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Short Antennas for the Lower Frequencies

In Two Parts

Part I — Trap Construcfionrand Adjustment; Some Applications

BY YARDLEY BEERS, PH.D.* WAIF

Y[\HE WRITER hay used a wide assoriment of
companents for traps. However, experience has
heen limited to powers of [5) watts and less, and
certainly niany of his components would have been
unsatistactory it the legal limit of power had been
used. As inductors, coils fram war-surplus tuning
units, plate tank coils fram dismaniled homemade
trapsmitters, and Miniduciors have been used,
More recenily some coils wound with plastic-
covered bell or hookup wire an plastic pill bottles
have besn adequate under conditions where farge
currents are not expected — that is, for monoband
Toads ar traps with low £/C ratios..

tdeally, the capacitor should be the air- or
vacunm-dielectrie fvpe. However, such capacitors
are capensive and are too bulky to be used except
with base loading. For the most part, the writer has
used  prewar  mics  capacitors  with  1000- or
2000volt ratings and having screw terminals or
thick lug terminals. These have worked better than
reasonably could have been expected. A meodern
cetamic capacitor with a 0.000-voit rating and
wrew terminals has been most satistuctory, How-
vver, ceramic capacitors with pigtail leads, even
those with a 6000-volt rating, have heen un-
satisfuctory in that ax the transmitter key is held
down, the resonant frequency of the trap dritts out
of tune as the capacitor heats up. The reader
should be reminded that in this application the
voltage rating is of hitle direct inferest, The
important properties are diclectric losses and lead
losses when high vorrents flow. {n some cases it
may be Jdesirable to use a number of capacitors in
segies ar paraliel in order to improve the power-
dissipating capability.

Design and Experimental Checking
Procedure

As a starting point, it is convenient to employ &
rough ruie of thumb that the portion of the
anienna beiween the load and the end (Hy in big.
1, Part ) can be expected to have a capacitance of
about 2 pl* per foot - perhaps 1.9 for wire and
about 24 for one-inch tubing, For cenventiona
inductive foading of a short monoband dntenna,
choose 2 coil having an inductance which will
resonate the capacitance of this portion of the
aitenna at the desired operating frequency.

Far the tirst try in designing a frap, select 2
capacitor having five to ten times the capacitance
of Hy and choase an inductor whiich resonates with
the total capacitance (capacitor plus H ). Fortu-
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nately, inductances determined this wav wre likely
to be a little too large hecause additional indue-
tunce is coutributed by the lower portion, Hg. You
are then ready to start trimming

In the cuse of 4 trap which is not mechanically
ant integral parl of the antenna, the esonant
frequency should be vhecked in the shack with a
arid-dip meter, with an allowanee for the copuci-
funce of Hy. Otherwise, it is necessury to work
with the camplete antenna, Scveral procedures and
ditferent instruments may be used to arrive at the
desiced  results, However, the writer finds that
results ure obtained most rapidly by first locating
the center of the resonance, which is mainly
controlled by the trap, and for this operation a
grid-dip meter can be used as a signal generator to
drive & Wheatstone-bridge type stunding-wave e-
fector¥  (Standing-wave detectors of this tvpe
usnally  require lower input power than reflec-
tometer types.) Coupling s achieved by wrapping
two turns of insuluted wire around the middie of
the grid-dip meter coil and connecting the ends to
the input of the bridge,

It 15 not necessary to abtain a Large deflection
on the bridge meter; one or two divisions are
adequate, Set the bridee to indicate reflected
power and rotate the GDO dial until a sharp dip s
observed, indicating approximately the center of
the resanance. [f the frequency is far fram that
desired, preliminary adjustments to bring the re-
sopatee  eat to the desiced frequency can be

Y A bridge of this type is deseribed in the

AR L, Adntenna Book, Chapter 3, page 128 in
the Blevenih Kdition,

The term  ‘‘trap,” by long-
established  wusage, means a circuit
whose function is to act as an absorber
or decoupling device for an unwanted
frequency, and bas been used in this
sense (n comection with mnltiband
antennas operating on the principle
described in the A RR.L. Aptenna
Book, As used in this urticle the word
bas a much broader meantng - a
paratlel 1.C civcuit tuned so a5 to
provide a specitic needed value of
reactance for loading an inberently
nemresonrant anteiria,
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TABLEI
LOADING NETWORKS FOR 40-FOOT BASE-LOADED VERTICAL ANTENNA
Band | Fig. |Capacitance [nductor
iMiz) | No, fpk) Lin | No.of | Digmeter | Length | Wire Nores
Wi | Turns Tnches faches Size
SINGLE-BAN[)‘OPER ATION
2.0 3A [\ T 26 312 13/4 16 Close-wound.
tdec)
3.5 A U 17 22 138 112 13 Warsurplus
tuning eoil,
7.0 3B 0 Short Circuit
14 | 3E i 14 | il 2s/8 1 Y8 | 12 Coux tap 3
furns fram
ground end.
Ml 3D 15 1.4 8 11/4 7/8 16 Miniductor,
{APC Type) coax tap 2
turas from
ground end.
28 iB 0 Short Circuit SWR rather
high. Fig.
Inor Fig
3E should be
used i lower
SWR is desired.
TWO-BAND OPERATION (LOW-FREQUENCY TRAPS)
2-7 1 1000 4 9 212 1 16 Miniductor,
=] not fullyy
Hz =0 evaluated,
Other L/C
i ratios have
not been teied.
357101 500 2.5 11 138 11/8 18 War-surplus
Hy =0 coil,
3.5-7 1 FI00 0.7 & 578 11/2 16 Miniductor.
Ho =i} Location of
2 =0 leads very
critical .
Note: Inductance values of cofls determined from dimensions by use of ARRL lightning
Calculator,
Coils are space-wound except for 2-MHz coil, as noted.

carried out with no other kind of measurement.
However. when tesonance approaches the desiced
frequency it is necessary to be more carcful: Use a
frequency source of higher stability, observe both
forward and reflected power, and calculate the

16

SWR first just at one frequency at the nearest band
wilpe and then, finally, at various frequencies
throughout the bund, For this purpose the writer
uses 2 transmitter and, often, a reflectometer-type
detector instead of the bridge type,
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Unexpected spurious resonances, in addition to
the expected one, sometimes are observed. These
usuafly ocour at low frequencies, at which line
losses are rather low even with impedance mis-
matches, and at which the length of the trans-
mission [ine is close to 1/4 or 3/4 wavelength. They
result from having the transmission line act as a
funed feeder, and may be distinguished by con-
necting in an extra length (20 feet or more) of line;
if the dip in reflected power then occurs at a
sipnificantly different frequency the resonance isa
spurious ong,

The resonant frequency which has just been
discussed is the one which is more critically
dependent upon frap adjustment (f1 for a low-
frequency irap or fo for a high-frequency trap).
The SWR at the other frequency (fy for 2z
low-frequency trap or fy for a high-frequency trap)
next should be checked. In most cases it is likely to
be acceptable if the original antenna length is close
to the self-resonant length. If it is not acceptable, it
is necessary fo (1) readjust the length of one or
both sections, or (2) use a trap with a different
capacitance and therefore a different £/C ratio.
The writer has only changed the L/C ratio, in his
own experience, but the carlier remarks showld be
helpful in providing guidance as to whether the
second capacitance should be larger or smaller than
the previous one. Ultimately, by a succession of
readjustments the performance of the antenna can
be optimized at both frequencies. 1t the antenna is
close to self-resonance at one of the frequencies,
usually a second £/C ratio need not be tried, but if
the antenna is somewhat shorter and zuxiliary

loading must be emploved the adiustments are very

critical, #nd the process can become very tedious.

In principle, the whole adjustment procedure
can be accomplished with a transmitter having a
huilt-in refleciometer-tvpe standing-wave detector,
and in practice this may be done if the antenna is
initially resomant close to the desired frequencies.
However, in other cases such z procedure may be
undesirable. If the bandwidih of the antenna is
narrow and if the initial resonant frequency is far
from aoy which may be reached with the traps-
mitter, the SWR is very high and it is difficuit to
tell whether any readjustment is causing an im-
provement or not. And one cannot iell how many
MHz frequency shift is produced per turn removed
from a coil, and the trimming operation may
become unnecessarily tedious. Also, it may be
difffcult to recognize spurious resonances, If a
constant frequency is used the SWR should remain
constant (with lossless fransmission lines) when
extra line is added if the resonance is a desired one,
but should change if the resonance is spurious.
However, losses in the line wmay cause such a
procedure to be undefinitive, 10

The preceding discussion has been concerned
only with reactance adjusiments and has ignored
tesistance, although the change of LIC ratio un-
doubtedly affects the resistance wmatch. In cases
where circuits like Figs. 3D and 3F (see Part 1) —
or other schemecs like gamma matches which

10 The apparent SWR also can change with line
lengtlilhilf there is ¥f current on the outside of the
coax 2,

September 19?0

Sep 1970 QST - Copyright © 2015 American Radio Relay League, Inc. - All Rights Reserved

H=COlL ONLY
X=500 pF TRAP
e=1000 pF TRAP —=

20—-- \ / o
N b
i 3 ] /
1.0/ <
35 36 37 38 39 4o
FREQUENCY IN MHz

SwAR
5
.

Fig. 6 — Standing-wave ratio of 40-foot vertical
antenna as a function of the 4-MHz band fre-
guency with various types of loading. in this graph
and in Figs. 7 and 8, no correction has been made
for losses in the line, about 50 feet of RG-58/U.

provide for a transformation of resistance - are
used it is desirable still to find the resonant
frequency and adjust it to be the desired one as
described previously. Then proceed to adjust the
resistance transformation fo obtain an SWR close
to 1 to 1. In Figs. 3D and 3E this iz mainly
determined by the position of the tap to which the
line is connectad. It is likely, of course, that there
will be a small interaction with the resonant
frequency, and it may be necessary to make a
minor change in the position of the other tap,

Some Practical Applications

Most of the theoretical ideas which have been
described have been applied to a versatile vertical
antenna which, for the last seven years, has been
used with Tengths varying between 15 and 40 feet
and with both base and body loading. However, in
recent years operation has settled upon the use of
40 feet with base loading during the winter, and
upon 25 feet during the summer with a high-
frequency trap 10 feet above the ground for 7 and
14 MHz, plus auxiliary base loading for 4 MHz.

1n the summer, the guys that are required for
the 40-foot antenna pet in the way of gardening
activities, and at that time the lower frequencies
are wused only for local contacts; also, the 25-foot
antenna does not need guying, thus this shorter
length seems to be a better overall compromise.

The “Winter” 40-Foot Vertical Antenna

The top 16 feet of the “'winter” antenna isa
war-surplus tank whip antenna, which probably
could be replaced by an &-foot mobile whip joined
to a section of aluminum elecirical conduit. The
remainder of the anteana is composed of 1
1/4-inch diameter television mast sections. To
prevent intermiftent contacts when the wind
blows, it is necessary to put electrical jumpers,
consisting of strips of aluminum, held with hose
clamps, at the junctions of the mast sections.

The junction between the whip and the top
section of the mast is made as follows: Four
longitudinal cuts 8 inches long are made with a
hacksaw in the end of the mast, dividing it into
eight strips. Four alternate ones are removed, Two
concentric picces of plastic garden hose, about 1
foot long, ate slipped over the cnd of the whip, and
a small clamp is fastened to the whip just where it
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Fig. 7 — Standing-wave ratios of a 40-{oot vertical
antenna with various types of loading, and of a
25-foot vertical antenna as a function of frequency
in the 7-MHz band,

emerges from the plastic fubing to restrain it from
sliding in any further. The end of the whip is about
1 inch inside the tubing, The outside diameter of
the plastic tubing is slightly smaller than the inside
diameter of the TV mast. A hole is dritled an inch
or two below the ends of the strips and a machine
screw i3 put through this hole to keep the tubing
from sliding farther into the mast. When the upper
assembly is slid into the mast as far as it will go,
the dimensions ate such that the tubing extends an
inch or two above the ends of the strips, Then two
hose clamps are used to squeeze the ends of the
strips down tightly on the tubing. The total
cupacitance - capacitor and whip —~ i% about ®$
pt, and this assembly can aut as the capacitor of a
high-frequency frap, for use in the “‘summer”
antenna. With the “winter” anfenna the capacitor
is shorted out by a thin strip of aluminum, which is
held under the various clamps already present,

The anfenna is supported by 1 wood 2-by<4
which has been buried in the ground about 4 feet.
The antenna is held on the wood by U holts, No
insulation other than the wood is provided for the
mounting. Also mounted on the wood are some
insulated banana jacks in which base-loading net-
works and a ground terminal may be plugged.

Betore the wood was buried, a piece of metal
foil was tacked to the hottom, and a lead to it
forms part of the grounding system. In addition
there wre two b6-foot and four 33-fool radials
huried in the ground. The coax lead is also buried,
and might be considered as an additional radial.
These wires make irregular angles because of
itumerous obstructions — large rocks, flower beds,
and 2 neighbor’s fence,

To learn something about the effect of radiatls,
the writer carried ont an experiment with two
33-foot pieces of wize, At both 3.5 and 7 MIfz a
very small but definite change in SWR was oh-
served when one piece of wire was laid out and
connected as a radial in addition to the mast
ground and coax already in place. A second
approximately-equal change in the SWR was ob-
served when the second piece of wire was von-
nected as an additional radial. However, when the
two wires were connected in series to form a single
66-foot radial, there was no chanpe over that
caused by a single 33-foot piece. At 3.5 Mz this
last observation was rather surprising, since 66 feet
at this frequency is a quarter wavelength, and with
4 voltage antinode at the free end a voltage node

18
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should be expected at the point of connection; this
node could be expected to make a sgnificant
improvement in the effective ground. Instead, the
cxperiment seemed to strongly suggest that if is°
more important to have a large number of short
nonresoniant radials than a smaller number of
tesonant ones. 11

A larger number of loading arrangements have
been tried with this antenpa, and nearly all were
successfud, The principal ones used now aie shown
in Fahle |,

SWR curves for various kinds of Ioading are
shown in Fig. 6 for the 3.5-MHz band; in Fig. 7 for
7 Mz, Fig. 8 shows 14-MHz SWR curves for the
40-foot vertical antenna with base loading, the
25-foot vertical antenna with a high-frequency
trap, and the commercial three-element triband
heam used by the writer, 1t is to be noted that the
behavior at 3.5 MHz is in accordance with the
carlier discussion: The bandwidth with single-band
loading i much broader, and the bandwidth
decreases with increasing trap capacitance. With
the 40-foot antenna at 7 MHz, the SWR is lower
with either trap present than with a short circuit.
This result is to be expected, as 40 feet is longer
than a quarter wavelength, and a small amount of
capacitive reactance, as supplied by a suitable trap,
is required to bring it to resonance. Probably an
intermediate value of capacitance, gbout 750 pF,
would have given a still lower ratio. An experi-
mental trap using 200 pF gave a very poor SWR af
7 MHz. At 14 MHz it is to be observed that the
beamn has a2 much narrower bandwidth than either
vertical, undoubtedly due to the reaction of the
parasitic elements,

On the air, this antenna has been used to make
numerous East Coast contacts on 1.8-MHz cw. On
3.5 MHz, numerous fapanese, Hawaiian, and West
{ndian contacts have been made, and on 7 MHz,
numerous DX contacts have been made all over the
world, On 14 MHz, the antenna has sometimes
sivaled the 3-element beam, Indeed, at times there
is a diversity effect where for a short time one is
better, and then a few mimnutes later the other is
better, However, in the long run the beam seems to
be the better of the two. This antenna has not been
very well evaluated on 21 and 28 Mz, as only a
few contacts have been made.

The 25-Foot “Suminer” Vertical

In summer, the overall length is reduced to 25
feet by removing some of the 'I'V mast sections,
leaving a height of 10 feet to the point where the

i1 This is counsistent with the findings of
Brown, lewis and Epstein in a ¢lassic paéaer,
“Ground Systems as a Factor in Antenna Bffiv
ciency, “#roc. IRE, June 1927, the conclusions of
which "are summarized briefly in The 4.R.R.L.
ggﬁe_nm} Book, Chapter 2 (page 81 in the Eleventh
Edition).

It_is tn be remembered that a 33-foot piece of
wire is approximately one-guarter wavelength at 7
MHz only when the wire is in free space, When the
wire is on the surface of the gsround or buried in it
the wavelength is greatly fore-shortened, and 33
feet may correspond te a much larger number of
wavelengths,

When the length of the untenna H becomes
eompareble to a half wavelengih the effect of the
grounding system iz fikely io become very un-
importent, and the system may even be omitted
with little deterioration of performance,
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Fig. 8 — Standing-wave ratios of 40-foot vertical,
25-foot vertical, and commercial three-element
triband beam as functions of frequency in the
14-MHz band.

whip is mounted. An inductor is counected in
parailel with the capacitor incorporated between
the two sections of the antenna, Originally this was
a Miniductor, 1 1/4 inches in diameter with 16
turns per inch, and was intended to provide
monoband body loading, Ten turns were used for 7
MHz, 28 turns for 4MHz phone, and 35 for
3.5-MHz cw.

However, it was a nuisance to take the antenna
down to change the loading, and it became the
established practice to leave the tap set for 7 MHz
and achieve 3.5-MHz gperation by using an auxil-
iary loading coil at the base. For this purpose a
war-surplus coil having 26 tums of No, 18 spaced
to a fength 1 3/8 inch on a { 1/4-inch diametes
form {(about 14 g H) is used, Furthermore, it was
discovered that by pure accident the 10-furn tap
also gave an SWR minitnum at 14 MHz. In other
words, with this coil a two-band high-trequency
trap was obtained. More recently, since it has been
decided to obtain 3.5-MHz operation by use of
suxiliary loading, the Miniductor has been replaced
by a coil of 12 turns of No. 18 plasticcovered bell
wire close-wound on a 1 1/8-inch diameter pill
bottle. This is equivalent to the 10-turn tap, and
mechanically it is mose rugged.

Operation on28and 21 MHz may be achieved
by using the networks shown in Table I, but with
minor readjustment in some cases. Also, the traps
shown in Table I may be used, making the antenna
a three-band affair. At 28 MHz, a capacitance of 65
pF (Fig. 3C) shoutd be used.

On 3.5 MHz this antenna has been used only
for lacal contacts. On 7 MHz a number of fapanese
and Australian stations have been worked, and on
14 MHz a number of DX contacts ail over the
world have been made. Evaluation on 21 and 28
MHz is very scand, but on 21 MHz a number of
Bast Coast USA contacts have been made without
muech trouble,

Any comparison between the 40- and 25-foot
antennas must be subjective, and it is the author’s
opinion that while the 25-foot one is adeguate as a
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standby and for making local contacts, on DX it is
noticeably inferior.

This 25-foot antenna demonstrates the use of a
high-frequency trap as a device to produce a
capacitive reactance just compensating for the
upper 15 feet of the antenna, The whole 25 feet
are participating in producing the radiation.

Couclusion

The antennas which have been described have
not been completely evaluated on afl bands, and
the effects of moving the location of a trap have
not been investigated, Although not discussed
above, experiments with a 40-foot horizontal
dipole using a low-frequency trap pair, for twe-
band operation on 3.5 and 7 MHz, demonstrated
again the theory which has been outiined, How-
ever, in spite of such omissions the authos believes
that sufficient information has been given for the
reader to understand how trap loading works, and
to desipn and adjust antennas to suit his own
needs, [1

o New dApparatus

The VK3ASC

Spider-Quad Hub

HERE ISN'T much argumeni that a friband

quad antenna with optimum — spaced elements
is the best way {o go when building a cubical quad.
However, the clinkér in such a design is how to do
the job, and do it simply. it appears that VK3ASC
ftas come up with one answer to the problem — 4
well-designed hub for mounting the spiders so that
the quad elements can be proportionally spaced.

The unit shown 8 made from heavy cast
aluminum and can be mounted on a mast whose
diameter can be large as 1 3/4 inches. The take-off
angle for the spreaders is approximately 22
degrees, referenced against the plane of the mast.
This works out to a spacing of 10 feet, & inches on
20 meters, 7 feet on 15 meters, and 5 feel, 4 inches
ot 10 meters. The spreader support holes are
1-inch in diameter, 50 any bamboo or fiber glass
poles with that but! dimension can he used. Net
weight of the hub assembly is 4 pounds, 6 vunces,
and it measures 6 x 6 x 5 inches. Cost of the
complete unit & $16.00 (Australian funds),
.postpaid, to any point in the world. The hubs can
be ordered directly from Syd Clark, VK3ASC, 286
Bellevue Ave., Victoriz, 3084, Australia. — WIICP
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