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n Born in Schenectady, New York

n B.S.E.E. Case Institute of Technology,
CWRU, Cleveland, Ohio

n Retired, 45 years in Silicon Valley

() Uiy flex + sarups
n Husband, 5 grown kids, 6 grandchildren

Website: kj6er.net
Email: greg@Kkj6er.net
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KJ6ER Antennas Conte#lwayskFreeon KJ6ER.net

RADIO STATION AMATEUR EXTRA

ITU ZONE 6 €Q ZONE 3

LICENSED 1987 -

KJGER

GREG MIHRAN

Always-free portable antenna plans for the every-ham.
Computer modeled, homebrewed, and field-tested.

CAMPBELL, CA GRID CM97AG

Shop Assembled Antennas

If you are unable to homebrew your own KJ6ER antenna, or do not have the time,
you can purchase assembled, handmade antennas and accessories at our Etsy
store. Feel free to browse through all of these high quality products. Since June
2025, over 200 products have been sold with over 50 5-star reviews.

VISIT J-SYSTEMS ON ETSY ~

@ Free Antenna Plans

Here are my always-free antenna PDFs which are grouped by type. Scroll through the
entire list or use the filter to narrow your search. These are all living documents. They are
continuously being improved over time. Check back often for the latest revisions.

Q Filter by name, band, or category...

@ QUARTERWAVE VERTICALS 73

PERformer

DOWNLOAD PDF -

40M-6M - Omni/Directional Elevated Tuned Linked Radials
PERformer NVIS

DOWNLOAD PDF -
40M-6M - Omnidirectional High Angle Radiation Variant

& Antenna Geeks Email List

Sign up to receive my monthly Antenna Geeks newsletter and you'll be first to get
access to new KJBER antenna designs, enhancements, and many other ham radio-
related topics. Be sure to add my newsletter domain, kj6er.net as a safe sender in
your email platform so | don't end up in your junk folder.

EMAIL KJ6ER TO JOIN -

@ Favorite Ham Radio Sites

A curated list of my favorite ham radio websites that | use everyday.

HamDash
Ham Radio Dashboard

VISIT SITE ~

SolarHam
VISIT SITE -

Space Weather

2 Press & Interviews

Take a look at KJBER press coverage and watch one-on-one personal interviews.

YOUTUBE - MAY 2026 Interview with Stu Crawford VE9CF - Solar Minimum

YOUTUBE - APR 2026 Interview with Stu Crawford VE9CF - Antennas Family

® Monthly Newsletters Archive

Browse through all the past issues of the Antenna Geeks monthly newsletter. Sign up to
receive these each month above.

Q Filter by month or topic...

May 2026
Summer Field Day and KJ6ER Antennas

READ NEWSLETTER -

April 2026
Sporadic-E and 6M Antennas

READ NEWSLETTER -

March 2026
KJ6ER Antennas Family

READ NEWSLETTER -

greg@Kkj6er.net
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Always-Free PDFEsfor the Amateur Radio Community!
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June 2025

Announcing the
Winners of the

2024 QST Antenna
Design Competition

The 2024 QST Antenna Design Competition sought
entries in three categories: “160 Meters, LF or VLF" "80
Through 10 Meters,” and “6 Meters and Up.”

After weeks of evaluating the more than 300 pages of
material supplied in the entries, as well as generating
their own models, the judges have made their decisions.

First Place entries will be awarded $500, Second Place
entries will receive $250, and Third Place will receive
$100. All entries listed here will be published.

QST extends sincere thanks to all the entrants, as well as
our gratitude to the ARRL Lab staff and the QST Tech-
nical Editors for serving as the judges.

Revision: July 2026 5

160 Meters, LF or VLF

First Place: Bob Glorioso, W1IS, and Bob Rose,
KC1DSQ, “An All-Band 160-Meter OCF Antenna”

Honorable Mention: Jim Spaulding, WQUO,
“Ground-Independent Beverage on the Ground”

80 Through 10 Meters

First Place: Jacek Pawlowski, SP3L, “Multi-V
Rotary Broadband Antenna for the 14-30 MHz

Range”

Second Place: Greg Mihran, KJ6ER, “PERformer
(Portable, Elevated, Resonant) Antenna”

Third Place: Yasuhiro Kawai, JHIKOJ, “Exponential
Spiral Antenna”

Honorable Mention: David Cutter, GBUNA,
“80-Meter Portable Yagi-Uda Three-Element Array
for Field Day, SOTA, or IOTA"

Honorable Mention: Hajime Nakajima, JR10AO,
“Deskiop MLA”

6 Meters and Up

First Place: Fred Lass, K2TR, “The Tomato Stake
Antenna: An Optimized 6-Meter Array”

Second Place: Charlie Dieterich, N2CTW, “Rigel-6
Antenna”

Honorable Mention: John Post, K7SKI, “Adjust-a-J
Antenna”

Csweariors 087 June 2025 55
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5 pages long

. ARRL Amateur Radio’
Seplember 2025 Swww.arrl.org
HI D ENTIRELY TO'AMATEUR RADIO

The PERformer — A Portable, Elevated,
and Resonant Quarter-Wave Antenna

This antenna won second place in the 80 through 10 meters category of the 2024
QST Antenna Design Competition; it covers 40 — 6 meters.

Greg Mihran, KJ6ER

| developed the PERformer quarter-wave antenna
primarily for portable operations. Extensive computer
modeling in 4NEC2 provided optimal whip and
elevated tuned radial lengths for each of the bands.

| typically measure a standing wave ratio (SWR) of
1.20:1 or better on each of the bands, so an external
antenna tuner is not needed. Through extensive
modeling, | have found that this elevated vertical is
extremely effective, with high radiation efficiency of
more than 90 percent on the 20 — 6-meter ham bands.
Here, | will focus on the assembly, testing, and opera-
tion of the PERformer. The technical details can be
found at www.arrl.org/gst-in-depth.

PERformer Description

The PERformer consists of a telescoping vertical
element (radiator) and two elevated, tuned linked
radials oriented 90 or 180 degrees apart. Within the
radials’ 90-degree span, it provides modest 0.3 —

0.5 dBi gain and a 3 — 4 dB front-to-back ratio at a
24-degree takeoff angle. For an omnidirectional radia-
tion pattern, the two elevated radials are placed 180
degrees apart (opposite each other). Having elevated,
tuned linked radials dramatically reduces near-field
ground losses and increases radiation efficiency,
versus a purely ground-mounted vertical with ground-
coupled radials, window screen, or Faraday cloth. |
modeled different numbers and spans of elevated
radials, and | concluded that having more than two
radials provided little benefit. Also, two elevated radials
provide slightly more antenna gain, efficiency, and
improved SWR than a single elevated radial. A good-
quality RF choke must always be inserted directly at
the feed point so that the coaxial feed line does not
become part of the antenna system. A pictorial of the
PERformer is shown in Figure 1, including the radial
lengths for each band. Summarized notes on the radial
system are in the sidebar, “PERformer Radial System,”
and these further illustrate Figure 1. Table 1 is my
recommended list of parts; it includes links to where

| sourced some products, but you can find several of
them elsewhere.

30 September 2025

The PERformer on a PVC mount.

PERformer Construction

This telescoping whip covers 20 — 6 meters. For 40
meters, install an inductor (such as the Wolf River
Coils Sporty Forty or the Chameleon CHA M-COIL) at
the base of the whip. Clip the two 20-meter, 16.5-foot
radials end to end with the two fiberglass stakes (one
in the center and one at the end) to make one elevated
33-foot, 40-meter radial. While it works well, the effi-
ciency will be lower than on the higher bands due to
loading inductor Q, the lower radiation resistance of
the shortened vertical element, and the single elevated
radial.

| prefer using a PVC spike mount for my deployments,
but you can use a lightweight tripod instead. A 40-inch
furniture-grade PVC tube and the Chameleon spike
mount permit me to easily reach the telescoping whip
to adjust it for the desired band. Furniture-grade PVC

[.IET Septemiberr 2025

Telescoping whip

12 meters

. 10 meters
Mirror

mount

/ connectors

10 meters

6 meters
415"

12 meters
~52 inches 16"

15 meters

Spade or bullet

15 meters

17 meters

24"

17 meters

Q82509-Mihran01

Paracord 4-inch
segment (movable)

20 meters

.

Mueller
clip

Non-conductive
fiberglass stakes

20 meters 49 /

Paracord
4-inch segment Mueller
(movable) clip

Figure 1 — A diagram of the PERformer, with radial lengths for each band. Insert a movable, non-conductive segment to select the

desired radial length.

has thicker walls than regular PVC and will provide
good support, especially in windy conditions.

For the top PVC end cap (see Figure 2), drill a %-inch
hole for a %-24 fine thread bolt, and secure it with a
1%-inch x %-24 coupling stud on the outside. Split
lock and fender washers provide a tight fit. The bolt
connects to a mirror mount with a %-24 coupling nut
and an SO-239 connector on a short, base-threaded
aluminum rod. The Chameleon 17-foot telescoping
whip screws into the coupling nut.

For the bottom PVC end cap (see Figure 3), drill a
%-inch hole for a 1%4-inch x %-24 bolt to connect with
the Chameleon spike mount. | typically try to insert the
spike about halfway into the ground for a stable base.
In moist California soil, | can push the spike in the
ground with my hand. If | am in a location with harder-
packed soil, | use a rubber mallet to tap it in. With the

PERformer Radial System

Each band that the PERformer covers requires
two elevated, tuned radials that are 90 degrees
apart; these are connected to the feed-point
ground by a Mueller clip.

Each radial is terminated by another clip to a non-
conductive fiberglass stake, which is inserted into
the earth.

Incremental radial lengths are interconnected by
spade or bullet connectors for fast, easy band
changes in the radial lines.

Fiberglass stakes can be moved to accommodate
each radial length. However, a better option would
be to insert a short, non-conductive segment
(e.g., a 4-inch paracord with connectors) into the
wire line; this would terminate the radial at that
point without the need to move the stakes for
each band change.

September 2025 31
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The PERformer — A Portable, Elevated,
and Resonant Quarter-Wave Antenna

This antenna won second place in the 80 through 10 meters category of the 2024
QST Antenna Design Competition; it covers 40 — 6 meters.

Greg Mihran, KJ6ER

| developed the PERformer quarter-wave antenna
primarily for portable operations. Extensive computer
modeling in 4NEC2 provided optimal whip and
elevated tuned radial lengths for each of the bands.

| typically measure a standing wave ratio (SWR) of
1.20:1 or better on each of the bands, so an extemnal
antenna tuner is not needed. Through extensive
modeling, | have found that this elevated vertical is
extremely effective, with high radiation efficiency of
more than 90 percent on the 20 — 6-meter ham bands.
Here, | will focus on the assembly, testing, and opera-
tion of the PERformer. The technical details can be
found at www.arrl.org/qst-in-depth.

= | Congratulations

September 2025
QST Cover Plaque Award Winner

Greg C. Mihran
KJOER

In his article, “The PERformer — A Portable,
element (radiator) and two elevated, tuned linked
Elevated, and Resonant Quarter-Wave Antenna,” | ras oieried or 160 cegres spat Witk e
% X = radials’ 90-degree span, it provides modest 0.3 -
Greg outlines the assembly, testing, and operation | 05dsiginanda3—4d8 irontio-back ratioata
: : 24-degree takeoff angle. For an omnidirectional radia-
of his PERformer quarter-wave antenna, which

tion pattem, the two elevated radials are placed 180 The PERtormer on a PVC mount.
earned him second place in the 80 through 10

PERformer Description

degrees apart (opposite each other). Having elevated,
tuned linked radials dramatically reduces near-field
ground losses and increases radiation efficiency,

meters category of the 2024 QST Antenna Design

Competition.

QST Cover Plaque Awards are given to the
author or authors of the most popular article in
each issue. You choose the winners by
casting your vote online at

www.arrl.org/cover-plaque-poll

Log in now and choose your favorite article

in this issue!

versus a purely ground-mounted vertical with ground-
coupled radials, window screen, or Faraday cloth. |
modeled different numbers and spans of elevated
radials, and | concluded that having more than two
radials provided little benefit. Also, two elevated radials
provide slightly more antenna gain, efficiency, and
improved SWR than a single elevated radial. A good-
quality RF choke must always be inserted directly at
the feed point so that the coaxial feed line does not
become part of the antenna system. A pictonial of the
PERformer is shown in Figure 1, including the radial
lengths for each band. Summarized notes on the radial
system are in the sidebar, “PERformer Radial System,”
and these further illustrate Figure 1. Table 1 is my
recommended list of parts; it includes links to where

| sourced some products, but you can find several of
them elsewhere,

PERformer Construction

This telescoping whip covers 20 — 6 meters. For 40
meters, install an inductor (such as the Wolf River
Coils Sporty Forty or the Chameleon CHA M-COIL) at
the base of the whip. Clip the two 20-meter, 16.5-foot
radials end to end with the two fiberglass stakes (one
in the center and one at the end) lo make one elevated
33-foot, 40-meter radial. While it works well, the effi-
ciency will be lower than on the higher bands due to
loading inductor Q, the lower radiation resistance of
the shortened vertical element, and the single elevated
radial.

| prefer using a PVC spike mount for my deployments,
but you can use a lightweight tripod instead. A 40-inch
furniture-grade PVC tube and the Chameleon spike
mount permit me to easily reach the telescoping whip
to adjust it for the desired band. Fumiture-grade PVC
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My PortableAntennasDesign Principles

n Redesign classic antennas with fresh implementations for portable use
n Develop designs, share free PDF plans,actively interact with builders

3 Design Principles:

o V e

—
o= <
=)
Highly Efficient & Effective  Fast & Simple Deployment Easy to Pack & Transport
(Resonant, OneBand-at-a-Time) (Setup and Takedown) (Backpack, Picnic Table, HOA)

90% efficient or more 5 minutes or less 5 pounds or less

Performance Elegance Convenience

KJ6ER
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Portable Antennas frormheoryto Real\World Deployment

KJ6ER Antennasdesigns efficient and effective portable antennas for theevery-ham that
focus on the optimal integration ofperformance (high radiation efficiency), elegance
(speed and simplicity of deploymen) andconvenience (ease of transport and storagé.

Theory Modeling Backyard wmsp POTA Parks
(Math, Physics) (ANEC2) (Campbell, CA) (California)
5% of my time 15% of my time 80% of my time RealWorld EVaIuation

Antenna Users
(Over 100,000 Worldwide)

KJ6ER
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KJ6ER Antenna¥inkerToys® Components

Portable Antennas Designed to be Built from Components in yottam Radio Stuff Box

Pk We UT WN T kUnuns and Baluns

| 18 AWG
| Telescoping Silicon -Coated

Whips _ Wire

P Tripods or
PVC Tube/Spikes o ol Non-conductive
- = € :
Mirror Mounts L! RE= T = Nylon Line
RF Chokes Mueller®
Clips

Wago® Wire
Connectors  Ferrules

KJ6ER
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Understanding a

Few Antenna Fundamentals
(Keeping itHigh-Level)
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Field Regions Around an Antenna

A\

Reactive
near field

Radiating
far field
(Fresnel)

Revision: July 2026

The effects of the ground and thartificial ground system are twofold:

n Near the antenna (in theeactive near field, you need a good
ground system tocollect the antenna return currents without
losses. This will determine theradiation efficiency of the antenna.

V' Operators havereasonable control over the radiation efficiency.

n At distances farther away (in theadiating far field the Fresnel
zone), the wave is reflected from the earth and combines with the
direct wave to generate the overall radiation pattern. The absorption
of the reflected wave is &unction of the ground quality and the
Incident angle . This determines thereflection efficiency .

V' Operators havelimited control over reflection efficiency.

Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010) KJ 6 ER
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Understanding Antenna Impedan@amplex Number)

n Relates the sinusoidal voltageV to the current| at
the input to an antenna and varies witlirequency.

n Consists of two components:

V Resistanc® (real) represents power that is either
radiated away orabsorbed within the antenna.

Impedanc& = R Nj X (ohms)
R = Resistanc@eal number)
] d (im&ginary number)
X = Reactanc@nductance, capacitance)

V Reactanc& (imaginary) representsnon-radiated

o n Impedance& (x, y point : .
maginary . ReZistancR ((:(e;; 'i;xi)s) power stored in the near field of the antenna.
Z o N

X i A Reactance (maginary, yaxis): |, pqor o 50 transmission line (coax),perfect

|Z| | (+)inductive, () capacitive . . . .

i | q Maanitude: impedance ispurely resistivee Z=50+)Q
A e / lr;:o_eaanéee N fzg)n' Hae. where the voltage is irphase with the current.
! R 2 PhaséAiarctan( X / R) This is considered aesonant antenna.

n If impedance ispurely imaginary. Z =0 + | 5Q
the voltage leads the current by 90 degrees.
This is considered avery bad antenna.

Inductors and capacitors introduce aphase shiftbetween
voltage and current butdo not dissipate energy:

Xinductor L= 2 f L, where L = Inductancenénrys > current lags

XCapacitor: -1/ 2 f C, where C = Capacitancéfads > current leads K J 6ER
Revision: July 2026 13 © 2026 by Greg Mihran, KJ6ER California
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Antenna as a Series RLC Network

L V="V +Vo, “n An antenna can be thought of as aomplex resistance, inductance
, I=1I,=1Ic.. . : : . .
§ L and capacitance (RLC) network irseries. At some frequencies, it
v | Resonant frequencf will appear like acapacitive reactance (%), while at others, like an
== XL =Xe Inductive reactance (X). At theresonant frequency, these
' fo=—or= 5 \jm reactances will be equal in magnitude, but opposite in influence,
. canceling each other out. Atresonance, the impedance is at its

minimum being purelyresistive (real,Z =R + | X where] X = 0)and
efficiency (current in the circuit =I) is at itsmaximum.

X

Reactance,

n When an antenna is not at its resonant length, the voltage sourc¥)
will see something other than pure resistanceR). In this case, the
impedance is nowcomplex which includes reactance X):

V If the antenna istoo short, capacitive reactance (X.) Is present. To
resolve this imbalance,inductance is added to offset capacitance.

» V Ifthe antenna istoo long, inductive reactance (X ) will be present. To
resolve this imbalance,capacitance is added to offset inductance.

Resonance frequency, fr Frequency, f

A

n
>

Antenna too short = Antenna too long

Linx cadence KJGER

Revision: July 2026 14 © 2026 by Greg Mihran, KJ6ER California
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Radiation Resistance (B andLoss Resistance (R)
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Rrad+ RI

0SS

n Radiation resistance (R,gy)Is thetotal power radiated as

electromagnetic waves in all directionsTt productive energy .

Resonance when
Reactance (X) =0

n Loss resistance (R,..)includes conductor RF resistance, losses of
insulators and loading elements, gound lossesof the antenna current
return circuit and goound absorptionin the near fieldt wasted energy.

n Radiation efficiency ( %)is dependent upon the sum of theadiation
resistance (R,,) of the antenna in series with thdoss resistance (R,..).
These make up theesistive (R) part of the feedpoint impedance.

9 Goal: minimize R

Ross converted to heat (vasted)

R.,qconverted to radio waves |jroductive)

Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010)

15
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Loss Resistance (R) Components

Bff = — Rde (Eq 9-4) Ground losses associated with the nearby soil:
rad(B) T Nloss
n Ground losses through the antenna return circuit

Conductor RF resistance include antenna return currents thattravel through the
Parallel losses from insulators ground and back to the feed pointright at the base of
Equivalent series losses of the loading element(s) the antenna impacted byresistivity_( _m) of the soil

Ground losses part of the antenna current return circuit
Ground absorption in the near field

The loss resistance of a vertical is composed of:

Ground Ohmic

n Ground absorption in the near field includes the
conductivity = (mS/m) and the dielectric properties of

Ohmic losses within the antenna: the groundthat determine absorption losses, caused

n Conductor RF resistance includes the conductivity by an electromagnetic wave penetrating the ground.

of the antenna components used.

n Losses from base insulators including dielectric Unless the vertical antenna useslevated radials,
material losses at high voltage points. return current will flow through the lossy ground.

n Equivalent series losses of loading element(s)
providing inductance (coils) and capacitance (hat).

Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010) KJ 6 ER
Revision: July 2026 16 © 2026 by Greg Mihran, KJ6ER California
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Loss Resistance (R of GroundRadials

2 eroumd. < wn o n If onlytwo~ /4 radials are used, the
radials | [ 2 & | Efficiency 105 Rioss = 85 .GivenR._., =37 fora
100 A ical 0SS J _ rad >
T T o5 _?h”;rter_"‘gve vertica quarterwave vertical, theradiation
7 T 6 | 5% yodll| B PE—— WIN Rygg =37, ON efficiency =37, /(37, +85, )=30%.
5 = YET o average ground requires _ o
s | a2 47% 75 at least 80 equivalent n Using that same efficiency formula for
10 | 37 | 50% =B B I " 14 surface radials to other numbers of /4 radials:
0 adlals = .
| 20 | e | 8@ achieve at least90% \/ 4 radials =37% efficiency
16 | 28 57% [ o radiation efficiency. o o
18 | 26 | 59% S s . V' 8 radials =47% efficiency -\
ol Bl i B V 16 radials =57% efficiency
20 | 21 | oun 0 V 32 radials =71%efficiency > 9B
26 20 65% _ o
28 | 18 | 6% T 32 Radials = 150 V 64 radials =84% efficiency /
30 17 69% 60 Radials =8 O - -
2 | 16 | 7o% 'S 40 Meters A( Comparatively, computer models with
40 | 13 4% 0 —WJadG32c¢c qlldl Windicat®a G f LU
50 10 79% 0 10 20 30 40 50 60 70 @ 90 100 110 120 130 . . . .
60 8.2 82% Equivalent # of A/4 Radials on the Ground Rloss ~ 4J ' yleldlng aradlatlon
120 | 06 | 98% efficiency =37, / (37, +4, )=90%.

.

Loss Resistance = MeasuredFeedpoint Resistance- Calculated Radiation Resistance

Source: KN5L, John Oppenheimer (2013%é 131 qqRAc GO UquUU0c¢ct0] | Ye UT IOA¢T Re POXKHGEEF\Q el
Revision: July 2026 17 © 2026 by Greg Mihran, KJ6ER California
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O
o1

Average gain (Ga) [dB]

Loss Resistance (R) of Elevatedluned Radials

f=3.75 MHz
0.005/13 soil
VE2CV

0 modeling data

L=A/4 16 radials/
dB

Owllc HYZ IJW
ground (80M)

-5

0.00001 Ground leve]| 0-0001 0.001

= 0.005 % Height above ground (J) [A]

Source: N6LF, Rudy Severns (QST, 2010)

Revision: July 2026

0.01

n As theradial height above ground is increasegdthe

loss resistance (R,..) is significantly reduced. As
tuned radials are elevated above ground;apacitive
coupling is decreasing as a reciprocal (C A /d).

Even avery small increasein radial heightabove
ground wil make a large difference in losginversely
proportional), especially if number of radials is small.

V' Four 80M ground radials at 0.005% above
ground @ ¢ ! RUDNKOY U 10q §),1h@Bisay 2 U |
least -5 dB loss of potential gain.

V Raising those same4 radials to 0.100%" above

N1 Ya Ul LWel O OM iess Yeduted kb just A Lia
-0.5 dBof potential gain.

n Based upon my field testing, | recommendt least

2% radial elevationor, if possible, 5% radial
elevation above grountb! X O dwLIY U LU= M~ b 1O

KJ6ER
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4 10 64 GroundRadials versus ElevatedRadials

5 QX0903-Severns3-01 6 QX0903-Severns3-
- \ e
5 — =" 5y - D +5 B
. 14 o
% 8=l l’
“E 4 V. ” - ‘g 4
2 - pid : o / Only 4 Radials ElevatedAbove
o 3 / TP , Increasing # of S 3 Ground atDifferent Heights
o 7 Ground Radials o /
o / a /
g ," £ I
c 2 / 7 c 2 - H
= [ - 17 April 08, h = 33.5' | T / 17 April 08, h = 33.5' |
1 o Radial Length = 33' ° . H Radial Length = 33' ]
f No Ground Stakes, ] No Ground Stakes, ||
[ -2 Choke Isolated Choke Isolated |
0 AN\ IR A N 0 & T
o\ 10 20 30 40 50 60 70 00 (05) 10 15 20 25 30 35 40
4 [ Radial Number] [ Height of radials above ground (ft)]
Figure 4 — Signal improvement as a function of radial nhumber. Figure 5 — Signal improvement with four radials and the antenna
All radials lying on the ground surface, F = 7.2 MHz. base at different heights. F = 7.2 MHz.

n 0 dB point is normalized to the signal strength offour ™ /4 radials lying on the surface (0 dB).
n 4 elevated radials at a height of 4 feet are equivalent to sixty -four ” /4 radials lying on the ground.

Source: N6LF, Rudy Severns (QST, 2010) KJ 6 E R
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Antenna Return Current Paths

1 LEDIKO4_DS=41
A : B
,x P . L *HH\ s,
& -~ ! - “ h
[ R \ — Worst case to Best—», X 7€, Voo
J / ] | i ! \ 1 1
| | I | o | I [

| | |
THRT, il P
R

RG, << RG,

| | |
e ey AL, e AT 7T
e I e 4

Ground rod only =

Buried radials =

RG, (ground loss resistance)

(C) / f ~ : (D) _---H‘-M\
" Current Path M~ ~.| vla Coax Shleld
)’( \\ \y 5
* L % “oF/
] X | A
| I;'( A v 1| AN ]'. !
e \: ——
e, A e i
Secondary Curent Path * E|evated radials CMC on coax shieldwithout RF choke
(E) Vert|cal
Fig 9-41—Antenna return current

path for various radial arrange-
ments. See text for details.

y - Y N
Elevaled Radlals

- Currant Balun
DC ground for the | rec
common radial points 1o TX Always use an RF choke at

4 vertical antenna feedpoint!
= J

Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010)
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(A) Using only a ground rod forces return
currents to travel entirely through lossy soill
resulting invery lowradiation efficiency.

(B) Buried radials reduce losses improving
efficiency through low-loss radial
conductors in the ground.

(C) Two elevated radials resulting in2 current
return paths: lossless path through radials
and potentially lossy capacitive path
through soil. Raising radials higher (5%)
dramatically reduces capacity to lossy soil.

(D) Unwanted common mode currents (CMQC)
flow on the coaxial shieldas arandom
length radialresulting in lower efficiency.

(E) Current balun and/or RF choke at
feedpoint significantly alleviates unwanted
common mode currents on coax shield.

KJ6ER
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Ground Mounting versus Elevated Mounting: Efficiency

Ground Mounting

Elevated Mounting

Advantages

B4 The radials are non-resonant so one length
(.1 wl minimum at lowest frequency) works

on all frequencies
B Easy to mount
[ Easy access

B Lower visual profile

M sixteen 0.25 wi (wavelength) radials of lowest
intended frequency give 55%60% efficiency

Disadvantages

Takes 120 radials to equal an elevated vertical with
2 resonant radials (90% efficiency)

Surrounding objects can reduce signal strength

Advantages

[ >90% efficient with two .25 wl radials ]

8 PERformerefficiency avgs90.8% from 20M-6M
Antenna is generally more “in the clear”, so
surrounding objects don’t cause as much

attenuation

Disadvantages

Mounting is generally more involved

Requires two .25 wl radials (minimum) for each
band of operation (radials interact, so spacing will
affect length)

A peaked metal roof will make a very good all- Visually higher profile

frequency radial system

-
Contrary to conventional wisdom the vertical
doesn’t have to be elevated very high, 6 inch-

es elevation results in much lower losses,

even on 80m— 5 feet is just fine for 80m (2% ))

8 PERformer elevated radial end height ranges
from 5% on 20M t016% dihl 6M

Must be mounted high enough so that people or
animals will not accidentally make contact with the

radials

stepp

Elevating lowers the impedance so radials may
need up to a 30 degree downward slope to achieve

a reasonable match 8 PERformerdroop angle =5°- 22°

Source: K7IR, Mike Mertel (2010)
21
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Halfwave Antenna &esonanceéreates éStanding Wave

7 = EI\_/__SEIZ R purely

. resistive
. | XX
Maxima

Voltage
Current
+

Maxima

70M  |\mpedance

O
‘Y

A :

86?’/0 9:5%
ocH [ EF

When RF energy is applied to halfwave antenna at Dipio|e
resonant frequency , astanding wave is created 68-72
with both Current and Voltage 90° out of phase.

4-9:1 49-64:1

Current maxima (radiation max )is at the center Maxima
with low impedance (68-72, ), Voltage maxima
are at the ends withhigh impedance(1000s, ). KJGER
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Quarterwave Antenna Needs toblevatedff theGround

4 L

CapaCitance (Parallel Plates)

C ~ 0 A Area of Plates

| Capacitive Coupling steals
Radiator  notential radiation current!

d distance

between plates
Current

Thecloser the plates, the
greater the Capacitance B

the further the plates, the
smaller the Capacitance .

Radials

Imagine the quarterwaveradials and :
ground astwo plates of a capacitor. d Inversely Proportional

to the distance d

KJ6ER
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Elevated Radials and the Droop Angle

Radial Droop Angle
0°
10°
20°

= Antenna Impedance
= 22 Ohms
= 28 ohms

= 35 ohms

30°
40°

= 53 ohms

- 47 ohms ]

50°

= 55 ohms

Note: above 50° results in diminishing returns

MMMMMMMMMMMMMMMMMM
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n

n

As radials are elevated, thecapacitive coupling losses go down
dramatically. In fact, two elevated /4 radials have aoss resistance of a
few ohms~4, versus ground /4 radials with a loss resistance oB5, .

Thus,Eff% =37, [ (37, +4, )=90%efficiency with 2 elevatedradials,
and Eff% =37, [/ (37, +85, )=30%efficiency with 2 groundradials.
When 100W is applied to these antennas, delta dB increase

=10 x log (90 watts / 30 watts) 4.8 dB gain

Elevated tuned radials willlower the resistive impedanceof the antenna
due to their lowerloss resistance. To raise impedance closer to 50 ,
the elevated radials can bedrooped or angled downward slightly

If droop anglecannot be angled downward enoughantenna element
can be lengthened up to 20% longer to raiseresistive impedance but
the radials will need to be shortened accordingly for resonance. In
essence, this can be thought of a®ff-center feeding (OCF) a dipole.

Source: K7IR, Mike Mertel (2010) KJGER
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Summary of Key Points for a Quarterwave Vertical Antenna

7

7

The ground system (radials) in thesactive near fieldof an antennaprimarily
determines loss resistance (R,..)which, when coupledin serieswith the
radiation resistance (R, ), has a huge impact oradiation efficiency:
Eff%=R_ 4/ (Rag+ Rose) ¥ WUINMME A WanlihinveRj Rt LWaq VY W

Theloss resistance of ground radialsbecomes verysignificant when using a
small number of /4 radials on a quarterwave. Two ground radials have a
loss resistance of85, which yield a radiation efficiency of only30%. At
least 30 ground radials are required to have an efficiency ovéf%.

Elevating radialsoff the groundsignificantly reduces loss resistance. In fact,
120 ground radials are required to equal the90%radiation efficiency of just
2 elevated tuned radials. As radials are raised off the ground, thess
resistance drops as the reciprocal ofdistance (d). capacitance ='QQ Area /d.

KJ6ER
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J Systems Products onkitsy nKO6ER Antennas and Accessorie

JSystems is aUS-based technology company that sells high-quality handmade KJ6ER antenna systems

PERformer Challenger Antenna System

Antenna‘System

Antenna System

Telescoping

=
Ground Spike Whip

PERformer 40M-6M Challenger 20M-6M Dominator 17M-10M Marauder 20M-10M
Elevated Quarterwave Off-Center Fed Halfwave End-Fed Halfwave Moxon-Inspired
Antenna includes N T k WAntenna with = P k Ui 6 R@édna includes = P k Ll Parasitic Array

i 6RGWE UT WNZ vadtBNGRsIY | Y e U | LNYHppRBdINE 1 LIE G Rt Ahtenna System

Over300 product sales

Over70 5-star reviews Search for JSystems on Etsy or visit etsy.me/3lay4J5

KJ6ER
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J Systems Products onkitsy nKIO6ER Antennas and Accessorie

In addition to selling highquality KIGER antenna systems JSystems also sellshandmade accessories :

Stainless Steel Ground

HOA CAMO Wrap Kits

Guy Rope Kitfor the Pole-Pod Radial NZ wlE qc¢ RUGG I3t CAMO PVC Wraps Kitfor
PERformer Quarterwave Tripod Solution for  Ground Mount Spike for  Low Visibility Deployments

and Challenger OCF Non-Penetrating all Antenna Systems In Restricted Neighborhoods

Halfwave Antennas Elevation Poles with PVC Mast Support or Field Operations

Over300 product sales

Over70 5-star reviews Search for JSystems on Etsy or visit etsy.me/3lay4J5

KJ6ER
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J Systems Products onkitsy nKIO6ER Antennas and Accessorie

And now featuringAntenna Kits (Ant-Kits), Heat Shrink Band Labels (Band-Its) and Custom Products:

WINTER KITBUILDING FUN-1980

Heathklt

Heat Shrink
=== Label Set

Remember the great  Antenna Kits (Ant-Kits) with ~ Band Labels (Band-lts) ~ Custom Variations
decades of Heathkit® all the parts sourced and heath shrink labels for of any KJ6ER
during the 1960s-Y Mt LB ready to assemble wire radiators and radials  Antenna Product

Over300 product sales

Over70 5-star reviews Search for JSystems on Etsy or visit etsy.me/3lay4J5

KJ6ER
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Buy High QualiikBR Cablesat a 10%20% Discount!

4 N
= = comcrsronason s -
INDﬁ;-T,ies M..,..W‘IE ------- searen- El el i n ABR Industries of Houston,

Texashas now officially
partnered with KJ6ER antenna
builders and users!

WHYUS? v FINDADEALER VIDEOS CONTACT LOGIN

HOME > CABLE ASSEMBLY BUILDER > AMATEUR RADIO COAX BUILDER

Amateur Radio Coax Builder n ABRwill now offer a10%-20%
Not sure which cable to buy? Click here for the cable descriptions. dlscount on your tOtaI Order for
any ABR cables online!

Amateur Radio Coax
Builder

Click here for the cable data sheets.

Click here for color sheath cables. n USG theCOUpOn COde KJGEmt
checkout or use the link:
bit.ly/ABRCoaxBuilder

Coax

Select cable and length (in feet):

n ABR is also selling custom
electrical length cables for the
new Phased PERformerArray:

Connector A bit.ly/ABRPhasedCoax

Choose an option

<>

Choose an option

<>

KJ6ER
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PERformer Quarterwave
Vertical Antenna withtwo
Elevated Tuned Linked Radials

KJ6ER
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PERformerQuarterwave VerticaPfrtable,Elevated,Resonant)

n ThePERformeris aPortable, Elevated and
Resonant quarterwave vertical antenna for
40M-6M sitting on aPVCground spike or tripod
withthen 13131 GY R U @ léftthe groundL M &
and 2 elevated tuned linked radials which are
placed 90 degrees aparrt.

n Computer modeled extensively in4ANECZ2to
design and optimize performanceEfficiency
averagesover 90% across all six bands with an
SWRIess than 1.10:1 on each band (20M6M).

n Designed to belightweight and easy to deploy
for all types of portable operations. Also used at
HOAs and other types of locations that do not

PERformer shown with a portable AEANY!I Gl ut 6Ys Ulls G LU - -
T Ymeldkrduck ™tripod with very furniture -grade PVC tubeon a alﬁg\ﬁ/ Hé%’ﬂ%ﬁl{ antenna installations.

broad and adjustable leg lengths. stainless-steel ground spike.

KJ6ER
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PERformerElevatedQuarterwave Antenrfer 40M6M

" Gain: Radials @
90° 180°

20M 0.0 dBi -1.0 dBi
17-foot

. . 17M +0.2 dBi -0.9 dBi
Telescoping Whip

tor AOM6M KJ6ER PERformer 15M | +0.3dBi | -0.7 dBi

variable 12M | +0.4dBi | -0.5dBi
( ) 40M-6M Elevated Quarterwave Antenna | |
10M +0.5 dBi -0.4 dBi

Optional e, 6M +1.2dBi | +0.5dBi
Coil for 40M ' : :
ontor ' | Avg. | +0.4 dBi | -0.5 dBi

Radiatlon
Feedpoint 6M
A
Mirror | \wﬂi 12M 2 Elevated Tuned Radials
Mount T e 15M M 90° or 180° apart with linked
P e choke NZ o™ — S 20M segments for each band
e =MNw, *“‘*’v\ e —n (fixed)
/ S =
N MH Non-conducting IR N Optional N & Yi0M
PVC Coax nylon segments g Band Radial Segments
Tube
Fiberglass O3 b
Elevation
- Poles

i A 4 g % 7 iy \
- ” Rt & i N - - b ol &N e & e - kj it B __idd T N e - 2.4 o <P
s A e A e i T e G W S e & K e e N e $ 8 e A S SRS W . 2~ e A
- = Ny . = AT N, == e ~ o > > S > N e T L SAS 2 o = - F_¥c
- = R 52 S e, X = — e ~ N —aS y # i = : = £
= = gy - 3 A = 3 - & S - > —— e A = — = — A= 4 ~
— z < = o 2 - 7 = =2 e ~ T - ~ — = — o =
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PERformeN/ertical with TwdlevatedlunedLinkedRadials

n Two elevated radials are placed90° apart to
provide modest gain and directionality (frontto-

back) between the spanone band at a time.
n Radial wire segments are linked to provide a
17-foot fixed length for each band.Telescoping whipis
Telescoping adjusted to resonance in the field.
Whip for .
20M-6M n AnRF chokemust be placed at the feedpoint to
isolate the coax shield from the antenna system
Mirror alleviating common mode currents (CMC).
Mount

Feedpoint & ~
+ & 90° angle between radials
P=t
M MH 2 Elevated Tuned ¥ 4
PVC .Ra(.jlals 9@ apart g
Tube with linked segments Fiberglass
for each band Stakes Oz m
Spike Mount
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Antenna System Parts List: (substitute as desired

n
U
U

Chameleon™"N Tk Waq G Jt HYGRUNWs 6 RG
WRC" Sporty Forty coil for 40M operation

[ 21 URqgea |l IJWNI ¢ tripbdlfltdtmative) évieh LN b LU f
Chameleon™ spike mount including end caps

Polarduck™ T Y wlllgl RGY T Ws Rq 6 Ws RT 13t G
(PVC alternative

Palomar Engineer$' RF feedline choke at the feedpoint to
isolate the coax shield

~RI 1 YI WaYe UqWs R q-2396tedYnelbtedlda M L
C W 6 VYol G sl 3T 13T Wl Y1

BNTECHGQ® bright orange 18gauge wire radials

Mueller™ clips to combine 2 radials at feedpoint and at each
radial end to attach to end stakes

[ RAWI Nac¢ct t WNYwWIUT Wmaeptbe hbh Wa ¥
conductive without any interior metal

KJ6ER
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PERformeN/ertical with TwdlevatedlunedLinkedRadials

Fiberglass Mueller
Stake Clip

= . 1 Each band hastwo elevated tuned radials connected to

N the feedpoint by a Mueller clip which are 90 degrees apart.

o~ : : : :
o ~{ u Radials arelinked with WAGO connectors and terminated
=2 by another clip to anon-conductive fiberglass stake .
(@)] S o
§ 9 n Stakes can either beanovedto accommodate band change
§ s ¢ B i preferably, ashort non -conductive segment (e.g., a
o N paracord with connectors) can be inserted in the wire line to

& terminate the radial at that pointwithout having to move the
= stakes for each band change. Trimming Line Insert
-~ e e
Non-conducti I
Mirror ” 6M 10M 12M 15M 1/M  20M : segmgztci(r)lgerﬁg\/'[irtz:r)r?inate
| o—G & o * o Fiberglass radials for any band
. : : Stake
e.g., If 10M is desired, insert non Mueller™
conductive segment after 10M and Clip
before 12M onboth elevated radials KJGER
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