Donald K. Reynolds
6365 Beach Drive S. W,
Seattle WA 98136

he purpose of this arti-

cle is to correct some
widespread misconceptions
about antennas. These mis-
conceptions, as will be ex-
plained later, are not con-
fined to certain users of an-
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Fig. 1. (a] Zepp antenna
with feedline. (b) Zepp with
feedline removed. (c) The
one-terminal impedance.

The Black Art
of Antenna Design

— shedding some light on the workings
of vertical whips

tennas, but evidently ex-
tend to some of the manu-
facturers as well. Unfortu-
nately, there is a widely-
held belief that antenna
design is a “black art.”
While | do not wish to un-
dermine the livelihoods of
those well-qualified anten-
na engineers who thrive on
perpetuating the notion
that the operation of an an-
tenna is incomprehensible
to the layman, | do feel
that some of the secrets
should be revealed in the

interest of the betterment
of ham radio!

The Problem

The problem to be
treated in this article is re-
lated to the way in which
antennas are connected to
transmission lines. We will
exclude from the discus-
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Fig. 2. Current distribution on the Zepp antenna.
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sion microwave antennas
such as horns or slots
which are driven by wave-
guides. Practically all
other antennas possess two
terminals, the points at
which one can say that the
transmission line to the
transmitter or receiver is
connected, and the anten-
na begins.

The problem arises from
what | shall call the “one-
terminal impedance” mis-
conception. As a starting
point, let’s take a look at
an old and time-honored
antenna, popular in the
early days of ham radio,
known as the “Zepp,” and
shown in Fig. 1(a). The
Zepp consists of a half-
wave wire, usually mounted
horizontally, driven at one
end by a two-wire transmis-
sion line. The feedline is
normally one quarter-wave-
length long, and is usually
coupled inductively to a
tuned circuit at the driving
end. The antenna is said to
be “voltage fed” because
the extremity of a wire an-
tenna is a point of high
voltage and low current.

You must surely agree
that terminals A and B in
Fig. 1(a) are the input termi-
nals of the antenna be-
cause this is where the two-
wire transmission line is
connected, If we concen-
trate on the antenna alone,
we have the situation por-
trayed in Fig. 1(b), where
point B is one end of the
half-wave antenna, while
point A is a disembodied
point hanging in the air.
What, then, is the imped:
ance terminating the trans-
mission line? It is evidently
infinite, because an imped-
ance is the ratio of an ac
voltage to an ac current.
An ac voltage, V. applied
across the two terminals of
an antenna should certain-
ly excite the antenna. If
such a voltage generator is
applied across terminals A
and B, as shown in Fig. 1(c),
no current can flow, be-
cause the same current
which goes out of one ter-
minal of the generator
must come into the other,
and in this case, terminal A
is not connected to any-
thing. But there must be a
finite current entering the



antenna at the feed point,
or there could be no power
radiated by the antenna!
Here lies the misconcep-
tion which | have called
“one-terminal impedance.”

This dilemma was known
to at least some of the ear-
ly users of Zepp antennas,
as can be verified by study-
ing technical literature on
the subject written 40
years ago. The truth of the
matter is that the transmis-
sion line must also be a
part of the antenna.

Since the horizontal part
of the antenna is a half
wave in length, there will
be a standing wave of cur-
rent along the wire with a
magnitude of zero at the
far extremity, maximum in
the center, and small, but
finite, at the driven end (see
Fig. 2). The magnitude of
this input current depends
on the length-to-diameter
ratio of the wire, and will
be about 25 percent of the
maximum current at the
center for a length-to-diam-
eter ratio of 100. The cur-
rent on the transmission
line wires will be com-
posed of two components,
the first of which is the or-
dinary transmission line
component with equal and
opposite currents on the
two legs. This component
is designated as |, in Fig. 2.
The second component is
the antenna current, with
equal amplitudes and equal
directions on both legs,
shown as I; in Fig. 2. At
point A, the total current
must be zero. Thus, |; and
I, must be equal in ampli-
tude but 180° out of phase
to add up to zero at A, and
equal in amplitude but in
phase to add up to the cur-
rent entering the antenna
at point B, labeled 1.

The transmission line
currents are produced by
the transmitter, usually
through inductive coupling
at the input end of the two-
wire line. The antenna cur-
rent is in the form of a
standing wave on the an-
tenna wire, but its distribu-

tion along the feedline is in
some doubt. The electro-
magnetic field due to the
transmission line currents
alone is localized in the
near neighborhood of the
feedline, but the field due
to the antenna currents is
not so confined —in fact, it
produces substantial radia-
tion from the feedline.
There will be coupling by
this field to nearby objects
such as to the building in
which the transmitter is lo-
cated, and to any electrical
conductors nearby. The in-
put end of the feedline will
have inevitable capacitive
coupling to the transmitter
chassis, and the entire
transmitter will be hot with
rf, along with the house
wiring. At higher power lev-
els, the operator may re-
ceive rf burns when his lip
brushes up against a metal-
lic microphone! Frankly,
the old Zepp antenna is a
mess!

All of this is easily cor-
rected by moving the feed-
line to the center of the
half-wave dipole, which is
a point of symmetry. The
radiating antenna currents
are now confined entirely
to the antenna and no an-
tenna currents are superim-
posed on the transmission
line currents. Note, how-
ever, that this situation pre-
vails only as long as a bal-
anced transmission line is
used to feed the antenna. If
coaxial cable is used, then
an appropriate “balance-
to-unbalance” transform-
er, or balun, must be em-
ployed between the coax-
ial line and the antenna to
inhibit currents from flow-
ing on the outside of the
coaxial cable.

While the old Zepp an-
tenna is rarely used today,
there are many other an-
tennas in common use
which must be driven from
one extremity. These are
the class of vertical whips
in which the feedpoint is
elevated above earth
ground, highly popular for
base station use in the VHF

and UHF bands in amateur,
commercial, and marine
service. This class of anten-
nas is used in an effort to
obtain vertically-polarized
radiation which is omnidi-
rectional in azimuth. Un-
fortunately, the one-termi-
nal impedance misconcep-
tion, which should have
been laid to rest 40 years
ago, has reappeared with a
vengeance!

Antennas are commer-
cially available from a
number of different manu-
facturers which consist of a
vertical whip extending up
from an impedance-match-
ing network at the base,
which is fed through a co-
axial cable connector. The
most popular lengths for
the whip are 1/4, 1/2, and
5/8 wavelength. If this type
of antenna is used on the
outside metal surface of an
automobile, there is no
problem. One has a kind of
highly-unbalanced dipole,
one leg of which is the
whip, the other being the
outside metal surface of
the car. The outer conduc-
tor of the coaxial cable
is electrically connected
(either conductively or ca-
pacitively) to the car body,
while the center conductor
couples to the whip. The
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Fig. 3. Typical whip with
base tuner connected to a
coaxial line.

same magnitude of current
which enters the base of
the whip must also spill out
over the car body. If the an-
tenna is mounted at a point
of symmetry, ideally at the
center of the rooftop, cur-
rent will flow radially out
from the base of the whip,
as in the case of a vertical
broadcast antenna system.
The car top is an elevated
“ground plane” of finite
size. The radiation pattern
will show only minor varia-
tions in azimuth, but the
maximum radiation inten-
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Fig. 4. Tuners for end-driven whips. (a) L-network. (b)

Tapped-inductor.
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Fig. 5. Equivalent circuits of end-driven whip.
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Fig. 6. The complete end-driven whip.

Fig. 7. Measured radiation patterns showing relative power
vs. vertical angle: 1. -~ half-wave whip, no decoupling. 2.
~ - ~ - 5/8-wavelength whip, no decoupling. 3. — - - —
half-wave whip with quarter-wave decoupling sleeve. 4.
—— reference half-wave center-driven dipole.

sity will typically occur at
some vertical angle above
the horizon. This effect is
usually tolerated as the
price to pay for the simplic-
ity and economy of the
simple vertical whip ex-
tending from the car body.
(Incidentally, severe asym-
metry in the mounting lo-
cation of a VHF vehicular
whip can result in a highly-
irregular azimuthal radia-
tion pattern)

The great one-terminal
impedance misconception
rears its head again when
an automotive-type whip
antenna is connected to
the end of a roaxial trans-
mission line, with the auto-
mobile deleted This situa-
tion 15 not uncommon.
Many an amateur radio op-
erator has bought an auto-
mohbile whip for home use,
stuck it out of the window,
and connected it to his
2-meter base station
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through a length of coaxial
cable. If he could only see
where the rf was going, he
would be shocked! (At the
end of this article | will re-
veal the design of a handy
device which actually can
make the rf visible!)

For ham use, degraded
performance is not usually
a critical matter. The user
may be unaware of the
degradation because he is
still able to work other sta-
tions. The user may be
quite happy. Unfortunate-
ly, users rarely receive any
technical guidance from
either the manufacturer of
the antenna or the dealer,
both of whom are princi-
pally concerned with sales.
A much more serious prob-
lem arises when the auto-
motive-type whip antenna
is used in other than ham
radio service, for example,
in the marine band of 156-
162 MHz If you happen to

live in a coastal area where
large marinas are located,
look at the sailboats and
see how many vertical
whip antennas of the thin
wire, automotive type are
mounted on the mast-
heads. As will be explained
below, this type of antenna
system can produce severe
degradation of the radia-
tion pattern, caused by un-
wanted currents excited on
the outside of the coax line
as well as on the stays,
shrouds, and the mast itself
—all functioning as long-
wire antennas. The degra-
dation in communications
performance could result
in tragedy because of the
inability of the boater to
summon help in an emer-
gency situation. | cannot
believe that the manufac-
turers and dealers of these
antennas are aware of the
problem; it is much more
likely to be a matter of ig-
norance, It happens that
there do exist well-de-
signed vertically-polarized
marine VHF antennas on
the market, in which the ra-
diating element is superbly
decoupled from the coax
line and mounting struc-
ture. It is unfortunate that
in this consumer-oriented
market, when the sailboat-
er asks for a lightweight
VHF antenna, the dealer
happily sends him off to his
(possible) doom with de-
graded communications ca-
pabilities!

Returning to the one-ter-
minal impedance miscon-
ception, Fig. 3 portrays a
typical coaxially-driven
whip antenna with tuner in
the base, connected to a
coaxial cable The antenna
might be either a half-wave
or 5/8-wavelength whip.

A popular network for
impedance-matching the
whip to the coax line is
shown in Fig. 4(a). This is an
L-network in a configura-
tion useful for a load im-
pedance whose resistive
part is greater than 50
Ohms, as in the case of
both the 1/2- and 5/8-wave-

length whips. Another pos-
sible tuning network, using
a tapped inductor, is
shown in Fig. 4(b). Capaci-
tor C in Fig. 4(b) is some-
times deleted, and the
length of the whip is made
variable in order to gain an-
other tuning parameter,

We now come to an-
other point about which |
suspect there are miscon-
ceptions among many
amateur radio operators.
This concerns the respec-
tive roles of the inside and
the outside of the coaxial
line. The transmitter nor-
mally resides within a
rather well-shielded box.
The signal generated by
the transmitter is conveyed
within the coax line to the
feedpoint of the antenna
before it (the signal)
emerges and first “sees the
light of day.” I like to call
the shielded interior of the
transmitter and the inside
of the coax cable out to the
antenna terminals the “in-
side world.”” The “outside
world” consists of the whip
antenna and the outside
surface of the outer con-
ductor of the coax line!
This is the point missed by
many users of antennas.
They perceive of the coax
line purely as a transmis-
sion line connecting their
transceiver to the antenna,
and fail to understand that
it can also be a part of the
antenna. Please under-
stand that this is not a new
or revolutionary concept,
but has been well under-
stood by antenna engi-
neers during at least the
last 35 to 40 years.

Looking down into the
coax line between points A
and C—see Fig. 4(a)—we
can replace the “inside
world” by a voltage
source, V,, in series with an
internal impedance, Z,.
This is an application of
Thevenin’'s theorem —well
known to all electrical en-
gineers. The voltage source
drives the antenna imped-
ance, Z,, through the LC
network, as shown in Fig,



5(a). The circuit can be sim-
plified by including the
tuner as a part of the effec-
tive source impedance,
looking back toward the
source at terminals B and
C, as shown in Fig. 5(b). The
effect of the tuner is to
modify the source voltage
to a new value, Vg, and the
source impedance to Z,.
The tuner can properly be
considered to be a part of
the “inside world.” You
could just as easily mount
the L and C elements just
inside the coax line as
shown in Fig. 5(c).

Aha! We now note that
the load impedance termi-
nating the coax line is con-
nected across terminals B
and C. If we disconnect the
coax line with its tuner
from the antenna, we are
left with only one terminal
(B), the other terminal hav-
ing been carried away with
the coax line! The one-ter-
minal impedance problem
has struck again.

We are led to the correct
conclusion that the coax
line must provide the other
“half” of the antenna. An-
tenna currents must be car-
ried on the outside of the
coax line. Unlike the open-
wire feedline of the Zepp
antenna, where transmis-
sion-line and antenna cur-
rents were superimposed,
the coax line forces the an-
tenna currents to be entire-
ly on the outside of the out-
er conductor. This results
from the fact that a coaxial
line forces currents within
the line to be equal and op-
posite on the center con-
ductor and inside wall of
the outer conductor, re-
spectively. The antenna
current is forced to flow on
the outside surface of the
outer conductor.

The antenna is really a
horrendously unbalanced
dipole, as shown in Fig. 6,
the two sides being (1) the
whip itself, and (2) the out-
side of the coax line all the
way to the transmitter, the
outer box housing the
transmitter, and, very pos-

sibly, many other conduc-
tors associated with the
system, such as the micro-
phone cable, leads to a
power supply, house wir-
Ing, etc.

The magnitude of the an-
tenna current at all points
along the outside of the
coax line is not easily pre-
dictable. One can be sure
that at the feed point the
Instantaneous current, |,
entering the whip must be
exactly equal to the anten-
na current at the extremity
of the outer conductor of
the coax line (see Fig. 6).
Below the feed point, the
current on the outside of
the coax will probably be
in the form of standing
waves produced by reflec-
tion processes at the bot-
tom end of the coax-trans-
mitter system. At the an-
tenna terminals, the stand-
ing-wave amplitude on the
outside of the coax could
produce a current maxi-
mum (resonance), current
minimum (anti-resonance),
or anywhere in between. If
there are many wave-
lengths of coax between
the transmitter and the an-
tenna terminals, there will
be only a small percentage
difference in frequency be-
tween resonance and anti-
resonance. The degrada-
tion of the radiation pat-
tern is highest for antireso-
nance conditions on the
cable, at which time the re-
sulting radiation pattern in
the vertical plane will be
broken up into a mass of
lobes. Additional degrada-
tion will result from power
loss where the coax line is
in close proximity to lossy
materials, such as the wall
of a house, the ground, etc.
Also, horizontal runs of the
coax between the antenna

and the transmitter will
radiate a component
which is cross-polarized
with respect to the radia-
tion from the whip.

If you are skeptical,
make up an rf sniffer like
the one described at the
end of the article, and con-
vince yourself! Connect a
2-meter band, automotive-
type whip at the end of a
length of coaxial cable of
arbitrary length—3 feet, 6
feet, 10 feet —whatever is
available. Connect the
other end to your 2-meter
rig. Ten Watts of output
power is a satisfactory lev-
el for good rf sniffing, but
higher power produces
more spectacular results.

First, while transmitting
(on some unused frequen-
cy!), bring the coupling
loop of the sniffer up to-
ward the whip. For maxi-
mum coupling, the plane
of the loop should lie in the
plane containing the whip
Tune the loop with an insu
lated tuning tool to obtain
maximum brightness in the
indicator lamp. You can
search along the whip and
see the standing wave of
current, since the loop is
magnetically coupled and
a point of maximum bright-
ness means of a point of
maximum current. Now
search with the sniffer
along the coax line below
the antenna. Provided that
your rig really is putting
out the better part of 10
Watts, or more, the sniffer
will light up merrily along
the coax all of the way
back to the rig!

| have performed this
demonstration (with good
effect) before a number of
different ham groups. At
one meeting, | also demon-
strated a 2-meter model of

a Zepp antenna, and
showed how the feedline
was strongly radiating. Af-
ter the meeting was over,
one of the old-timers pres-
ent said to me, “That
demonstration of the Zepp
was like killing an old
friend!” | prefer to think
that | was helping kill an
old bandit who had been
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wavelength center-driven
dipole.

robbing the hams of rf pow-
er for vears.!

Some representative
measured radiation pat-
terns of whips showing the
effects of radiation from
the coax line are shown in
Fig. 7. The azimuthal pat-
tern of a vertical whip is
necessarily omnidirection-
al. The radiation pattern in
the vertical plane is most
easily measured by sup-
porting the whip horizon-
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tally above a turntable,
and rotating it in the hori-
zontal plane at a fixed
height above the earth. A
signal generator on the
turntable drives the anten-
na, and the radiated signal
is picked up at some dis-
tance away on a horizon-
tally-polarized antenna,
amplified, detected, and
plotted on an automatic
chart recorder, the paper
drive of which is synchro-
nized with the rotation of
the turntable. The vertical
polar diagrams of Fig. 7
were obtained in this way,
using a commercial anten-
na pattern recorder and fa-
cilities of the University of
Washington. The original
recordings were made in
terms of a decibel plot on
an X-Y recorder, and were
carefully replotted in a po-
lar diagram to make the re-
sult more generally under-
standable.

Fig. 7 shows the relative
radiated power versus ver-
tical angle for 3 different
end-fed whip antennas, all
patterns normalized to a
maximum value of unity.
Each of these antennas was
mounted horizontally, with
the coaxial feedline ex-
tending out in line with the
whip for a distance of 8%
feet, and then coming verti-
cally down to near ground
level, and then back to the
turntable.

Pattern 1 is that of a com-
mercial half-wave whip
with tuner in the base. Note
how the pattern is of “but-
terfly” shape, with lobes
above and below the hori-
zon. This is a typical result
of the radiation from the
coax combining in and out
of phase with the compo-
nent from the whip. The
pattern would be much
worse if even a greater
length of coax extended

down from the base of the

whip, the main effect being
to break up the vertical pat-
tern into a mass of lobes,
with no assurance that
there would be a maximum
of radiation toward the

horizon.

Pattern 2 is that of a
5/8-wavelength whip with
base tuner, and it exhibits

considerably more severe

degradation than the half-
wave whip. This arises from
the larger base current of a
5/8 whip than in a half-wave
whip, resulting in a corre-
spondingly larger “spill-
over’ current on the out-
side of the coax.

Pattern 3 is that of a half-
wave whip with a quarter-
wavelength decoupling

sleeve, to be described in

the next section. Only slight
pattern distortion is evi-
dent, this being due to the
small current necessarily
excited on the decoupling
sleeve.

Finally, pattern 4 is that
of a center-driven balanced
dipole which is used as a
test antenna to calibrate
the antenna range.

The Cure

The conclusion to be
drawn from the above dis-
cussions and test results is
this: Use your mobile whip
antenna where it belongs
(on your car) and be skepti-
cal of any commercially-
available antennas which
are claimed to be designed
for base station use but
which consist of an end-
driven vertical radiator with
no decoupling system evi-
dent.

How then can you radi-
ate a clean, omnidirec-
tional, vertically-polarized
signal from an end-driven
whip antenna, and know
that it is performing cor-
rectly? Again, we turn to the
old pros, the antenna engi-
neers who have known how
to design such antennas for
the last 40 years, and have
been furnishing them to the
commercial trade, to the
military services, the
government agencies, the
telephone company, etc
These are the sophisticated
users, who are not fooled
by advertising claims, and
who insist on proof of per-
formance, including mea-

sured radiation patterns
under specified conditions
and measured gain figures,
before they buy.

The solution to the prob-
lem of end-driving the whip
is to employ a suitable “de-
coupling system” to inhibit
the antenna currents from
flowing down the outside of
the coax. For the VHF
bands, one of the most
widely used and (when
properly designed) highly
effective systems employs
a 1/4-wavelength section of
tubing, extending down
from the base of the whip
over the outside of the coax
line, as shown in Fig. 8. This
system is very effective for
half-wave whips, very poor
for 5/8 whips, and only fair
for 1/4-wave whips. (This
last design has been called
a “sleeve dipole” for many
years.)

Note in Fig. 8, which
shows a half-wave whip,
that the outer conductor of
the coax line at the base of
the whip is folded down
and over the coax in the
form of a quarter-wave
sleeve, which is open at the
bottom. For good decou-
pling, the diameter of the
sleeve must be consid-
erably greater than the
outer diameter of the coax
line, at least in the order of
5 or 10 to one. Looking up
into the open end of the
sleeve, one sees a coaxial
line with the sleeve as the
outer conductor, and the
outer surface of the feed
coax as the inner conduc-
tor. This coaxial line is open
at the bottom end, but ter-
minated at its top end in a
short circuit. At quarter-
wave resonance, there is a
high impedance between
the lower lip of the sleeve
and the inner coax line. This
impedance is in the path of
the “spill-over” current, and
forces a current minimum
to exist at this point. There
is a portion of a standing
wave of current on the out-
side of the sleeve, with
maximum amplitude at the
top of the sleeve. This max-



imum amplitude is small,
since it must be equal to the
base current entering the
whip. The other end of the
standing wave is at the
open end of the sleeve,
where the current ampli-
tude is practically zero. The
outside of the coax line
below the sleeve is now
very effectively decoupled
from the antenna. The cur-
rent distribution along the
entire structure is shown in
Fig. 9. The small section of a
standing wave on the de-
coupling sleeve is in phase
with the current on the
whip, but has little effect on
the radiation pattern, as
was shown in Fig. 7. A com-
mercially-available version
of this antenna, designed
for the 156-162-MHz marine
VHF band, is shown in Fig.
10. This antenna is par-
ticularly attractive for
masthead mounting on sail-
boats, because the decou-
pling sleeve prevents the
stays, shrouds, mast, etc.,
from becoming inadvertent
parts of the antenna.

A 5/8-wavelength whip
cannot be decoupled effec-
tively with a quarter-wave
sleeve, as can be seen by
the current distribution
shown in Fig. 11. The stand-
ing wave of current along
the whip has a phase re-
versal one half wavelength
down from the top. The
feedpoint current ampli-
tude is 70 percent of the
maximum current, and the
current at the top of the de-
coupling sleeve must have
the same amplitude and
phase as the current at the
base of the whip. The result
is that even though the coax
line below the sleeve may
be fairly well decoupled,
the radiation pattern of the
antenna will be poor. Radia-
tion toward the horizon

from the upper and lower
halves of the system tends

to cancel, with maximum
radiation occurring in lobes
at high and low angles.

A more intelligent way to
drive a 5/8-wavelength whip
is to place the quarter-wave

decoupling sleeve down
below the feedpoint so
that the open end of the
sleeve is 5/8 wavelength
below the feedpoint, as
shown in Fig. 12. The anten-
na now becomes a center-
driven 1-1/4-wavelength
dipole, which happens to
be the “magic” length need-
ed to produce power gain
toward the horizon of 3 dB
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with respect to an ideal ver-
tical half-wave dipole. This
is the maximum gain attain-
able from a center-driven
dipole, and is certainly
worth getting.
Experimental measure-
ments have shown that a
single quarter-wave sleeve
terminating the bottom end
of the 5/8-wavelength an-
tenna is insufficient to pro-
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Fig. 13. Commercial VHF version of marine antenna shown in Fig. 12.
provides temporary (and decoupled) support.

vide good decoupling of
the coax cable below. Un-
like the case of the decou-
pling sleeve on the base-
driven half-wave whip,
there is now an antenna cur-
rent maximum at the top
end of the sleeve. The de-
coupling is found to be only
partial, and the radiation
pattern shows degradation
from the currents on the

Here, the author
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Fig. 14. The “famous”™ coat-
hanger special.

outside of the coax below
the sleeve. The cure is to
place a second quarter-
wave sleeve below the first,
as shown in Fig. 12. A com-
mercial marine VHF anten-
na utilizing this construc-
tion is shown in Fig. 13. The
upper 5/8 whip, the tuner,
and the two quarter-wave
sleeves are enclosed within
a tapered fiberglass tube.
The ratio of the diameter of
the lower decoupling
sleeve to the braid diameter
of the coaxial line (RGC-
58A/U, in this case) is about
6 to 1, ensuring good decou-
pling.

This antenna produces a
vertical radiation pattern
very close to that of an
ideal, isolated, center-
driven 1-1/4-wavelength
dipole in free space, un-
affected by the feed cable
at the bottom end. Another
antenna based on the same
principles has recently been
announced for amateur
radio service in the 2-meter
band. It is designed for base
station use and features
twin decoupling sleeves of
conical shape in order to
obtain an adequately large
mouth diameter in a rigid
structure.

This article would be in-
complete without a men-
tion of the ideal antenna for
the amateur who wishes to
rush a 2-meter base station
on the air on an absolutely
minimal budget. This is the
famous “coat hanger spe-
cial,” which actually can be
made with coat hanger
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Fig. 15. An rf sniffer for the
2-meter band.

wire, and which performs
spectacularly better than
just about any automotive-
type whip antenna when
connected to the end of a
length of coaxial cable. Fig.
14 shows the details.

This simple antenna,
made on a UHF coaxial
chassis connector, behaves
like a vertical, center-driven
half-wave dipole. Note that
the 4 radial rods, referred to
erroneously by many peo-
ple as a “ground plane,” are
bent down at about a 45°
angle from the horizontal.
Don’t mount these rods so
that they extend out hori-
zontally from the base of
the whip. To do so will pro-
duce (1) a radiation pattern
in which maximum radi-
ation is lifted from the
horizon, and (2) an input
impedance of around 35
Ohms, resulting in a mis-
match on a 50-Ohm cable.
Bending the radial rods
down at about a 45° angle
(1) brings the maximum ra-
diation intensity down to
the horizon, and (2) brings
the input impedance up to
about 50 Ohms, giving an
excellent impedance match.
A low vswr over the entire
144-148-MHz band will be
obtained.

Although a good anten-
na, the coat-hanger special
is not the answer to all of
the world’s problems. It is
driven at a point of current
maximum, and there is no
reason to believe that all of
the spill-over current will be
confined to the radial rods.

Some current is bound to
flow down the outside of
the coax, and will produce
standing waves of current,
interfering with the radia-
tion pattern of the antenna.
The hope is that the 4 radial
rods, being of resonant
length, will hog the current,
keeping the spill-over cur-
rent along the outside of
the coax small. To check
your coat-hanger special,
use your rf sniffer. If you
detect appreciable rf on the
coax below the antenna, try
adding (or subtracting)
about a quarter wavelength
of coax to (or from) the feed
cable. The reasoning be-
hind this move is to try to
make the outside of the
coax change from an anti-
resonant to a resonant con-
dition.

The Rf Sniffer

The rf sniffer alluded to
in the previous discussions
is easy to build from junk-
box parts. Even if one buys
all of the components at a
radio store, the total cost is
unlikely to exceed $2.00.

The sniffer consists of a
loop of wire, a pilot light,
and a tuning capacitor all
connected in series. The
relative positions of the 3
components is immaterial.
You can put the tuning ca-
pacitor right next to the
lamp if you wish, or con-
nect it in series with the
loop on the side opposite to
the lamp. | like to use a
2-volt, 60-mA bulb (No. 49)
because this produces good
sensitivity. The capacitor
can be a compression mica-
type, a ceramic variable, a
tubular plastic variable, a
miniature air variable, etc.

The dimensions of the
loop shown in Fig. 15 are
suitable for the 144-148-
MHz band. The actual ca-
pacitance required to
achieve resonance will be a
function of the loop area
and the wire size. By using
No. 20 copper bus wire and
the loop dimensions shown,
resonance will be obtained
somewhere within the
range of 4 to 12 pF.

While the light bulb can
be soldered into the loop, a
socket is recommended.
The bulb can easily burn
out, especially when you
are showing your friends
how poorly their antennas
are decoupled! It is also
convenient to glue the snif-
fer to the end of a stick,
plastic tube, or rod, to pre-
vent your hand from detun-
ing the loop.

Conclusion

This article can be
summed up as follows: 1)
There is no such thing as a
one-terminal impedance; 2)
A whip antenna cannot be
end-driven successfully
from a coaxial transmission
line unless an appropriate
decoupling system is incor-
porated in the design.

When the ham attaches
an automotive-type whip to
a length of coax line to
serve as a base station
antenna, he is doing so at
his own risk. Ideally, the
manufacturer or the dealer
should call the attention of
the buyer to the bad effects
of this kind of misuse of the
product. This is similar to
the responsibility of a
manufacturer of medicine
to call the buyer’s attention
to the possibility of adverse
side effects! A more serious
situation exists in the case
of some end-driven base
station antennas, currently
on the market, which total-
ly lack any form of decou-
pling.

Armed with information
gained from this article,
and with your rf sniffer in
hand, you should now be
able to approach the mar-
ketplace with a more
critical eye, asking the
dealer embarrassing ques-
tions about spill-over and
decoupling, and insisting on
proof of performance! So
much of the electronic
equipment offered to the
amateur radio buyer today
is truly representative of
the state of the art that it is
high time that we elevate
the antenna to this same
status. B



