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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

@ il flex + start-Ups

CIsco
n Husband, 5 grown kids, 5 grandchildren

o

¥ 900+ Activations
70K+ SSB QSOs
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KJ6ER Antennas Content Always Available in the Cloud

Contact me if you would like to be added to my antenna geeks email list!

Google Cloud Drive File Links (KJ6ER):

1 KJ6ER Antennas Primerrt
https://drive.google.com/file/d/IMxXEQOCfcLBhZTKTMg2xiMZeGdjsKknBN/view

1 PERformer 40M-6M Quarterwave Vertical T
https://drive.google.com/file/d/1LwSbXXeov|JdT8ijpGOFYR-nNsxgD/view

1 Challenger 20M-6M Halfwave Vertical T
Coming soon!

1 Dominator 17M-10M Halfwave Vertical T
https://drive.google.com/file/d/101QYINhYp-JY_ AzgnOXJWM7q7TitOx1m/view

1 Dominator 17M-10M Halfwave 2-Element Vertical Beam T
https://drive.google.com/file/d/1 -DvVBdEbcXjrCu5khylL eoEp5gsb9wwlA/view

Always Free PDFsfor the Amateur Radio Community!

KJ6ER
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Appreciate Antenna Theory, But Really a H&dwl$ragmatist

n Begin with basictheory but quickly evolve tocomputer modeling
n Spend countless hours in mybackyard antenna proving ground
n Put them to the test atPOTA activations for real world analyses

Theory Modeling =ap Backyard mmp POTA Parks
(Math, Physics) (ANEC2, EZNEC) (Campbell, CA) (California)
‘ o
5% of my time 15% of my time 80% of my time RealWorld Evaluation

Antenna Users

(Over 2,000 Worldwide)
KJ6ER
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Portable Antenna Plans Sharing Platform & Design Principles

n Developantenna plans with model graphics, parts list, instructions and metrics
n Sharefree PDFRformat plans broadly with global amateur radio community
n Highlyinteractive with users to answer questions and collect feedback

3 Design Principles:

cV °@ ~

Highly Efficient & Effective  Fast & Simple Deployment Easy to Pack & Transport
(Resonant,One-Band-at-a-Time) (Setup and Takedown) (Backpack, PicnicTable, HOA

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

&

Performance Elegance Convenience

KJ6ER
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Understanding a

Few Antenna Fundamentals
(Keeping itHigh-Level)

KJ6ER
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Field Regions Around an Antenna

A\

Reactive
near field

Radiating
far field
(Fresnel)

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: -1/2f C, where C = Capacitancta(adsg > current leads K J 6ER
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Antenna as a Series RLC Network

1
——

) V=VL+VC,
,,L§ L I=1, =1¢.

v Resonant frequencyp):
v.=——C X =Xe
Wy _ 1

2t om/LC

fo=

Reactance, X

Resonance frequency, fr Frequency, f

< »
L »

Antenna too short = Antenna too long

LinX cadence’

n An antenna can be thought of as aomplex resistance, inductance

and capacitance (RLC) network irseries. At some frequencies, it
will appear like acapacitive reactance (%), while at others, like an
Inductive reactance (X). At theresonant frequency, these
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.

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):

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

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

KJ6ER

California
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Radiation Resistance (B andLoss Resistance (R)
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?Qtl:\?llr}ax @mm: Resonance when

Radiation Resistance + Loss Resistance Reactance (X) =0

Fig 9-7—Radiation resistances (Raq())), at the current

maximum) of monopoles|with sinusoidal current

distribution. The chart can also be used for dipoles, but

all values must be doubled.

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

electromagnetic waves in all directionsTt productive energy .

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 (Eff%)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.

Eff% — X 100% 9 Goal: minimize RIoss
Rrad + 0SS R..gconverted to radio waves [jroductive)
Ross converted to heat (vasted)
Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010) KJ 6 ER

10

© 2025 by Greg Mihran, KJ6ER California


https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY

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
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Loss Resistance (R of GroundRadials

I 2 H§Groundl<kn =
radials| [ 2 & { Efficiency
1 104 26%

[ 2 85 30% |
4 63 37%
6 50 43%
8 42 47%
10 37 50%
12 33 53%
14 30 55%
16 28 57%
18 26 59%
20 24 61%
22 22 63%
24 21 64%
26 20 65%
28 18 67%
30 16 70%

[ 32 15 71% |
40 13 74%
50 10 79%
60 8 82%
120 0.6 98%

110
105
100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5

0

Ground Loss Q

Loss Resistance = MeasuredFeedpoint Resistance- Calculated Radiation Resistance

0

A quarterwave vertical

with R_,=37, on

2 Radials =85 Q

average ground requires
at least 30 equivalent

. " /4 surface radials to
4 Radials=63Q

achieve at least70%
radiation efficiency.

8 Radials =42 Q

16 Radials =28 O

32 Radials =150Q

60 Radials =8 Q

10 20 30 40 50 60 70 80 90 100 110 120 130
Equivalent # of A/4 Radials on the Ground

n If onlytwo " /4 radials are used, the
Ross = 85, . GivenR_,= 37, fora
guarterwave vertical, theradiation
efficiency =37, /(37, +85, )=30%.

n Using that same efficiency formula for
other numbers of /4 radials:

A

V 4 radials =37% efficiency
V 8 radials =47% efficiency
V 16 radials =57% efficiency
V 32 radials =71% efficiency
V 64 radials =84% efficiency

q Comparatively, computer models with
WG E2 ¢ qlll WindicatRa
R.sc ~ 4, , Yyielding aradiation

e

.

fficiency =37, /(37, +4, ) =90%.

Source: KN5L, John Oppenheimer (2013) & G5TM, Tim Hier (2022)
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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

-5

L=A/4 16 radials/
dB

n As theradial height above ground is increasegdthe
loss resistance (R,..) is significantly reduced. As
tuned radials are elevated above ground;apacitive

mp couplingis decreasing as a reciprocal (C A /d).

n Even avery small increasein radial heightabove

grgJ:alelgOhlqﬂ)v L 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.

0.00001 Ground leve| 0-0001 0.001

=0.005 %

Height above ground (J) [A]

oo1 | |1 Based upon my field testing, | recommendht least
2% radial elevationor, if possible, 5% radial
elevation above grountb! X O dwLIY U LU= M~ b 1O

Source: N6LF, Rudy Severns (2010) KJ 6 E R
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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

L A
Sl T

Ground rod only =

iy oy o
N TN 72277

RG, (ground loss resistance)

(C) - B | Primary
/,’ | Current Path
rd Y
s D
% L 7
! X s \
—_ —_ —_ . .—- 'r —_
T - . - i R M
=
7% w377

Secondary Current Path © E|evated radials

B Vertlcal

(E)

V- P

N

Elevaled Radlals

DC ground for the
common radial points

- Current Balun
RFC
1o TX

(1

J

LEDSDE_[8=041
~ (B) ’,/" H\\
- - *,
! - T b
’ # ~ A
S I, = =
\ S\ U | R/ S
. — Worst case to Best—»/ /X (O
' | | ! \ 1 1
I | = I l I

| | | |
A 77 T A
4 T

| |
i

Buried radials = RGz <<RG;

(D) el Current Return Path
M= ™. vla Coax Shleld
-\\'\ S

)ﬁ:\\ _;;\;/}/
r;% ! .
S

CMC on coax shieldwvithout RF choke

Fig 9-41—Antenna return current
path for various radial arrange-
ments. See text for details.

Always use an RF choke at
vertical antenna feedpoint!

Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010) 15

(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

COMMUNICATION SYSTEMS

Source: K7IR, Mike Mertel (2010)
16

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°

KJ6ER

California

© 2025 by Greg Mihran, KIGER



https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY

Why Elevating ¥4 Wave Radials Is Impornt&# Current!

Woltage Distribution

|< N '
Radiation Min Radiation Max RadiationMin
LN
A A A
50% | 50% 80%fJ D% 95%})5%
Current Distribution
Current () =V /R,
where Impedance (j0) = R \

Dipole
73,
Y4 Wave
w/radials
37,

OCHW EFHW
200-450 2450-= Y MM,
(4/9:1)  (49/56:1)

n When RF energy is applied to a halfwave antenna at its

resonant frequency , astanding wave is created with
both current and voltage90° out of phase

Current maximum (radiation max )is at center of
halfwave withlow impedance (70 ), voltage maximum
(radiation min ) is at ends withhigh impedance (1000s ).

High current in the ¥ wave radials is radiated when
elevatedor isabsorbed in earth whenlayingon the
ground. Radials are theother half of ¥4 wave antennh

Much less current in OCHW counterpoise figh voltage
and negligible current in EFHW counterpoise. As a
result, these do not need to be elevated for efficiency.

Source: AA5TB, Steve Yates (2010) KJ 6 E R
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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

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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PERformer Quarterwave
Vertical Antenna withtwo
evated Tuned Linked Radials

KJ6ER
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PERformer Quarterwave Vertldad)(table Elevated,Resonant)

AEANYI
furniture-grade PVC tube on a
Chameleon ™ground spike.

T YRsldrduck ™ tripod with very

gl w 6Ys U mﬁ%m@nﬂmwmmhﬂbortable

broad and adjustable leg lengths.

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.

Computer modeled extensively iIMNEC2to
design and optimize performanceEfficiency
averagesover 90% across all six bands with an
SWRIess than 1.10:1 on each band (20M6M).

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
allow permanent antenna installations.

KJ6ER
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PERformer Vertical with TWbtevatedlTunedLinkedRadials

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 & ~

t & 90° angle between radials

P=t
Mt 2 Elevated Tuned ¥ 4
PVC _Ra(_jlals 9@ apart
Tube with linked segments Fiberglass

for each band Stakes Oz m
Spike Mount

22

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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PERformer Vertical with TutevatedlunedLinkedRadials
Fiberglass Q Mue!ler“‘
Stake @ Clip

= n Each band hastwo elevated tuned radials connected to
the feedpoint by a Muellel clip which are 90 degrees apart.

é ¢ 1 Radials arelinked with spade connectors and terminated

o
= ) L
=2 by another clip to anon-conductive fiberglass stake .
(@) S o0
§ et n Stakes can either bemovedto accommodate band change
§ =1 B i preferably, ashort non -conductive segment (e.g., a
S N paracord with connectors) can be inserted in the wire line to
¢ terminate the radial at that pointwithout having to move the |
2 stakes for each band change. Paracord Insert
— M
[ ]
Non-conductive paracord
Mirror 6M 10M 12M 15M 17/M 20M segment inserted to terminate
Mount s ® T ¢ ® ® © - /Z\Q Fiberglass radials for any band
' Stake
e.g., If 10M is desired, insert non Mueller™
conductive segment after 10M and Clip
beforeulé\l(/l onboth elevated radials KJ 6 E R
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PERformer Vertical with TvetevatedlTunedLinkedRadials

| Whip & Fiberglass
i Mount _ ~ Stake
i Feedpoint _ . Endpoint
| Pigtail  10M =0 T @2M =N 2 @5M == [1 &¥M == ® 20M =1 D Hpjgtail
s ° ® —o ® *— ® =<
MNP b ==
Not to scale. N FOR v

ATo construct this elevated radial system, first cutwo N N Kpiytails connected together at
the feedpoint for each linked radial string. The feedpoint clip dff FOplus the T N KBM H
feedpoint pigtail becomes thell O6Mldadial length.

ANext, cut apair of five band incremental wires , one for each elevated radial. These
sections extend the length of each radial wire for a particular band. Ultimately, the
finetuning for each band resonance is accomplished bydjusting the whip length .

AWhen theparacord segment is inserted, thetotal length ofeach elevated radial is:
A6M =[N O KN FOReslpoint clip +1 N K&edpoint pigtail)
A10M =Y M i1 O6M radial length +O T incremental 10M section)
A12M =P 3 Y M1OM radial length +\ = incremental 12M section) _
e _ . . ) Non-conductive paracord
A15M =N = M@ 12M radial length += lNircremental 15M section) | segment inserted to terminate
A17M =N N O(N-= MBM radial length += ®diacremental 17M section) radials for any band
A20M =N @ Y (N1 @7\ radial length +1 diacremental 20M section) KJ6ER
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PERformer Vertical Antenna Deployment dnj@od

PERformershown witha ~ AChameleon™N T k Ws 6 RIGUHNU Hip is used at the
GY | q ¢ AR@IELTKY 1 LLa mirror mount is attached end of each elevated radial to

n ThePERformerantennatripod deployment

option is ideal for those locations where a
spike mount into the ground is not available
or permitted. It provides a very stable and
effective base when the whip is extended.

TheN Tk Wa lJ0 131 13 &tt@dRed blds 6 R G L
FqeUT ¢l T WaRI T Y WaYe Uglle
radiating element. The mount is attached to

an aluminum tube which is inserted into the

tripod. A rubber cap is installed at the top of

the tube to insulate it from the elements.

tripod with very broad and  OHe | JG! WV Wec G @ el d BIY B ¥ WEllNY wlWn RAWII NG ¢t + LW

adjustable leg lengths for a2 HIJ Ws R q §lEN1§rdn@idhdubtive) stake. The
stability. This portable clip is used to combine two clip can easily be slid up and
tripod is recommended for  elevated tuned radials and down (droop) to finetune the
its lightweight frame and clipped firmly to the mount feedpoint impedance for low
adjustable broad leg spread to provide an effective SWR. These stakes are used
for all types of locations. elevated counterpoise. for both deployment options.

25

n AMueller™clip is used to combine the two

elevated radials and attach them to the
mirror mount. A Muellef™ clip at the end of
each radial is attached to a norconductive
fiberglass stake to keep it taut and elevated.

KJ6ER
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PERformer Vertical Antenna Deployment &V& Spike Mount

PERformer shown with WOo YwWsé YilWWRILWOLIY RIS ¥ O 10 LWRFhélhirroRdodnt) T LU

¢ WNMmwWnea | UR q o thelAYTC iGottold LLI into the PVC top cap screws into the long
Aé 9 lWaea AIJWb N rddlf of Yo LIRYUD LLE] Lidy LU doy Y @GR Y s 43 LI F MUK LU ©dt Xt e PNE Fbplidapy O qp LU
Chameleon ™ spike HY O q HEHNIOPYH) N b WAU T 2 q Wei ¢ H Y doothidNelofapitlg
mount. The non nut to easily screw into long) to accept a mirror whip. APalomar
conductive support the Chameleon ™ spike mount that supports Engineers™ RF choke
structure provides mount or short tripod, q 6 1J Whnadelhh ™ (or suitable equivalent)
both elevation and a e.g. WRC MiniPod. whip. A split lock and must always be used at
secure mount for the : = : fender washer is used the feedpoint to isolate
telescoping whip and 2 on both the inside and the coax shield from
elevated tuned radials. outside for a secure fit. the antenna system.
26

n ThePERformer spike mount

deployment option is ideal for those
locations where the ground can
accept a spike that can be pushed

in by hand or tapped in with a rubber
hammer. Alternatively, it can screw
into a short tripod on the surface.

TheMMmwlWnea | URaqand 1J WA é
spike is a study mount for the
telescoping whip. It provides anon-
conductive support structure that
elevates both the antenna feedpoint
cUIl Waqé IWaea UI Wl ¢TF
above the earth when combined

with the mirror mount.

KJ6ER
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Theelevated radial

system is composed of

pre-cut 18-gauge wire
segments that are linked
together within a string by
spade connectors. These
connectors allow the fast

and easy insertion of a
non-conductive segment
to terminate the radial at
that point for each band.

The ratchetingWirefy ™
crimping tool and heat
shrink male/female spade
connectors are used for
fast and easy attachment
of radial segments. The
connectors not only have
heat shrink tubing but also

haveinternal gluethat,
when heated, provides a
very secure connection.

~
N
N

N

L g
cae e

—

.
N
~

N5 Y dHi+sdbductive
radial segments (using
paracord) havespade
connectors on each end.

The segments are inserted
in each elevated radial line

to terminate it at the band
of operation. By doing so,
the fiberglass end stakes
do not have to be moved
for each band change.

27

PERformer elevated
radial system shown
coiled up with a Velcrg"
strap for easy transport
and fast deployment. A
Mueller ™ clip is used at
one end to combine the
radials, and another at
the end of each radial.
Each band segment is
clearly labeled.

© 2025 by Greg Mihran, KIGER

Azippered clear plastic
bag (commonly used for
travel toiletries) provides
the perfect enclosure for
the radial system and
accessories. It also holds
the WRC™ Sporty Forty
for 40M operation and a
RigExpert™ Stick analyzer
for easy antenna tuning
resonance in the field.

KJ6ER
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ANEC2 Model Computations Provide Radial Droop Angle

If youmove the end stakes for each band change, your
radial droop angle will change. Alternatively, if you

To calculate theRadial Droop Angléx insert a non-conductive segment in the line, the droop
W= AE R > 0pposite side/ hypotenuse angle will remain consistent at the 20M band droop.
Onab.  AOpposite side =D=(FTH)
AHypotenuse =R ExamplesT 4ANEC2 computesW, Rforc LI HOZ w
AA=arcsin [ (FTH)/R] A20M Whip Length YV) == M T(+.8% longer than 234}
ARadial Length R)=N @ Y(+8.5% longer than 234)

ADroopA=arcsin(? | NSAH N X 180/ = 5°

Feedpoint ¥
G S, A\
{ "+ Mirror ADroop Angle g: Delta
Mount NS FFbeedpoint ‘

Height

i -l -
= — 2X|Tu£id|?%d§|:] 5 WA b oF T --------- A6M Whlp Length W) =% T #16.5% longer than 234)
P=w | | pvc ARadial Length R) =TT O ¢#21.9% shorter than 234)
H=radalEnd  ADroopA=arcsin (? | NEAH MXH8D/ = 22°

O S wHeight

ANEC2 model calculations are a greastarting point but
field testing over real groundnust be performed

\ tube
/ . PR AN ¢
SN TEONE ‘! a

KJ6ER
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234/ f Radiator Counterpoise
Target . .
. . .. |Radial |Radial | Droop
Band| Freq Whip | Whip Radial
(Mhz) Length|Inches | |Length| Inches vs. CalclocE v Length |Inches vs. Calc End End | Angle
(in) | 2t K (deg)
20M [14.250| 16'5"| 197 17'3"| 207 48% |51.1%(| 16'6"| 198 | 0.5% 36 5%
17M[18.140(12' 11" 155 13'9"| 165 6.8% |[52.6%]| 12'5"| 149 | -3.7% | 36 6%
15M |21.350| 11'0"| 132 12'0"| 144 9.2% |54.5%(| 10'0"| 120 | -8.8% | 36 7%
12M (24.940( 9'5" | 113 10'6"| 126 11.8% | 56.7%(| 8'0" 96 |-14.7%| 36 8% 10
10M|28.400| 8'3" 99 9'5" 113 14.3% | 58.5%(| 6'8" 80 |-19.1%| 36 9% 12
6M (51.000( 4'7" 55 5'4" 64 16.2% | 59.8%|(| 3'7" 43 | -21.9%| 36 | 16% | 22
30.0%
20.0% 14.3% 16.2%
=
. 9.2% e
10.0% 4.8% 6.8% e —
__+——
._—
0.0%
20 10M 6M
-10.0% 0.5%
-19.1%
-30.0%
==@="/\'hip Length Adjustment ==@==Radial Length Adjustment
29

Computations for the PERformer Antenna

n The model calculatedwhip and radial lengths for
each of the six bands. Whip length ranges from
+5%" /4 on 20Mto +16% /4 on 6M. Elevated
radials from +0.5%" /4 on 20Mto -22%" /4 on 6.
The whip OCF % fron%1% on 20Mto 60% on 6M

n Theradial end height is fixed atO > wiich
provided great elevation for each band ranging
from 5% /4 on 20Mto 16%" /4 on 6M at the end.
The overall elevation reduces capacitive coupling
to the ground and increases efficiency.

n With the feedpoint height atP = and the radial end

at O Z, #he radial droop angle from the feedpoint

to the radial end ranged fronb°® on 20Mto 22° on
6Ms 6 RAG WI IJhue RI 13t We WayYUNn
I Ye Wl YUk qUWa VY2 Waq6JWIOT U
remains consistent at the 20M band droop.

KJ6ER
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ANEC2 PERformer Performance Specifications across 6 Band:

234/ f Radiator Counterpoise Specifications
Band Té\rrggt Whi Whi Radial Radial |Radial | Droop Ref | Rad Gain | FB |-3dB BW
(Mhz) Length|Inches | [Length| Inches vs. CZlC OCFIFL/C Length|Inches vs.aclzlc End End | Angle || SWR | Coef | Angle @Bi) | (dB) k) Efficiency | Impedance
(in) | 2t K (deg) (dB) | (deg)

20M|14.250| 16'5" | 197 17" 3" 207 4.8% |51.1%|| 16'6"| 198 0.5% 36 5% 5 1.01 | -47.4 26 0.00 | 3.55 49 88.1% 49.6 +j0.14
17M{18.140(12' 11" 155 13'9" 165 6.8% |[52.6%]| 12'5"| 149 | -3.7% 36 6% 6 1.02 | -41.5 25 0.14 | 3.48 48 89.5% 49.2 +j0.22
15M{21.350( 11'0"| 132 12' 0" 144 9.2% [54.5%]| 10'0"| 120 | -8.8% 36 7% 8 1.01 | -50.3 24 0.26 | 3.19 46 90.4% 49.7 +j0.12
12M | 24.940| 9'5" 113 10' 6" 126 11.8% [56.7%]|| 8'0" 96 -14.7% | 36 8% 10 1.01 | -43.4 24 0.38 | 2.93 43 91.3% 50.7 -j 0.03
10M|28.400| 8'3" 99 9'5" 113 14.3% [58.5%]|| 6'8" 80 |-19.1%| 36 9% 12 1.02 | -40.7 23 0.50 | 2.66 41 91.9% 50.9-j0.29
6M |51.000| 4'7" 55 5'4" 64 16.2% [59.8%|| 3'7" 43 -21.9% | 36 16% 22 1.02 | -40.4 20 1.20 | 2.75 38 93.9% 49.1+j0.21

[ Averages: 1.02 -440 24 0.41  3.09 44 90.8% Z=R+jX ]

n The model computed severaperformance specifications including SWR, reflection
coefficient , peak radiation angle , gain, front -to-back, -3.00 dB beamwidth as well
as overallantenna efficiency andimpedance .

n Theaverageperformance specifications across all six bandsare:

V' Antenna Efficiency =90.8% V Gain =0.41 dBj, Frontto-Back =3.09 dB
vV SWR =1.02:1 V' Peak Radiation Angle 24° (beamwidth 54°, 9°)
V Reflection Coefficient =-44.0 dB V -3.00 dB Beamwidth =4° (delta +30°, -15°)

KJ6ER
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ANEC2 Model Graphics for tR&Rformer20M(14.250 MHz)

%WH (50 ohm] :ot-::i.; kj[.mi] ' 0z Vertical plane
j 3D radiation
: modeling as
2 seen from
_____________________________ both the top
! 14 1405 141 1415 142 14;500851543 1435 144 14.45 MH and Slde
L — — : views.
40 Note that
B purple and
e Tam a1 1ais 142 143 143 1aB  14s 144 MHz | EEFORMER, FVE. 2ot ' 180 ' 938 i red are
1 The model calculatedSWRto be 1.01:1 at 14.250 MHzwith a reflection f;goigggit
coefficient of-47.4 dB. The+x1.50:1 SWR bandwidticovers the band '
n It also calculated maximum radiation at angle 26° with +0.00 dBi gain
and 3.55 dB FtBwithin a-3dB beamwidth of 49° (-17°, +32°) =9°to 58°,
KJ6ER
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ANECZ2 Model Graphics for tﬁERformerl?I\/I(lS 140 MHz)

SWR (50 ohm) [18.14 MHZ Tot-gain [dBi] Vertical plan
10 -
Freq=18.14

g

B

5

4

3

2

7w [ ‘Is“'

1 % J‘I 01706_._._.._4—-!—‘_"._.—‘_‘_.

18.02 1804 1806 1808 181 1812 1814 1816 1818 182 1822 1824 18.26 18.28H2

—_
]

Refl [ 50 ohm
e coef [dB] (50 ohm) 1814MHj

aos ¢

-150

-50 165 165
18 1802 1804 1806 1808 181 1812 1814 1816 1818 182 1822 1824 18.26 18.28Hz | PERFORMER. PVC, 2R.out 180 993 < dBi<0.14

n The model calculatedSWRto be 1.02:1 at 18.140 MHzwith areflection
coefficient of-41.5 dB. The+x1.50:1 SWR bandwidtlcovers the band

n It also calculated maximum radiation at angle 25° with +0.14 dBi gain
and 3.48 dB FtBwithin a-3dB beamwidth of 48° (-16°, +32°) =9to 57°.

32

© 2025 by Greg Mihran, KIGER

3D radiation
modeling as
seen from
both the top
and side
views.

Note that
purple and
red are
strongest
radiation.

KJ6ER
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ANEC2 Model Graphics fo

ormer15M(21.350 MHz)

Tot-gain [dBi]

‘ISUWH (50 ohm) 21.35 MHZ
21.35MHz
8
6
5
4
3
2

1.00552
21 21068 211 2115 212 2125 213 2135 214 2145 215 2155 216 2165 MHz |

r tRERT

Vertical plane

Refl coef [dB] (50 ahm)

-100
21 2108 211 2115 212 2125 213 21.35 214 2145 215 2155 216 2165 MHz

231 <dBic 031
999 < dBi< 0.31
Max gain The:66

n The model calculatedSWRto be 1.01:1 at 21.350 MHzwith areflection
coefficient of-51.2 dB. The+x1.50:1 SWR bandwidtlcovers the band

n It also calculated maximum radiation at angle 24° with +0.31 dBi gain
and 3.37 dB FtBwithin a-3dB beamwidth of 46° (-15°, +31°) =9°to 55°.
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3D radiation
modeling as
seen from
both the top
and side
views.

Note that
purple and
red are
strongest
radiation.
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Vertical plane

ANEC2 Model Graphics for tR&Rformer 12M(24.940 MHz)

SWH (50 ohm) Tot-gain [dBi]
10 24.94 MH3

Freq=24.94
8

w = o

o [1.01366 ——

248 2482 2484 2486 2488 249 2492 2494 2496 2498 25 2502 2504 2506 25.08Hz

Erz—ﬂ coef [dB] (50 ohm) [24.38 MH3

45

50
248 2482 2484 2486 24068 249 2492 2494 2496 2498 25 2502 2504 2506 25.08Hz :E.?:?EMER' PVC. 2R.ouk

165 180 165 939 ¢ dBi < 0.38

n The model calculatedSWRto be 1.01:1 at 24.940 MHzwith areflection
coefficient of-43.4 dB. The+x1.50:1 SWR bandwidtlcovers the band

n It also calculated maximum radiation at angle 24° with +0.38 dBi gain
and 2.93 dB FtBwithin a-3dB beamwidth of 43° (-15°, +28°) =9to 52°,

34
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3D radiation
modeling as
seen from
both the top
and side
Views.

Note that
purple and
red are
strongest
radiation.
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SWHR (50 ohm) Tot-gain [dBi]
10 28.4 MHZ

Vertical plane

ANEC2 Model Graphics for tR&Rformer 10M(28.500 MHz)

Freq=23.4

28 281 282 283 284 285 286 287 MHz
Refl coef [dB] [50 ohm)
fe 50 ohm 84 MH3

-40

-45

-50

PERFORMER, PVC, 2R.out 165 165 939 < dBi < 0.5

28

n

"

261 8.2 283 264 285 265 287 MHz | phi- 15 180

The model calculatedSWRto be 1.02:1 at 28.500 MHzwith areflection
coefficient of-40.7 dB. The+x1.50:1 SWR bandwidth i800 kHz

It also calculated maximum radiation at angle 23° with +0.50 dBi gain
and 2.75 dB FtBwithin a-3dB beamwidth of 41° (-14°, +27°) =9°to 50°.

35
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3D radiation
modeling as
seen from
both the top
and side
views.

Note that
purple and
red are
strongest
radiation.
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ANEC2 Model Graphics for tR&Rformer6M (51.000 MHz)

SWR (50 ohm)
E

Tot-gain [dBi] 0z Vertical plane

Freg=51

1.0193

50 50.2 50.4 50.6 50.8 51 51.2 51.4 51.6 51.8 MHz
Refl coef [dB] (50 ohm]

-40

-45

PERFORMER, P, 2R out 185 A0 189 993 ¢ dBi< 12

-60
50

n

"

50.2 50.4 50.6 50.8 51 51.2 51.4 51.6 51.8 MHz Phi= 15

The model calculatedSWRto be 1.02:1 at 51.000 MHzwith areflection
coefficient of-40.4 dB. The+x1.50:1 SWR bandwidth i4400 kHz

It also calculated maximum radiation at angle 20° with +1.20 dBi gain
and 2.38 dB FtBwithin a-3dB beamwidth of 38° (-12°, +26) =9to 46°,
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3D radiation
modeling as
seen from
both the top
and side
views.

Note that
purple and
red are
strongest
radiation.
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Field SWR Measurements flERformerQuarterwave: 20M6M

Xig€xpert

SWR L 2125 1280 kilz

Rig€xpert
SWR] 1417

m
[
Il
.83 w

12M Band

Xig€xpert

V8=
B
8w

Min.: 1.20.28470w+

AAR-55 zZOOM
10M Band
37

e

Rig€xpert
SWR| 5200 KH
112
1 P oo

€

6M Band
© 2025 by Greg Mihran, KIGER

SWR Efficiency:

A1.10:1 = 99.8%
A1.20:1 =99.2%
A1.30:1 =98.3%
A1.40:1 =97.2%
A 1.50:1=96.0%

KJ6ER
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PERformer Radials @)° versus180°: 15M(21.350 MHz)

Tot-gain [dBi]

el |1 Comparing the PERformer computer
model performance with directional radials
@ 90 versusomnidirectional @ 180°

21.35 MHz

Elevation 90° Span 180° Span Delta
off Horizon | (directional) (omni)
_red +0.31dBi | -0.67dBi | +0.98 dB
orward v
+40 0.31dBi | -2.67dBi | +2.36dB
A Regional v
e *60° | 326dBi | -8.53dBi | +5.27 dB
NVIS ' v ' '
24 -3.09dBi | -0.67dBi | +2.42 dB
Rear v
150 'I 1 n Directional configuration provides3.37 dB front-to-back at 24° elevation
e oot 1 Radial spandoes notimpact antenna radiation efficiency of 90.4%

Phi= 0

KJ6ER
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Understanding a

FewMore Antenna Fundamentals
(Keeping itHigh-Level)

KJ6ER
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Comparing Quarterwave and HalfwatexticalAntennas

Elements Quarterwave Halfwave
Antenna Height n Quarterwave, Shorter @ n 2 x Quarterwave, Taller
: : n Ground planerequired n Single counterpoise wire
Ground Configuration with” /4 equivalentradials recommended, 5%- 50%" @
Radiation Resistance n 34-38, , when fed atbottom n 68-72, , when fed atcenter W
N n 45-75, ,reasonable match (7 v 1,800-3,000, , LC tuned circuit or
P P for traditional 50, coax transformer required for 50, coax
L. . n 20%-90%, depending on type of 1 95%- 99%, not including the 7
Radiation Efficiency the ground plane utilized transformer insertion loss C
Radiated Gain n Higher at angles > 25 degrees n Higher at angles < 25 degrees
Peak Radiation Angle n 25-35 degrees n 10- 20 degrees
Radiation Beamwidth-3dB un Wider, broader, more regional n Narrower, concentrated, more DX
Primary Reach n Regional, Continental n Continental, Global
KJ6ER

40 © 2025 by Greg Mihran, KJGER California


https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY

Feedpoint Impedance as Monopole Length Increases

n According to modeling,impedance (Z) of a

2500 5 o B s W W e vertical monopole varies as its length is
5 /A f | increased between0.01" did 1.00° .
G : : : | .
g 1500 [ R- Assumingthe ground plane is grfectly
£ 1000 7\ /f | electricall y conducting (ot real world),
E : AY : LEYE note the points wherej X =0, . These are
g 200 1 i 1 ‘ J
5 ® 37, @4.// A\ \ﬂ_@p-// where the antenna is purelyesistive and
P o T T resonant; 0.25",0.47", and0.74" .
£ 500 i i i
1000 / The most significant difference between
oo / 5\/ these points is theimpedance (). For a
/ monopole length 0f0.25" , the purely
0 { resistiveimpedance is37, . At0.47" , itis
R s 2,450, , and at0.74 ", itis about38-40, .
Height in Wave Lengths
Impedance: Z=R Nj X (ohms)
Source: AA5TB, Steve Yates (2010) KJGER
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