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Previous Antennas
- DBJ-1 (QST 2003)
- DBJ-2 (QST 2007)
- DBJ-UHF (CQ 2012) patent 8,947,313

Over 18,000 have been constructed with the help
of my students at UC Santa Cruz — Silicon Valley

50% ham use 50% commercial

All of our ideas come from users.



By Edison Fong, WBEIGN

The DBJ-1: A VHF-UHF
Dual-Band J-Pole

Searching for an inexpensive, high-performance dual-band base
antenna for VHF and UHF? Build a simple antenna that uses a single
feed line for less than $10.

wo-meter antennas are small com

I pared to those for the lower fre-

guency bands, and the availability

of repeaters on this band greatly extends

the range of lightweight low power

handhelds and mobile stations. One of the

most popular VHF and UHF base station
antennas is the J-Pole.

The J-Pole has no ground radials and
it Is casy to construct using inexpensive
matenials. For its simplicity and small size,
it offers excellent performance. Its radia-
tion patiern 15 close to that of an “ideal”
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Figure {—Basic diagram and dimensions
for the original 2-meter ribbon J-Pole.

38 February 2002 p5¥=

dipole because it 15 end fed; this results
in virtually no disruption to the radiation
pattern by the feed line.

The Conventional J-Pole

I was introduced to the twinlead ver-
sion of the I-Pole in 1990 by my long-time
friend, Dennis Monticelli, AESC, and 1
was intrigued by its simplicity and high
performance. One can scale this design to
one-third size and also use it on UHF.
With UHF repeaters becoming more popu-
lar in metropolitan areas, | accepted the
challenge o incorporate both bands into
one antenna with no degradation in per-
formance. A common feed line would also
climinate the need for a duplexer. This ar-
ticle describes how to convert the tradi-
tional single band ribbon J-Pole design to
dual-band operation. The antenna is en-
closed in UW-resistant PYC pipe and can
thus withstand the elements with only the
antenna connector exposed. | have had this

antenna on my roof since 1992 and it has
been problem-free in the San Francisco
fog.

The basic configuration of the rikbon
J-Pole is shown in Figure 1. The dimen-
stons are shown for 2 meters. This design
was also discussed by KDGGLF in 05T
That antenna presented dual-band reso-
nance, operating well at 2 meters but with
a 6-7 dB deficit in the horizontal plane at
UHF when compared to a dipole. This is
attributable to the antenna operating at its
third harmonic, with multiple out-of-
phase currents.

I have tested single-band J-Pole con-
figurations constructed from copper pipe.
4530 £ ladder line, and aluminum rod.
While all the designs performed well, cach
had shortcomings. The copper pipe J-Pole
matching section would be exposed to the

'J.R nte, KD&GLF, “An Easy Dual-Band
VHFUHF Antenna,” 25T, Sep 1904, pp61-
62,

Figure 2—This
EZMNEC plot shows
the difference in the
radiation patterns
between a vertical
half-wawe radiator
operated at its
fundamental

146 MHz) and third

rmanic (445 MHz).

At the fundamental,
most of the energy
is directed at right
angles to the
antenna—and to
distant receivers.




The DBJ-2: A Portable VHF-UHF
Roll-Up J-pole Antenna for ARES

WBOION reviews the theory of the dual band 2 meter /70 cm [-pole
antenna and then makes detailed measurements of a practical, easy to
replicate, “roll-up” portable antenna.

has mow been more than three
years since my article on the

Edison Fong, WBGIQN
dual band J-pole (DBI-1}

t appeared in the February 2003

issue of (O5T.' I have had over 300 inguires
regarding that antenna. Users have reponted
good results, and a few individuals even
built the antenna and confirmed the reponted
measurements. Several major cities are using
this antenna for their schools, churches and
emergency operations center. When asked
why they choose the DBJ-1, the most com-
mon answer was value, When budgets are
tight and you want a good performance-to-
price ratio, the DBJ-1 {Dual Band J-pole—1)
15 an excellent choice.

In quantity, the matenals cost about 35 per
antenna and what vou get 1s a VHEUHF base
station antenna with A2 vertical performance
on both VHF and UHF bands. If a small city
builds a dozen of these antennas for schools,
public builldings, etc 1t would cost about $60.
Mot for one, but the entire dozen!

Since 1t is constructed using PYVC pipe. it
i1s UV protected and it 1s waterproof. To date
I have personally constructed over 400 of
these antennas for vanous groups and indi-
viduals and have had excellent results. One
has withstood harsh winter conditions in the
mountains of MoCall, Idaho for four vears.

The most common reguest from users
is for a portable “roll-up” version of this
antenna for backpacking or emergency use.
To address this request, 1 wall descnbe how
the principles of the DBJ-1 can be extended
to a portable roll-up antenna. Since it is the
second version of this antenna, [ call it the
DHJ-2.

Principles of the DBJ-1

The earier DBI-1 is based on the I-pole,?
shown in Figure |. Unlike the popular
ground plane amtenna. it doesn’t need ground

'Motes appear on page 00,
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Figure 1 — The original 2 meter ritbon
J-pole antenna.

radials. The [¥BJ-1 is easy to construct using
inexpensive matenals from vour local hand-
ware store. For its simplicity and small size,
the DRJ-1 offers excellent performance and
consistently outperforms a ground plane
antenna.

lis mdiation pattern i close to that of an
ideal verical dipole because it 15 end-fed.,
with virtually no distorion of the radiation
pattern due to the feed line. A vertically
polanzed, center-fed dipole will always have
some distortion of its pattern because the
feed line comes out at its center, even when a
balun 15 wsed. A vertically polanzed, center-
fed antenna s also physically more difficult
to construct becanse of that feed line coming
out honzontally from the center.

The basic J-pole antenna is a half-wave
vertical configuration. Unlike a vertical
dipole, which because of its center feed 1s
usually mounted alongside a tower or some
kind of metal supporting structure, the radia-

tion pattern of an end-fed J-pole mounted at
the top of a tower 15 not distorted.

The J-pole works by matching a low
impedance (50 £1) feed line to the high
impedance at the end of a 372 vertical dipole.
This is accomplished with a 3/4 matching
stub shoried at one end and open at the other.
The impedance repeats every A2, or every
3607 around the Smith Chart. Between the
shorted end and the high impedance end of
the 2.4 shorted stub, there 1= a point that 1s
close to 50 £2 and this 15 where the 50 £ coax
15 connccted.

By expenmenting, this point 1s found to
e about 1% inches from the shorted end on
2 meters. This makes intuitive sense since
500 1= closer to a short than to an open cir-
cuit. Although the Smith Chart shows that
this point 15 slightly inductive, it 1s sull an
excellent match to 50 €2 coax. At resonance
the SWER 15 below 1.2:1. Figure | shows
the dimensions for a 2-meter J-pole. The
15% inch A4 section serves as the guarter
wave maiching transformer.

A commonly asked gquestion is, “Why
15% inches?" Isn't a 34 at 2 meters about
18% inches? Yes, but twinlead has a reduced
velocity factor (about (L8) compared to air
and must thus be shortened by about 205,

A conventional J-pole configuration
works well because there is decoupling of
the feed line from the A2 radistor element,
since the feed line 15 in line with the radia-
ing A2 element. Thus, pattern distortion 15
minimized. But this only descrnbes a single
band VHF J-pole. How do we make this into
a dual band J-pole?

Adding a Second Band to the
J pole

To incorporate UHF coverage into a WVHF
J-pole requires some explanation. (A more
detatled explanation 1s given in my February
2003 Q5T article.) First, a 2 meter antenna
does resonate at UHE. The kev word here s

- March 2007 1



An Omnidirectional Gain Antenna
for UHF without Radials

Challenged by a client to design ¢ unique antenna for UHF, WB6IQN came up
with a product that surprised him by the increase in gain over the typical
collinear antenna. Here s his design adapted for the Amateur Radio Service.

ray last wticle on antennas in QST

Since then, with the help of my grad-
waie students, we huve delivered over
5000 of both the base station (D1 1) and
portabie {DBJ-2) duil-bind J-pole unten-
nas!-2, These antennas have weon use in
both amateur und commercinl deploy-
ment, | usually get my new ideas from
fellow hams since they ure the ones who
se these antennas on u duily basis,

The antenna presented in this article
came about throagh o request from a com-
mercial telemetry company, AC Duoghty
Inc. in New Jersey . It had 0 very interest-
ing regquest which 1 am sore is who shared
by the hamn community, AC Dusghty Inc
makes telemotry equipment that transmits
on the comemencial UHIF bund (465 MH2)
inameshed network. s appbication trans-
mited low power (hess than + 3 dBm). In
the extreme. they would hiak 10-15 miles

Ithuhunﬁ\rmnmlpdinhod

Seamail: <odfimy® bece ovg>

By Ed Fong,” WBéIQN

per hop. They azeded more than justa rob-
ber duck amenns or 2round plane snten-
na. Here 1 a condensed summary of the
specifications:

1. The antenna needed 10 be Jow cost
(under $30).

2.0t needed a gain of ot leaxt +5 dB
over a '/ whip that was placed on top
of the traasceiver metal cubinet.

1. The antenna had w withstand ex-
treme outdoor wenther conditions with
winds aver 100 mph und harsh winter
conditions in New Jersey.

4. Absolutely no radials (or other pro-
truding slements) doe to increased wind
load and birds perching on themn. With
hundreds deploved in 4 meshed network,
they had to be muintenance free. | wan
wld that just one field service cull cost
the company over S200

AC Daughty basically wanted what
cvery ham desires —low cost, high per-
formance, and good schiability. The high
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Figure 1. A 2 clement collinear, uving o ground plane ax the root anteana. The voli-
age and phase are shown on the right.

wind hoad requirement, cost, and relis-
ity eliminuted & multi clement beam as
2 solation. It 1s ushikely tha one could
build & multi - clement beam withost com-
plax machined pans for the tanget price.
Abw, cach one would then noed to be
individually adjusted for best perfor-
munce and periodically checked for
detuning. In the norheustern United
States, an oxpoved gamma mutch (as nsed
in & beam mmtonnz) would only last, at

12 % rdsting clemenst
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Figure 2. Many copmercial antenna
minfic tivers uxe the "2k sleeve in place
of the radialy for dorh durability and o
slightly lower angle of radiasion. Dius to
the ligh impedance at the end of the /42,
seeve nreracting with the coux chiefd,
SWR of this configuration ix wwally high.

8 « covir « Summer 2012
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A Tri-Band Antenna without Radials for
2 Meters, 1.25 Meters, and 70 Centimeters

An innovative revision of a design the author originally published in Q5T in 2003,

Edison Fong, WBEIGN, and
Tessa Fong, KJEQXM

Twenty vears ago, a single-band
handheld transceiver would have been
adequate for most emergency activi-
ties, because they were conducted on
WHE Today, both VHF and UHF are
used for emergency communications
by orgamzations such as ARES and
RACES. In some arsas, even the UHF
amateur band 1s full. This was the
primary motvation for introducing

[Edisan Fong, WEGIGM, photo]

the DBJ-1 dual-band J-pole and the
DEBIJ-2 roll-up portable version. 1 2 Ed-
1son, WHAIOMN, and his students have
balt thousands of these over the last
10 vears for vanous ARES/RACES
clubs and govemment agencics.

An often-repeated request was
whether the 1 25-meter band could
be sdded to the DBI-1. In the San
Francisco Bay Arca. 1.25 meters has
some FM voice channels, but its most
important wse 15 for packet radio.

Since the development of Cutpost
Packet Message Manager by Jim
Oberhofer, KMAPE, |.25-meter packet
is not only popular in the Bay Area,
but has spread nationwide 3 Thus,

one antenna that covers 2 meters,

1.25 meters, and 70 centimeters would
be very desirable. This would simplify
the need for multple antennas dunng
an emergency deplovment. The 1.25-
meter band is not harmonically related
io any other ham band, and thus, is
antenna dimensions for that band ane
not related to those in the 2-meter or
T0-centimeter band. This makes im-
pedance matching difficult, and the
construction of such an antenna is not
obwvious.

If you already own a dual-band
DBI-1, this article will explain how to
include the 1.25-meter band by
adding some wire, a longer piece of
RG-174 lead-in coax, and replacing
the 5-foot section of PYC pape with
a b-foot picce. After maybe an hour's
worth of work, you will have a TEJ-1
— atri-band J-pole — as shown next
to Tessa Fong, BJS0QXM, in the lead
phioto.

Reguirements for an
ARES/RACES Antenna
Interviews with multipl: emergency
coordinators, incliding Amencan
Red Cross and FEMA personnel
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Figurs 1 — Tne ariginal DEJ-1 dual-nand
J-pale shows the B0prodmass dimansions
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Inch 00 Class 200 PYC plpe.
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DBJ-1 - was developed because folks ask whether
there was a simple way to convert a 2 meter J-
pole into a dual band J-pole

DBJ-2 was developed from the successful
performance of the DBJ-1 but folks requested a
portable version.

DBJ-UHF was developed from a grant from AC
Daughty to develop a low cost medium gain MESH
antenna for UHF.

220 MHz not only has repeaters but has become a
default band for packet. This is because its
modulation is very dense and thus can cause
interference to voice channels on the same band.



Many request for a Tri band base antenna
Not harmonically related to 2 mt or 70cm.

Very difficult.

ARES/RACES /FEMA - requirements

* Must be easy to erect during an emergency. One
piece construction desirable.

 Low cost. Certainly far less than commercially
available tri band antennas which retail in the
$150 range.

* Good performance

e 5-6ftorsoinlength and radial free for durability.

* Single feed line for VHF/UHF/220MHz operation.
So one antenna works for all bands.



Can the popular DBJ-1 dual band base antenna be
adapted to also work at 220 MHz with minimal changes
and no degradation of performance at 2 meters and
70cm?

Review of the Literature
J. L. Harris - Stack tri band J-pole QST 1980
Suffers the same problem of 2 mt section radiating at UHF.

Comet CX-333 $162 uses 3 radials (uses traps)
Diamond — X3200A $164 uses 3 radials (uses traps)

D. Mariotti — Heavy Duty Multi Band Vertical Antenna — CQ
October 2015 (very expensive)
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Review of a Dual Band VHF/UHF Antenna

No inductors, no capacitors, because they are not
easily reproduced.

| tried all types of configurations, but this one
seems to work the best.

Basically matching is the same at VHF and
UHF.

A 1/4 wave decoupling stub (RG174) is used at
UHF
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The original 2 meter ribbon J-Pole.



EZNEC
PROGRAM FILE. 3RD HARMONIC iy i

3rd Harmonic

Fundamental

146 MHz

Horizontal pattern of fundamental and 3
harmonic. At the third harmonic most of the

energy is launched at 45°,



Copper J limited to VHF due to minimum
spacing of the parallel pipes. Does not work well
for 70cm.



A

Arrow — VHF/UHF J-pole — does not have
decoupling at UHF.



oLIM JIM

172 wave

|| EHEH:A 1/4 vave

Center conductor
to longest side

According to Dr. Larry Cebik and myself, there is NO validlity
to the Slim Jim. Every simulation we have done and physical

models both Dr. Cebik and myself have built give the same
results as a J-pole.



300 ohm
twinlead

Short topside of —»
RG174a

T

41/4” RG174a

I

11

1/4
Cutouta 1/4” —»

notch T
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l/4”
1

/4

Splice and short together

RG174a
coax

The 2 meter J-pole modified for both VHF and UHF
operation.
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Approx. 50 chm
points

RG174A cables

Cutouta 1/4” —
notch
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coax to
connector
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1/4\

L

voltage and
phase
distribution

Splice and short together

The two element UHF phase conlinear with the voltage and phase given
on the right. Dimensions are given for insertion into % inch 200 PSI pvc

pipe. US patent 8,947,313



but during transmit, the SWR needle
was jumping all over the place. One of
these installations was almost in the
desert and the other was close to the
ocean, on different sides of mountain
ranges. One week, the station tested
flawlessly; two days later, after a rare
rain event, another test was conducted
and the result was that the equipment
was receiving, but not transmitting.
Upon examination, the most inexpen-
sive component of the entire installation
was intermittently failing — the amateur

CO-35AN
52MHz

ANT450D
406-512MHz

ANT150D
138-174MHz

ANT220D
216-252MHz

2-inch 0.D. SCH80
84-Inch Long
Aluminum Mast

Figure 1. Basic configuration of the
four-band commercial amateur radio
antenna.

Figure 2. Single-line drawing of an-
tenna and transceiver connectivity. —m

To
ANT 220D

To
ANT 150D
A

o
ANT 450D

CFX324B

To
CO-35AN

T

CF-530C

Coax
Cable

Roof

CF-530C

To
6M Alinco

CFX324A

!

3 el
220 Alinco

A
O,
2M Alinco

To
440 Alinco

Visit Our Web Site

Duane Mariotti — CQ October 2015




Quad Band #1
(ToA.E.0.C.)

Photo C. Weatherproof housing at base of four-antenna  Photo D. Quad-band amateur radio antennas installed on
mast. Note this is an early picture. The top connector has hospital roof.

since been moved to the bottom to prevent moisture poten-

tial — though that has not been an issue recently in light of - antenna for the railroad industry and amateur radio. After
California’s severe drought. some work and experimentation, KPARN developed a very

Duane Mariotti — CQ October 20156



445 MHz % A stub

220 MHz % A stub

146 MHz % A stub

Q—_:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

The shield side of the RG174 is
soldered onto the main pole and the
center conductor is soldered onto the
% A stub.

UHF performance is quite poor-
transmission line matching is poor
due to the wide spacing of the
copper pipe. Itis about 2 inches.
300 ohm twinlead which has a
spacing of about % inch is much
more ideal.

Attach all three RG174 lines to a single fee.

Figure 4 - Tri-band J-pole. (J. Harris) The three RG174a cables are combined at
the bottom. The shield side of the coax at each of feedpoints is soldered to the

main copper pole.



300 ohm twinlead

37 1/4”

Cut out a 1/4” notch—»

Splice and short together

RG174 coax

Figure 1 The dimensions of the original 2 meter 300 ohm ribbon
J-Pole for insertion into % inch 200 psi pvc pipe.



300 ohm
twinlead

A 4

Short topside of RG174a —> ‘—T—

1
1
1
| 41/4” RG174a
1
1

11 1/4”

)
1

/4
Cut out a 1/4” notch—»
15 1/4”

11/4

Splice and short together

RG174a coax

Figure 2 The original DBJ-1 dual band J-pole. with detailed dimensions for
insertion into a 3/4 inch Class 200 PVC pipe.



300 ohm twinlead

i A
Cut out a 1/4” notch—> —f
9[’

—3[411

Splice and short together

RG174a coax o

Figure 3 - 220 MHz 300 ohm ribbon J-pole with dimensions for
insertion into % inch 200 psi pvc pipe.



Prototype was made of
1/2 inch copper pipe.

—_————————=L.

Attach both RG174 cables for single fee.

Figure 5 - Dual band J-pole with a 220 MHz copper pipe J-pole
attached at the bottom. With the lead -in coax, total length
approaches 8ft. Not practical for implementation although triband
operation is achieved.



12” 12"

7

Splice and short together

Figure 6 - Dual band J-pole with a 220 MHz horizontal dipole.



12 “

Splice and short together

Figure 7 - Tri band antenna with semi vertical polarization. Not
practical for implementation.



12 inches of coiled wired

12 inches of coiled wired

RG174a coaxial cable

Figure 8 - Tri band antenna with helical loop which allows for
insertion into a % inch pvc pipe. Total length is 5 % feet which isa
practical length for % inch 200 psi pvc pipe.



Perfect vertical field line

]l

Figure 10 Showing the directions of the magnetic field being
driven by a current. The fields are not disturbed if the coil is
perfectly symmetric and an ideal thin wire is inserted at the
exact center.
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Figure 11 - Tri band antenna with helical loop (not drawn to scale)
which allows for insertion into a %-inch PVC pipe. Total length is 5
% feet which is a practical length for a % inch 200 psi PVC pipe.



Full Size Dipole vs. Coiled Dipole with 12 ft of wire through the center
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Figure 14 Feko [5] simulation of an ideal dipole at 220 MHz supper
imposed on the coil dipole with 12 ft of #14 coated wire (mimics RG174A
coax) through the ideal center of the coiled dipole.



Figure 12 Tessa Fong, KI6QXM, standing next to the completed
triband antenna mounted on a roof vent pipe.
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Figure 11 - SWR measurements on 2 meters, 220 MHz
and 70cm. All within acceptable limits.



Conclusions - Presented here is a novel base station
antenna which covers the VHF (2 meter), 220 MHz, and
70cm amateur band. Matching is excellent on all three
bands and can be tuned independently. This antenna meets
the demands set by ARES/RACES group for ruggedness, easy
deployment, and performance. It requires no radials, is
totally weather protected, and only 5 % feet tall.
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CountyComm GP5/SSB

The latest and best portable hand
held HF SSB receiver in the
world. Fully software defined
using the SiLabs 4734 DSP chip.
Has software defined product
detector and DSP SSB filters for
true LSB and USB. 450
memories

$60 Stereo earphones, external AM ferrite antenna, external
shortwave antenna, soft carrying pouch, and user manual

Frequency Coverage —

MW/ AM: 520 — 1710 kHz (10K tuning step)

SW: 1.7-30 MHz AM/SSB/CW (with DSP SSB filters)
LW frequency: 150 — 522 kHz AM/SSB/CW

FM: 76 — 108 MHz — stereo

Displays ambient temperature in Fahrenheit or Celsius
Operating time: 225 hrs at 40% Volume

LCD Backlight



DBJ-1 dual band base antenna - available in HAM (144-148
MHz and 440-450 MHz) or Commercial (152-157 MHz and
460-470 MHz) $30

DBJ-2 dual band roll up antenna - available in HAM (144-
148 MHz and 440-450 MHz) or Commercial (152-157 MHz
and 460-470 MHz) includes 6ft extension, BNC, SMA and

SMA female adapter $28

TBJ-1 triband base antenna 2mt/220 MHz/70 cm — $60 -
includes shipping with 6ft of pvc pipe.

50 ft RG8x coax cable with molded PL259 connectors
$25

6ft extensions cables (BNC male to BNC female $5

BNC — female to PL259 (adapter for roll up DBJ-2 to
mobile or base) $2



