ANTENNAS

K6MHE takes us through the design and construction parametérs
for his J-pole antenna. The design may be simple and proven,
but a little computer tweaking can make it far more efficient.

The J-Pole Revisited

for decades. lis ease of construc-
_ tion, cost, and installation make it a
favorite for the home builder. However, if
conventional construction and installaftion
metheds are utilized, | have found that the
performance of this antenna is less than
optimum. | built my J-pole to avoid some
common pitfalls, resulting in improved
performance. If you are considering build-
ing a J-pole for yourself or if you present-
ly are using one, the following information
should be of interest to you.

The J-pole antenna has been around

A Bit of History

| have in my library an old government
publication entitled “Antennas and Anten-
na Systems” (TM 11-314) printed in 1943
by the War Department, wherein the fol-
fowing description of the J-pole is given:

“The J antenna, so called because it
resembles the shape of the lefter *J,” is a
half-wave veriical element end-fed by a
_ quarter-wave malching stub . . . tis in-
tended for use with two-conductor open-
wire transmission lines, a suitable vaiue
of line impedance being 600 ohms. Since
the lower end of the matching stub is at
zero potential with respect to earth, a
direct ground may be made to this point,
using a connecting wire of any convenient
length, without disturbing the operation of
the antenna . . .”

Today, amateurs normally use coax
transmission line to feed an antenna.
Otherwise, the above description and the
illustration shown in fig. 1, printed over
four decades ago, are essentially un-
changed and still are published today in
many amateur radio publications.

The operation of the J-pole is based on
the assumption that the top '/2-wave-
length section is the radiation portion of
the antenna, while the lower /4-wave-
length stub is used for matching and
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doesn’t radiate. This assumption is not
entirely correct. | will endeavor to explain.

Computer Modeling

Fortunately, today we have at ourdisposal
inexpensive antenna-modeling software.
We can, by using our computers, effec-
fively evaluate many antenna configura-
tions without so much as stringing a sin-
gle wire. | used EZNEC?! to model and
analyze the J-pole for a closer look.

The First Scenario

| began by modeling a 2 meter J-pole at
a typical backyard elevation of 30 feet
above ground. The model was designed
to represent the “plumber's delight” style
of construction using standard /2 inch
copper pipe and fittings. (As a reference
for comparison, | alsc molded a 1/z-wave
dipole at the same height.)

In the first analysis | molded only the
antennas themselves. This was done io
eliminate any possible distortions which
could be caused by a supporting mast or
transmigsion line. In other words, the
antennas were just floating up there {the
wonders one can do with computers) con-
nected to nothing. [ planned to add a con-
ductive support mast and coax transmis-
sion line and evaluate their influences at
a later time.

The resulting far-field elevation plots for
this first scenario are shown in figs. 2 and
3. Two elevation plots are depicted for the
J-pole infig. 2, and the reference 1/2-wave
dipole is shown infig. 3. Fig. 2(A) was pro-
duced with the unconnected portion of the
stuboriented to the right side; fig. 2(B) was
generated by EZNEC with the stub rotat-
ed 90° azimuth (perpendiculario the view).

The 1/2-wave reference dipole’'s plot
(fig. 3) is similar to that in fig. 2(B). How-
ever, the dipole produces a sharper dip in
radiation directly overhead (180°}.

EZNEC also revealed that the major
lobe takeoff angle of 3° was identical for
both antennas. Therefore, fused 3° forthe

1125
Trans _x
Line 1142

Al
\ May be

grounded here

Fig. 1- Typical J-pole ilusiration.

elevation angle to compute the azimuth
pattern comparisons in fig. 4. In this illus-
tration (fig. 4) the unconnected leg of the
stub is oriented towards the right {0° bear-
ing) side. Observe that the J-pole exhibits
a slight pattern shift or skewing in the
same direction as the unconnected stub
is positioned.

An Incorrect Assumption

if the assumption that only the top 1/2-
wave of the J-pole radiates and the /2-
wave matching section doesn't, why isn't
the J-pole's pattern much closer {o that of
the dipole? After all, aren’t both antennas
supposedly utilizing 1/4-wavelength radi-
ating elements? Evidently, the matching
stub must be influencing the J-pole’s pat-
tern. It does and here’s why.

For negligible radiation to take place
from the 1/4-wave matching stub, certain
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(b)

Fig. 2— Elevation plots of a J-pole mounted 30 f. above ground. In view (A} the unconnected leg of the matching stub is located
fo the right side. In view (B} the unconnected leg is oriented perpendicular to the view.

conditions must be met. First, ihe spacing
between the two parallel conductors must
be very close in terms. of wavelength.
Second, the current in each conductor
must be equal in amplitude with a phase
" ferential of 180° {anti-phase).

Looking at the matching stub, it is obvi-
ous that at the unconnected (open) end of
the stub no current exists, as that point
exhibits an infinite impedance. However,
what may not be readily apparent is the
following: At the adjacent conirasting
point of the stub, where it connects to the
1/2-wavelength element, the impedanceis
guite high. However, it is not infinite.
Therefore, current must exist. (Indeed, if
there was no current at that point, no
power would be coupled to the 1/2-wave-
length element.) Consequently, the cur-
rent amplitudes between the parallel lines
of the matching stub will not be equal. This
was confirmed by examining the currents
within the stub section computed by
EZNEC. EZNEC'’s computations verified
that the currents in the contrasting stub

segments were notthe same in amplitude.
Additionally, EZNEC also reported that
the phase relationships were not exactly
180°. The cansequence of all of this is that
some energy is radiated from the match-
ing stub. Although the differences com-
puted by EZNEC were not great, they
wera enough to produce the skewing of
the J-pole's radiation patterns illustrated
in figs. 2 and 4.

The Bottom Line
In the azimuth comparisons in fig. 4

'EZNEC calculated that the J-pole’s gain

varies from approximately a maximum of
1 dBd at 0° to—1/4 dBd at 180°. Broadside
to the stub section {90° and 270°) the gain
is about 1/2 dBd.

In spite of the fact that EZNEC's calcu-
lations indicated that the J-pole had over-
all a slight gain advantage compared to
the dipole, 1 concluded that the perfor-
mance of both antennas would be about
the same. The reason is that it is gener-

ally acceptied that a change of 1 dB can
scarcely be perceived by a receiving sta-
tion. Therefore, from a practical point of
view, a receiving station would normally
not be able to distinguish between the J-
pole and the dipole, based on the azimuth
comparisons in fig. 4, as any variation
would be 1 dB or less.

i nextconcentrated my efforts on under-
standing what consequences, if any, add-
ing a support mast and coax transmission
line would have.

The Second Scenario:
Adding A Supporting Mast

The next step was fo model a J-pole con-
nected to a mast. For this analysis the
base of the stub section was to be direci-
ly connected to a ground-mounted ¢on-
ductive mast. .

EZNEC uses the Nec-2 engine for com-
putations and will not permit wires to touch
ground. in order to emulate a ground con-
nection for the mast, aground system was

+ Fig. 3— Elevation plot for a 1/z-wave dipole mounted 30 ft.

above ground.

Fig. 4— Azimuth patterns at 3 elevalion for a 2 meter J-pole and
a /e-wave dipole mounted 30 ft. above ground. —=
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Visa, MasterCard, Discover, check, cash, or
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Brian Beezley, K&6ST! - 3532 Linda Visia

Fig. 5~ Elevation cormparison of two J-pole systems. The outermost plot is the con-
ventionafly built and installed J-pole, and the inner plot is a J-pole insulated from the
support mast with a coaxial choke insialled at the feed point (see text).
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Fig. 6— Parts assembly and dimensions for a 2 meter J-pole.
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Fig. 7- The assembled J-pole with a cornmon mode current choke formed using the
coax transmission line.

modeled consisting of four 1/4-wavelength
radials connected to and spreading out
from the base of the mast. The base of
the mast and the radials were located very
ciose to (3/2 inch above) ground.

A series of computer-generated plot
analyses were run at several mast heights
varying from approximately 27 to 30 feet,
including odd and even /4 wavelengths.
As might be expected, there were varia-
tion in the elevation plots depending upon
the height (fength) of the mast. Most note-
worthy, in all cases EZNEC reported an

the antenna was connected to the con-
ductive mast. Consequently, based upon
these analyses, | conciuded mounting a
J-pole to a conductive support does and
will have an effect upon the performance
of a J-pole. This is contrary to previous
statements in many publications.

The Third Scenario:
The Transmission Line

Although coax is a two-conductor trans-
mission line, due to skin effect there are

-1
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NAME increasein the higher takeoff angleswhen  actually three conductive surfaces. One
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surface is the outer surface of the center
- conductor, the second is the inside sur-
face of the sleeve (braid), and the third is
..the outside surface of the sleeve. it is this

uter surface where an unwanted (com-
mon mode) current can be and usually is
present.2

To find out to what extent the common
mode current on the transmission line
may affect the antenna’s performance, |
ran an analysis for a J-pole fed with a co-
axialtransmission line. Inthis analysis the
antenna was at the same 30 foot eleva-
tion as | had used in the previous models.

To incorporate the third conductive sur-
face of the transmission line in the anten-
na model, 1 used a method suggested by
Roy Lewallen in the EZNEC manual. This
entailed placing a wire very close to and
running parallel with the transmission line.
For this analysis the coax and the paral-
lel wire were routed straight down from
the antenna. Additionally, a mast section
was not included to reduce possible mis-
interpretations of the analysis.

Examining EZNEC’s calculations for

- -*his configuration revealed that common
‘. node current does exist on the transmis-
sion line. The transmission line radiation
resulting from the common mode current
caused an increase in higher angle radi-
ation patterns similar to that in the previ-
ous analyses of conductive masts.

At this point it was obvious that mount-
ing a J-pote directly to a conductive mast
and/or the common mode current on a
coax transmission line results in produc-
ing a high praportion of signal being wast-
ed at higher takeoff angies.

In the preceding analyses of the mast
and coax transmission line we made ref-
erence 1o a theoretical J-pole altached o
nothing—ijust floating up there 30 feet
above ground. In the real world the anten-
nawill be supported by something and will
have a transmission line attached. What
1 nesded now was a comparison under
more realistic circumstances.

: ..I'he Fourth Scenario:
The Tale of Two Systems

| concluded by running a computer analy-
sis for two complete J-pole systems. One
system was a converitionally constructed
and installed J-pole. By convention, |
mean the base of the antenna is directly
connected to a ground-mounted conduc-
tive mast and fed with a coax transmis-
sion line with no provisions for controlling
common-mode current. In the second
system the J-pole was insulated from s
mast and a coaxial choke was contrived
by placing a 500 ohm series inductive
reactance inserted on the wire simulating
the outer shield of the coax at the anten-
na's feed point. The antennas in both sys-
tems were mounted 30 feet above
ground, and all other parameters were the

same— i.e., ground conductivity, applied
power, and so on.

The resulting comptter elevation plots
are shown in fig. 5. In this figure the pat-
terns are viewed with the unconnectedleg
of the stub oriented perpendicular to the
view. Note the substantially higher angle
radiation (outermost pattern) of the J-pole
built and installed in the conventional
fashion.

Unquestionably, based on the comput-
er analysis, for better performance of a J-
pole antenna at the desirable lower take-
off angles, it should be built and installed
like most other antennas. That is to say,
isolate it from any conductive supporting
structures and employ some method to
eliminate or reduce common mode cur-
rent on the coax transmission line. It was
these conclusions | applied in the build-
ing of my J-pole. :

Construction

{used commoncopper to copperand PVC
plumbing components obtained at the
focal building supply store to build the
antenna. In addition to the ease of obtain-
ing the plumbing fittings and their rea-
sonable cost, there is the additional ben-
efit that an open channel is maintained
throughout the antenna elements. This
permits draining of any possible internal
moisture condensation.

The antenna construction (dimensions
and assembly) information is given in figs.
6 and 7 and should be self-explanatory.
The main departure from conventional
“olumber’s delight” construction practice is
the use of the PVC pipe fittings, which
serve a double purpose. They form an
assembly which is used to Insulate the
antenna from the mast, plus they provide
an excellent coil form for fabricating a
coaxial (common mode) choke. The two
PVC adapters and coupling are cemented
together using standard PVC pipe cement.

Another slight variation from the con-
ventional is the incorperation of adjust-
ment screws (stingers) at the end of the
elements. This was done to make the ad-
justing (resonating) of the antennaa much
easier task.

| found using a tube cutter to be much
superior to using a hacksaw for cutting the
copper wire. Lsing a tube cutter makes 1t
easier to maintain dimensional accuracy
and provides a good siraight cut, plus de-
burring is not required.

Soldering Tips

A few commenis may be in order for those
inexperienced in soldering copper pipe
fittings. .

First of all, be sure that all surfaces to
be soldered are clean. | used a strip of
emery cloth (180 grit) about 1 inch wide
and 8to 10 inches long. While holding the
copper tubing in a vise, 1 used the emery
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cloth as one would use a shoe-shine rag
and polished the copper tubing until it was
bright and clean.

Next, prior to assembling the compo-
nents for soldering a very thin coat of sol-
dering paste was applied to the surfaces
which were to be soldered. By thin | mean
that when applied, the paste could barely
be detected by eye, but it could be felt by
touch. Applying too much paste will make
for a gooey mess and can hinder more
than help while soldering.

When soldering the joints at the base of
the antenna, some care is required to
keep all the components properly afigned,

as the heat conduction is such that most,
if not all, of the joints will be molten dur-
ing soldering. | happento have alarge vise
which did the job nicely, but wooden
blocks and clamps could be made to work
equally well.

Another pointor two: Avoid applying too
much solder. Remember that the strength
is in the joint itself, not on the ouiside.
Putting mounds of additional solder on the
outside doesn’t help and makes the job
look sloppy.

Finally, avoid getting the joint too hot.
This can result in oxidizing the copper sur-
faces and burning the paste and/or resin,
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which results in a weak, dirty, poor-con-
ducting joint. | used a propane torch and
played the flame slowly back and forth
across the joint, touching the solderto the
joint successively until it flowed. The sol-
der should meit when touched o the sur-
faces {joints) you are soldering, notby the
direct flame of the torch. If you are inex-
perienced in this type of soldering, itwould
be good insurance to purchase a couple
of extra fittings and practice soldering
them a time or two until you become com-
fortable. it really is not difticuit to do.

A good method | found for securing the
nuts for the adjustment screws to the end
caps was o first solder the pipe caps fo
the end of the elements. Following that |
cleaned the fop surface of each cap with
emery cloth and then applied a thin coat
of solder paste to the cleaned area. Hold-
ing the antenna element in a vertical posi-
tion in my vise and using the propane
torch, | tinned the top portion of each cap,
applying just enough solder o create a
small crown of solder (less than /32 inch
high at the center) and approximately 3/s
inch diameter.

Next the brass 1/4-20 nut was prepared
by partially screwing the nut onio a screw
and then grabbing the head of the screw
in a vise so that the face of the nut was
held in an upright position. 1 then cleaned
and applied a thin coat of soldering paste
to the face of the nut.

Next | applied heat using the propane
torch, tinning the face of the nut with sol-
der. However, before the solder had solid-
ified, | used a small wire brush and
brushed the face of the nut, leaving only
a flash coating of solder. After cooling |
removed the nut from the screw, and
again clamping the antenna element ver-
tically in my vise, placed the nut (tinned
side) upon the end cap where | had pre-
viously applied the crown of solder. After
carefully aligning the nut on the end cap,
| slowly applied heat from the propane
torch, playing the flame back and forth
untif | could see that the solder had fused.
{Note: No additional solder was added as
it was not needed, and furthermore, had
! attemnpted to torch the nut with the soi-
der, chances are the nut would have
moved, ruining the alignment. )

For the final step | waited until after
everything had cooled. Then, using a
hand drill with #7 (.201 OD) drill bit, I drilled
through the end cap using the threaded
hole of the nut as a guide. After the drilling
was complete, | passed a 1/4-20 tap
through the nut to clean out any possible
solder that might have been lodged in the
threads and threaded the end cap.

Tuning

Element lengths and the transmission-
line connection points are shown infig. 7.
| suggest you use these dimensions as a
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starting point, and then, if necessary, ad-
just the element lengths and/or feed
points for minimum SWR indication on the

~~ortion of the band you desire. An anten-

& analyzer such as the Autek Research
model RF-5 or the MFJ model 249 or 259
will work great. You can also use an SWR
meter.However, using an analyzer makes
the job much easier.

The final step was 1o seal the end of
the coax at the antenna to prevent mois-
ture penetration. | used a product called
Liguid Electrical Tape3, which | pur-
chased at the local hardware store. This
is a liquid vinyl coating that is brushed on
and when cured, makes an excellent
weather seal. To inhibit any possible
wicking action, | completely covered all
exposed portions of shield, foam dielec-
tric, and center conductor. As an added
precaution | also covered the stainless-
steel clamps, including a portion of the
antenna elements extending to about 1/2
inch on each side of the clamps.

_Summary

_iounting a J-pole directly to a conductive

mast and feeding the antenna with coax
without some method of preventing or re-
ducing common mode current on the
fransmission line will result in producing
a high proportion of the signal being wast-
ed at high take-off angles. For better
ground-wave communication a J-pole
should be isolated from any conductive
supporting structures and a method of
eliminating or greatly reducing the com-
mon mode current on a coax transmission
line is required.

The J-pole which | built and which is
presented in this article incorporates
those features and provides a good, cost-
effective antenna.

Asides

| maintained the spacing between the par-
allel elements of the stub section as close

_as possible using the plumbing fittings.

“uring modeling the J-pole | had found

“..nat the more the spacing between the

parallel conductors of the stub was in-
creased, the more skewing of the azimuth
pattern resulted.

Additionally, it has been suggested by
some that increasing ihe top portion of a
J-pole to 5/ wavelength would improve
performance. Running an analysis using
that configuration resulted in a much high-
er imbalance in current amplitudes and
phase relationships within the stub sec-
tion. This produced considerably greater
pattern skewing and distortions. There-
fore, | concluded that using 5/8-wave-
length top section of a J-pole would not
be a good choice.
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Footnotes

1. EZNEC, Roy Lewallen, W7EL, P.O.
Box 6658, Beaverton, OR 97007.

2. For a more detailed discussion of the
common mode current problem with coax
transmission lines, see Walter Maxwell,
W2DU's article “Some Aspects of the
Balun Problem” QST, March 1983.

ay You Saw it In CQ

3. Liquid Electrical Tape manufactured
by Star brite, Fort Lauderdale, Florida,
33314. a

| had always adhered to “conventional wis-
dom” regarding the operation of the J-pole
published in many amateur publications.
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The complete line of AEA analysts are now available FACTORY DIRECT at the
lowest possible cost. Each analyzer gives a graphical display of SWR curves with
variable sweep width and center frequency. For antenna tuming, you can set the
analyzer for a single frequency and a beeping tone will atlfow you to tne for lowest
SWR without having to look at the instrument. The SWR-121 HF analyzer covers
1-30 MHz and is priced at $299.95. The SWR-121 V/1J covers 120-175, 200-225 and
400-475 MHz and is priced at $399.95. Shipping and handling for each unit is §7.50.

The AEA CableMate™ graphical Time Domrain Reflectometer (TDR) is packaged
the same as the SWR analyzers. The CableMate shows multiple faults in a cable on the
graphical display. Virtually any multi-conducior cable may be tested for shorts, opens
or impedance lzmps. The CableMate is an excellent device for measuring the length
of most any cable. It will aiso directly show the 25 MHz return loss. The CabieMate
is priced at $359.95 plus $7.50 shipping and hardling.

All AEA analyzer products come standard with a serial computer interface.
Store your graphical data with the applications software and interface cable for only
$20.95 + $3.00 S&H.

We also manufacture the lowest cost high performance VHF and UHF vertical base
station antennas available. Please send or call for our free booklet Facts About Proper
VHF Vertical Antenna Design to find out why our IsoPole™ Antennas are SUPERIOR
to the competition. Try our IsoPole-144 VHF anterma for $69.95 plus $7.50 shipping
and handling or the IsoPole-440 antenna for $119.95 plus $7.50 shipping and handling.
The HR-1 two meter telescopic antenna will give you 10 dB gain over a rubber duck
antenna for your handie-talkie for only $19.95 plus $3.00 shipping and handling. Employ
the Halo-6 horizontal omni-directional antenna for six meters at $69.95 plus §7.50 for
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