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You often hear references to antenna
resonance, but with a lack of indication
that the resonant frequency ever was ad-
justed or measured. Perhaps it is a good
thing, for it might lead to confused think-
ing about the problem.

resistive mismaich

Take a very simple example-——a half-
wavelength antenna fed directly with 50-
ohm RG-213/U coaxial cable (or 52-ohm
RG-8A). The antenna is presumed to pre-
sent a resistive load of about 72 ohms to
the line or Rg = 72 + jO. The 50-ohm
line needs a load of R, = 50 -+ jO, but
it is not getting it. The result, 72/50, is a
standing-wave ratio of 1.44:1.

The amateur, it is presumed, doesn’t
actually know that his antenna is at reson-
ance, and doesn’t like the resulting swr,
so he proceeds to run a curve of changing
swr with frequency. Somewhere, at a
nearby frequency, the swr bottoms out to
a minimum that satisfies him, so he trims
the antenna length to put this minimum
swr at the desired frequency. Then, he
claims that the system is “resonant.” Why?

Had the line been a 72-ohm coaxial
cable, the antenna load resistance
Rg = 72 + jO would equal the character-
istic impedance of the line, Z,, and every-
body would be happy. The original an-
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tenna would still be resonant, and the
line would be “flat.” That is, regardless
of points along the line, or its length, the
swr would be 1:1, it would load the
transmitter well, and putting in a little
more coaxial cable would not change
anything.

The original antenna length, fed with
the 50-ohm coaxial cable, would worry
this chap because of the 1.44:1 swr. He
might even add coaxial cable to improve
the loading at some new cable [ength.
What he really needs is something to
transform 72 ohms at the middle of the
antenna to the 50-ohm characteristic im-
pedance of the line. With the transforma-
tion the swr at the sending end of the line
would be 1:1, and again it would load
well.  This transformation could have
been done in one of several ways, includ-
ing a transforming bridge balun!, tapping
the line slightly up on a grounded (or
ground-plane) vertical, with a stub, with
an LC matching network, or with a quar-
ter-wave transmission-line transformer.

finding resonance

How do you determine the resonant fre-
quency of an antenna if the swr dip does
not give it? One quad manufacturer says
to insert a one-turn coil in the antenna
and grid-dip it; but this may move the
resonant frequency down a hundred kHz
or more. The grid-dip frequency must be
checked accurately, such as with a cali-
brated receiver. And it must be done so
the grid-dipper doesn’t come too close to
the antenna, because that can lower the
frequency too.

There are other ways. One is to feed
the antenna when it is a continuous di-
pole, or a grounded vertical, and deter-
mine that the currents on both sides of
a feed line are identical. A way to do this
is to put two rf ammeters in a loop of
wire, couple it inductively to an rf source
to check meter calibration, and jumper
this loop of wire, stretched out with the
ammeters in the middle, across part of
the antenna with the feedline connected
between the meters (fig. 1). The fre-
quency that produces identical current in
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both meters is the resonant frequency.

This method works when the antenna
is folded in the middle to produce a tun-
ing or matching stub, as shown in fig. 2.
However, it is also satisfactory to make a
pick-up loop of several small turns of in-
sulated wire, with ends about a foot long,
and jumper this across two feet of the an-
tenna. Then a grid-dip oscillator can be
coupled to the small coil without it being
in series with the antenna. The result is
much more accurate. It works on quads,
too.

reactive loads

You may have a resonant antenna with
a load impedance (resistive) that is not
equal to the characteristic impedance of
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fig. 1. Determining resonance with rf ammeters.
When the current through each ammeter in A is the
same, the antenna is resonant. In B, the ammeters
are placed in series to check that both instruments
read the same.

the feedline. This results in standing
waves although the line will present a re-
sistive load to the transmitter when it is
any multiple of an electrical half wave-
length long. This load will be that of the
antenna, which may or may not make the
transmitter happy.

At any intervening length of feedline
the actual impedance will be complex—
that is, it will have a resistive and a reac-
tive component. Some lengths of line may
produce a combination of resistance and
reactance that the transmitter cannot load
because of matching network limitations.
In this case, you can live with the high
swr by adding sections of coaxial line un-
til a length is reached that provides a more
satisfactory load to the transmitter. The
actual swr, however, remains the same.



Another solution is to add a series or
parallel capacitor or inductor to the line
to cancel the reactance.

When my Henry 2K is used on the
wrong end of the 80-meter band, the tun-
ing and loading controls no longer are
where they were when feeding a dummy
load; the tuning control is at maximum,
and the loading contro! alone is adjusted
for a plate-current dip, allowing no con-
trol over loading. As coaxial cable is
added to the line the loading improves
and the controls on the amplifier move
toward the setting when feeding the dummy
load.

bandwidth

If a dipole is used over a 12 to 14 per-
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more with a 1.5:1 swr.

In the case of the inverted-V antenna,
fortuitous height and apex angle may
cause the antenna to present a 50-chm
load at resonance. Some increase in band-
width may result as compared with a hor-
izontal dipole in the absence of matching
or broad-banding. Broadband impedance-
transforming bridge baluns have been de-
veloped! for use when the antenna imped-
ance at resonance does not match the
transmission line properly. However, solu-
tions by step tuning or by true broad-
banding continue to be required, particu-
larly for those whose antenna facilities
are limited. Many of us need an antenna
that covers 40 meters and both ends of
80 meters. We now have simple solutions

ANTENNA

fig. 2. Determining antenna reso-
nance with series 1f ammeters in a
matching stub, A, and with a grid- 01
dip oscillator, B.
?

cent bandwidth in the 80-meter amateur
band there are problems due to the
change in complex antenna impedance
presented to the feedline as the frequency
is moved from one end of the band to the
other. When the antenna itself is mis-
tuned in order to terminate the line with
a suitable amount of reactance to mini-
mize the swr it may operate at a point on
its reactance curve where small changes
in frequency create large changes in re-
actance. This results in a narrowing of
bandwidth, which might be defined as
the bandwidth for an acceptable swr. A
result of this condition was the develop-
ment of in-band rf traps,2 the use of coil
switching at the antenna3 end clip-on
wires, and other means of enabling the
antenna to be used over the entire 80-
meter band. One approach* used series
capacitors, a stub of fanned-out wires to
create a real 10 percent bandwidth or

for the 40-meter band and for spot fre-
quencies of 3525 and 3825 kHz more or
less, using the in-band traps or dual 80-
meter wires, but we must develop a more
general approach.

With the current 5-band DXCC interest
in 80 meters, better solutions are needed.
Frequently, one is caught with the end
loading wires clipped on or off, present-
ing a 15-to-1 swr or worse at the necessary
operating frequency. The system can be
loaded with a suitable matchbox, or addi-
tion of coaxial cable, or lumped react-
ance, but there are added losses with such
a high swr.

stub matching

Before leaving the general comments,
let's take a quick look at some of the sim-
ple theory of stub matching. If an antenna
is resonant and presents a satisfactory re-
sistive load equal to the characteristic im-
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pedance of the line, there is no problem.
However, if the length of the antenna (or
frequency) is changed it becomes reac-
tive. If this length is selected to bring the
resistive component of the complex im-
pedance of the antenna, Zp = R+ jX
to a point where the R is equal to
the characteristic impedance of the trans-
mission line, Z, a reactance (equal and
opposite to the antenna’s reactance)
placed across the line will result in a
match. The necessary reactance can be a
stub, Usually a shorted stub is preferred.
If you know the R+ jX at the center of
the antenna® the stub length that can pro-
vide the cancelling —jX, can be calcu-

lated, read from a graph, or obtained
from the Smith chart.
Let's look at the situation in another

light; fig. 3 shows a quarter-wavelength
stub with a line attached at a point that
gives a proper termination to the trans-
mission line. The impedance of the
shorted stub in one direction from the
transmission line tap, a, is equal to that
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fig. 3. Line matched to stub; the reactance of
the shorted section (A) at the line taps equals
the reactance of the open section (B).

of the open stub in the other direction, b.
The current flowing in one wire of the
stub will be equal just below the line tap,
and just above the line tap, when the stub
is resonant, The open part of the stub can
be bent out to form a dipole antenna, with
the feedline conveniently located at the
bend. This form of stub may shorten the
dipole.

On the other hand, if you have an arbi-
trary length dipole and wish to feed it you
may back down the line to the one or two
points, a in fig. 4, in the first half-wave-
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length toward the transmitter which has a
resistive component (in R+ jX} equal
to the characteristic impedance of the line.
At that point, attach a stub, b, which has
an equal and opposite —jX reactance,
thus cancelling the reactance and match-
ing the line with the resistive load from
that point back to the transmitter.

smith chart

The Smith chart™ is a useful tool. A
circie on it, centered on the center of the
chart, is an swr circle for a lossless line.
Points around this circle, which covers a
half wavelength, gave the resistive and re-
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fig. 4. Method of stub-matching a tive an-
tenna. All lines can be coaxial cable.

active components of the complex im-
pedance along the transmission line.

In reverse, any value R+ jX complex
impedance can be plotted on the chart,
such as the changing resistance and react-
ance as some circuit is fed at different fre-
quencies. When these impedance points
are connected together with a line it will
be seen what range of frequencies falls
within an acceptable swr. The Smith
chart also facilitates adding reactances in
order to bring some part—or a greater
part—of the connected points within the
acceptable swr circle, by moving a plot-
ted point along a resistance curve by the
amount of the added reactance.8

So far we have dealt with
impedance and reactance.
problems are more* readily solved in the
reciprocals (these values divided into 1)

resistance,
Sometimes



called conductance, admittance and sus-
ceptance. Whichever form is used, it is
sometimes convenient to divide R+ jX
by the characteristic impedance of the
line, use the result in chart work or cal-
culations, and then multiply again by the
line’s Z, to obtain the actual values of
R 4+ jX. This process is called “normaliz-
ing.” One advantage of normalizing is
that the value applies equally to lines of
different Z, without replotting. Smith
charts are available with a npormalized 1
at the center for normalized data, and
others are available with 50 at the center
for direct use with 50-chm systems.

about four turns were added; for 80-
meter cw, about 9 turns were added.

An swr bridge showed something like
1.5:1 but there was no transmission line
to have a standing wave. This actually
was a measurement between the normal
52-ohm termination in the swr bridge,
and the actual resistive load presented
by the antenna. At any rate, the Heathkit
$B200 and Henry 2K both fed the anten-
na easily, which was only 15 feet above
ground at its midpoint. Nevertheless, cw
and ssb contest contacts were made into
far South America, Malaysia, Singapore,
and the like on 80 meters.

fig. 5. Trapped inverted-V with clip-on ends. Coaxial

simple two-band antenna

When | was becoming more active in
amateur radio after retirement, 1 didn't
appreciate that the problem of coax-fed
antennas for the lower bands might be
difficult. With some memory of a chap
named Marconi, and disregard for the
200-ohm resistance between rods driven
in the ground ten feet apart, | put up an
L antenna which was resonant at 5/4
wavelengths to the 40-meter trap, and at
3/4 wavelengths on 80 meters to the far
insulator. The antenna was led to the
transmitter output terminal with no coax-
ial cable at all, and no matching or
coupling device. The wire was trimmed
for the high end of both bands. Then, to
move it to the low end of both bands,
about ten turns of two-inch Air-Dux coil
were mounted on the wall, and provided
with a shorting clip. For 40-meter cw,

liable than alligator clips.

s are more

The main problem was the necessity to
put 16 bypass capacitors and one rf choke
in the electronic keyer, and to use RG-
58/U cable instead of shielded audio
cable to the exciter key jack to prevent
rf from interfering with the keying. The
antenna system was so simple, really, that
it was a pity that use of the land was pre-
vented by a building program. With the
local decomposed granite soil, and pave-
ment over almost all of the ground, all
proposals that | use a vertical antenna
and a radical ground were quickly re-
jected without a fair test.

two-band dipole types

The common two-band inverted-V or
dipole is the trapped wire, fig. 5. This an-
tenna may have considerable interlocking
tuning between the sections. Furthermore,
if any dead-end wire is twisted back
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around itself, thus providing more wire
if needed, it may load that section of the
antenna unless it is shorted to the active
wire by soldering or clamping with a
Kearny clip. Even a loose fold-back may
change the tuning by acting like a “fat”
wire.

Another version is the use of two wires,
each being a dipole for one of the bands;
these wires can be at different angles, or
spaced by dowel-rod spreaders, using a
single support at each end, as in fig. 6.

These antennas may provide adequate
coverage of the 40-meter band, but the

fig. 6. Two-wire, two-band inverted-V with clip-on ends.

width of the 80-meter band may be too
much for them unless there is excessive
loss in the line or balun. Line losses can
be compared with those existing during
earlier measurements, by logging the swr
when the far end of the line is shorted.10

broad-banding

On one band only, there are several
ways to broaden the antenna. One way is
to make the wire fat, in effect, compared
with the length. Several spaced wires can
be used, including the old “cage.”11 A re-
markably effective and convenient form
is to use several wires, held apart half way
between the center insulator and the end
by some type of light-weight spreader,
forming a diamond in each quarter-
wavelength. Still another way is to fan
out two wires, or three, supporting the
far ends from different points. All these
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tend to shorten the resonant length by as
much as 20 percent.

Everett® goes through the design of a
fat antenna with a bandwidth of about 30
percent within an swr of 1.25:1. The
length/diameter ratio of the conductor
was selected for a resistive component that
matches the transmission line; then a
shorted stub was connected across the line
at the antenna to cancel out the re-
actance.

John Kraus, WB8JK,12 gives the resist-
ance of fat antennas which runs in the
vicinity of 80 ohms at the center of a half

wavelength, to 200 to thousands of ohms
for the center of a full wavelength. These
lengths are much shortened due to the
shape. The convenient impedance ex-
plains why many very broadband fat an-
tennas actually are vertical half-waves or
horizontal full-waves.

Colemant has investigated the use of
parallel or series reactances in the form
of capacitors, inductances or line seg-
ments, to obtain more bandwidth in a
particular antenna. In connection with
parallel-resonant  stubs (usually slightly
longer than a quarter wavelength) placed
across the line at the antenna, he says:
“The broad-banding property seems not
to have been exploited. A resonant an-
tenna has a negative susceptance (1/X)
slope with respect to frequency, which can
be cancelled with a properly chosen cir-
cuit over a considerable range of fre-



quencies. The most favorable antenna
curve is one which has a resonant conduc-
tive component (1/R) just less than 2.
The stub portion of a bazooka (quarter-
wavelength-line type of balun) is ideally
suited for bazooka matching and balanc-
ing of a balanced resonant circuit to an
unbalanced line.” Linear baluns thus
formed of coaxial or triaxial!3 cable may
be very useful in broad-banding an an-
tenna without added hardware.

Meiert has put together the work of

fig. 7. Fan monopole, physically short as shown.

Two can be used as a dipole.

Coleman on the use of capacitors or in-
ductors, and stubs, to obtain broad-band-
ing. With simple antennas, and using a
two-element broadening arrangement
consisting of a series capacitor and a
parallel stub, he obtained bandwidths far
greater than our 80-meter band. Then, he
explored the use of fan elements (fig. 7)
which are physically short, and found that
it was necessary to use only the parallel
stub in order to obtain adequate broad-
banding. Three wires, connected together
at their far ends, were satisfactory; the
length of the center wire plus half the
length of the wire connecting the ends,
was approximately a quarter wavelength,

The unusual bandwidth resulted part-
ly from the complete loop that the an-
tenna impedance makes on the Smith
chart. The spiral locus is also typical of a
series line transformer with a length that
exceeds a quarter wavelength.?

It is customary practice in broadband

designs to sacrifice a perfect match at the
midfrequency in order to gain band-
width within the acceptable swr. For a
fanned-out antenna and linear balun
giving an swr less than 2.5:1 over the 80-
meter band, (see the Radio Handbook,
17th Edition).

double-humping

Somewhat like broad-banding is the de-
sign of an antenna that will produce an
acceptable swr at two different frequencies
within the 80-meter band. One way is to
clip additional wire on the ends of the
antenna, but this sometimes proves to be
inconvenient. A second way is to use in-
band traps to do the clipping-on auto-
matically.2 It may be possible to use line
sections as automatic switches!* even if a
coiled coaxial line is used on only one
side of the center of the antenna to per-
form the switching function, such as short-
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fig. 8. 80-meter antenna using two dipole wires
within the band producing a double-humped swr
curve.

ing a series capacitor or changing the
length of a stub to its shorting bar or
shorting line. 1 have tried separate di-
poles cut for two frequencies in the 80-
meter band (fig. 8). This worked satisfac-
torily except for the amount of wire in
the air.

Two tests were made to solve the prob-
lem of midband operation. With the clip-
on ends, leaving one on and one off, put
the antenna swr dip in midband. This has
not yet been tried with the in-band traps,
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but clip-on wires hanging from the inside
end of the traps successfully moved the
position of the swr dip. This idea was
first considered as a means of lowering
the frequency of the ten- or fifteen-meter
sections of the driven element of a Telrex
Yagi without affecting lower bands ap-
preciably, and without adjusting the
aluminum tubing.

two bands broad-banded

Many of wus have the more difficult
problem of covering the 40-meter band at
both ends, and the 80-meter band on both
cw and phone. This tends to make the
problem more difficult. The trapped
40/80 inverted-V with clip-on ends for the
80-meter cw frequencies which has been
in use at K6KA for several years is some-
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trap cut to different lengths for the ends
of the 80-meter band. This caused a re-
markable shortening of the wire length in
addition to that caused by the inductive
reactance of the trap, and only one swr
dip was located within the transmitter’s
frequency range. The narrow frequency
range of current exciters makes it difficult
to locate the swr dips when they fall well
outside a band.

Using two dipoles spaced six inches by
dowel rods, the 40-meter wire below the
80-meter wire, and in-band traps near the
end of the 80-meter wire, W6JKR found
no interaction and fully satisfactory
operation.2

Obviously, the in-band traps
eliminated, too, by using three wires: one
for 40 meters, one for 80 cw, and one for

can be
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fig. 9. Broadband 80- and 40-meter inverted-V with tv shielded foam line shorted stub, and quarter-wave 7-MHz

switching stub. This can be part of a bazooka balun.

what difficult to adjust initially because
of the loading effects of the 80-meter sec-
tions upon the 40-meter section inside of
the 40-meter Hy-Gain traps.

The need for clipping on wires was
found unnecessary when an 80-meter
phone dipole was placed in parailel with
the old 80-meter cw dipole which was
trapped for 40 meters. However, there
continued to be some interlocking ad-
justments.

An alternate plan used one dipole from
the center of the antenna to the 40-meter
trap, and then two fanned wires from the
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80 phone. Such an arrangement was put
up at WBGITO and WA7NAR using a
wooden mast and a four-wire cage dipole
on X-shaped spreaders. The wires are not
connected at the far ends, but the lengths
are cut for different frequencies in order
to produce a fairly flat swr over the en-
tire 80-meter band. One wire presumably
can be cut for 40 meters. The problem of
adjustment might be simplified by clip-
ping extension wires on the three (or
two) 80-meter dipoles not being adjusted,
in order to move them out of the range
of the dipole being adjusted. Actually,



the adjustment is not to “‘resonance,”’ but
to a low swr at the dipole’s assigned fre-
quency in the band.

general solution
So far several satisfactory one-coaxial-
cable two-band antennas have been men-

FEEDLINE

2. A fan dipole with 40-meter traps in
all of the wires, and a parallel quarter-
wavelength stub (or slightly longer,
possibly made of shielded tv foam cable
coiled up) or bazooka with the auto-
switching discussed above (see

matic
fig. 10).

\\
7 MHI OPEN-GIRCUITED
SWITCHING $TUB

3.5 MhHz
SHORTED STUB

fig. 10. Broadband 80- and 40-meter fanned inverted-V, trapped for 40 meters. Stubs perform the same as in

fig. 9.

tioned, including those with a separate
wire for 40 meters, and two-point or wide-
band coverage of 80 meters. If two coax-
ial cables are considered, the problem of
obtaining broadband coverage of 80 me-
ters is not difficult if a quarter-wave stub
or bazooka balun is used for broadening.

For full coverage with a single feedline,
other than the two cage dipoles described
by Covington1! or a single cage which
might permit trapping one wire for 40
meters, it appears that the most satisfac-
tory design will use a combination of
methods such as those discussed above and
will be useful throughout both 40 and
80 meters with an acceptable swr. The
most promising possibilities appear to be:

1. A 40-meter wire and an 80-meter
wire, broadbanded by a parallel quarter-
wavelength (or slightly longer) stub or
bazooka whose length is automatically
switched between bands by applying a
quarter-wavelength  open-circuited line
at the position that will shorten the
stub to the 40-meter length (fig. 9).
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