frequency bands are open,

Both antennas function as electrical
half-wave dipoles on 80 and 40 meters with
1 tow SWR. They both tunction as odd-
harmonic current-fed dipoles on their other
operating frequencies. with higher. but still
acceptable, SWR. The presence of the stubs
can either raise or lower the input imped-
ance of the antenna rom those of the usual
third and {ifth harmonic dipoles. Aguin, [
recommend that 73-02, ruther than 50-€2.

feed line be used because of the generally
higher ioput impedances at the harmonic
uperating frequencies of the antennas.

The SWR curves of hoth antennas were
carefully measured. A 75 to 50-£ trans-
former from Palomar Engincers was in-
serted at the junction of the 754 coax feed
line and my 50-L2 SWR bridge. The trans-
former prevents an impedance discontinu-
ity, with attendant additional undesired line
reflections appearing at the 73 to 50-2
junction. 'The transformer is required tor
accurate SWR measurement itn 50-L2 SWR
bridge is used with a 73-42 line, No harm is
done to any equipment, however, if the
transformer is omitted, Most 50-§2 rigs
operate safisfuctorily with a 75-62 line, al-
though this requires different tuning and
Inad settings in the final output stage of the
rig or untenna tuner. | use the 75 to 50-Q
transformer only when making SWR mea-
surements and at Tow power levels, The
transformer is rated for [0 W, and when {
fun my 1-kW PEP linear ampiifier the
transformer is taken out of the line. (L hope
my absent-mindedness doesn’t catch up
with me some dayh

Figure 6 gives the SWR curves of the
%0. 40,20, 15 and [0-meter antenna, Mini-
mum SWRis nearly 1:1 on 80 meters, 1.5:1
on 40 meters, 1.6:1 on 20 meters, and 1.5:1
ot 10 meters. The minimum SWR is
slightty below 3:1 on 15 meters, On 13
neters, the stub capacitive reactance com-
bines with the inductive reactance of the
outer segment of the antenna to produce a
resonant rise that raises the antenna input
resistance to about 220 L2, higher thaa that
of the usual 3/2-wavelength dipole, An
antenna tuner may be required on this band
to keep a solid-state tinal output stage
happy under these load conditions.

Figure 7 shows the SWR curves of the
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Figure 6—Measured SWR curves for an 80, 40, 20, 15 and 13-
meter antenna; installed as an inverted-v with 40-ft apex and

120° included angie between legs.
28 N5

Figure 7—Measured SWR curves for an 80, 40, 17 and 12-meter
antenna, installed as an inverted-v with 40-ft apex and 120°

included angle between legs.
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82,40, 17 and 1 2-meter antenna, Notice the
excellent BO-meter performance with a
nearly unity minimum SWR in the middle
of the band. The performance approaches
that of a tull-size 80-meter wire dipole. The
short stubs and the very low inductance
traps shorten the antenna somewhat on
BO meters. Also. observe the good 17-meter
performance, with the SWR being only a
little above 2:1 across the hand.

But notice the 12-meter SWR curve of
this antenna, which shows 4;:1 SWR across
the band. The anfenna input resistance ap-
proaches 300 £ on this band because the
capacitive reactance of the stubs combines
with the inductive reactance of the outer
antenna segments to give resonant rises in
impedance. These are reflected back to the
input terminals, These stub-induced reso-
nant impedance rises are similar to those
on the other antenna on 15 meters, but are
even more pronounced.

Too much concern must not be given to
SWR on the feed line. Even if the SWR is
as high as 9:1, no destructively high volt-
ages will exist on the transmission line.
Recall that transmission-line voltages in-
crease as the square root of the SWR in the
ling. Thus, 1 kxW of RF power in 75-0 line
corresponds to 274 V line voltage fora 1:1
SWR. Razising the SWR to 9:1 merely
triples the maximum voltage that the line
must withstand to 822 V. This voltage is
well below the 3700-V rating of RG-11, or
the 1700-V rating of RG-59, the two most
popular 75-L2 coax lings. Voltage break-
down in the traps is also very unlikely. As
will be pointed out later, the operating
power levels of these antennas are limited
by RF power dissipation in the traps, not
trap voltage breakdown or feed-line SWR.

Trap Losses and Power Rating

Tuble 1 presents the results of trap Q
measurements and extrapolation by a two-
frequency method to higher frequencies
above resonance. I employad an old, but
recently calibrated, Boonton Q meter for
the measurements. Extrapolation to higher-
frequency bands assumes that trap resis-
tance losses rise with skin effect according
to the square root of frequeney, and that
trap dielectric losses rise directly with fre-
guency. Systematic measurement errors are
not increased by frequency extrapolation.
However, random measurement errors in-
crease in magnitude with upward frequency
extrapolation. Results are believed to be
accurate within 4% on 80 and 40 meters,
but only within 10 to 15% at 10 meters.
Trap Q is shown at both the high- and low-
impedance trap terminals, The () at the [ow-
impadance output terminals is 15 to 20%
tower than the Q at the high-impedance
output terminals.

Icomputer-analyzed trap losses for both
antennas in free space. Antenna-input
resistances at resonance were {irst calcu-
lated, assuming lossless, infinite-(} traps.
They were again calculated using the Q

Table 1

Trap Q

Frequency (MHz)} 3.8 7.15 1418 18.1 21.3 24.9 £8.6
High Z out (€1) 1 124 139 165 73 179 186
Low Z out (£2) 23 103 125 137 44 142 155
Table 2A

Trap Loss Analysis: 80, 40, 20, 15, 10-Meter Antenna

Frequency {MHz) 3.8 715 1418 213 28.6
Radiation Efficiency (%) 96.4 70.8 99.4 99.9 100.0

Trap losses (dB) -0.16 -~1.5 ~0.02  -0.01 -0.003

Table 2B

Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna
Frequency {MHz} 3.8 7.15

Radiation Efficiency (%) 89.5 0.5

Trap losses (dB) ~0.5 ~0.4

18.1 24.8
99.3 98.8
-0.03 -0.008

values shown in Table {. The radiation ef-
ficiencies were also converted into equiva-
lent trap losses in decibels. Table 2A sum-
marizes the trap loss analysis for the 80, 40,
20, 15 and 10-meter antenna and Table 2B
for the
80, 40,17 and 12-meter antenna.

The loss analysis shows radiation effi-
ciencies of 90% or more for both antennas
on all bands except for the 80, 40, 20, 15
and 10-meter anteana when used on
40 meters, Here, the radiation efficiency
falls to 70.8%. A I-k'W power level at 90%
radiation efficiency corresponds to 50-W
dissipation per trap. In my experience, this
is the trap’s survival limit for extendad
key-down operation, 35B power levels of
[ kW PEP would dissipate 25 W or less in
each trap. This is well within the dissipa-
tion capability of the traps.

When the 80, 40, 20, 15 and 10-meter
antenna is operated on 40 meters, the radia-
tion efficiency of 70.8% corresponds to
a dissipation of 146 W in each trap when
1 kW is delivered to the antenna. This is
sure to burn out the traps—even if sustainad
for only a short time. Thus, the power
should be limited to less than 300 W when
this antenna is operated on 40 meters under
prolonged key-down conditions. A 50%
CW duty cyele would correspond to &
600-W power limit for normal 40-meter
CW operation, Likewise, a 50% duty cycle
for 40-meter S8B corresponds to a 600-W
PEP power limit for the antenna,

I Xnow of no analysis where the bursn-
out wattage rating of traps has been rigor-
ously determined, Operating experience
seems to be the best way to determine trap
burn-ocut ratings. In my own experience
with these antennas, ['ve had no traps burn
out, even though 1 operated the 80, 40, 20,
15 and 10-meter antenna on the critical

4(-meter band using my AL-B0A linear
amplifier at the 600-W PEP output level,
[ have, however., made no continuocus,
key-down, C'W operating tests at full
power purposely trying to destroy the
traps!

Summary

Some hams may suggest using a dif-
ferent type of coaxial cable for the traps.
The de resistance of 4().7 {2 per 1000 feet of
RG-59 coax seems rather high. However,
I've found no coax other than RG-59 that
has the necessary inductance-to-capaci-
tance ratio to create the trap characteristic
reactance required for the 80, 40, 20, 15
and 10-meter antenna. Conventional traps
with wide-spaced, open-air inductors and
appropriate fixed-vaiue capacitors could be
substituted for the coax traps, but the con-
venience, weatherproof configuration and
ease of fabrication of coaxial-cable traps is
hard to beat,

Notes

'L, Varney, “The GSRV Multiband Antenna...
Up-to-Date,” The ARRL Antanna Compan-
dium, Vol.1, p 88,

2\, Mims, “The Mims Signal Squirter,” QST.
Dec 1939, p 12.

Available from Al Buxion, WBNX, PO Box
174, Columbus, OH 43216; Price: $24.95

lus §5 for shipping. Specify 3.5 or 5.25-inch

loppy disk.
4 “Five Band Antenna,” The ARRL Anfsnna
Book, 16th Edition, pp 7-10 to 7-11.

Al Buxton is ne stranger to the pages of QST. He
was first licensed in 1937 as W7GLC, und has
had a distinguished career in both industry and
academia, Now retired, Al is active in Amateur
Radio and computer appiication studies in an-
tenna development. This article continnes o
series on transmission tines, antenna traps amd
trap-dipole antennas, 057D

August 1994 29



