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Welcome! I am Greg Mihran (ůĲċƖѢ-on)

2

Greg Mihran, KJ6ER
Campbell, California
www.qrz.com/db/KJ6ER

gmihran@me.com 

иBorn in Schenectady, New York
иB.S.E.E. Case Institute of Technology,

CWRU, Cleveland, Ohio
иRetired, 45 years in Silicon Valley

иHusband, 5 grown kids, 5 grandchildren

900+ Activations
70K+ SSB QSOs

+  Start-Ups

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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KJ6ER Antennas Content Always Available in the Cloud
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Contact me if you would like to be added to my antenna geeks email list !

Google Cloud Drive File Links (KJ6ER):
¶ KJ6ER Antennas Primer т

https://drive.google.com/file/d/1MxEQ0CfcLBhZ-TKTMg2xiMZeGdjsKnBN/view 

¶ PERformer 40M-6M Quarterwave Vertical т
https://drive.google.com/file/d/1LwSbXXeovjJdT8ijpOi-9FYR--nNsxgD/view 

¶ Challenger 20M-6M Halfwave Vertical т
Coming soon! 

¶ Dominator 17M-10M Halfwave Vertical т
https://drive.google.com/file/d/1o1QYlNhYp-JY_Azqn0XJWM7q7Tit0x1m/view 

¶ Dominator 17M-10M Halfwave 2-Element Vertical Beam  т
https://drive.google.com/file/d/1 -DvVBdEbcXjrCu5khyLeoEp5gsb9wwlA/view 

Always Free PDFs for the Amateur Radio Community!

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
https://drive.google.com/file/d/1MxEQ0CfcLBhZ-TKTMg2xiMZeGdjsKnBN/view
https://drive.google.com/file/d/1LwSbXXeovjJdT8ijpOi-9FYR--nNsxgD/view
https://drive.google.com/file/d/1o1QYlNhYp-JY_Azqn0XJWM7q7Tit0x1m/view
https://drive.google.com/file/d/1-DvVBdEbcXjrCu5khyLeoEp5gsb9wwlA/view
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Appreciate Antenna Theory, But Really a Hands-On Pragmatist
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иBegin with basic theory  but quickly evolve to computer modeling
иSpend countless hours in my backyard antenna proving ground
иPut them to the test at POTA activations for real world analyses

Antenna Users
(Over 2,000 Worldwide)

Theory
(Math, Physics)

Modeling
(4NEC2, EZNEC)

Backyard
(Campbell, CA)

POTA Parks
(California)

5% of my time 15% of my time 80% of my time Real-World Evaluation

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Portable Antenna Plans Sharing Platform & Design Principles
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иDevelop antenna plans with model graphics, parts list, instructions and metrics
иShare free  PDF-format plans broadly with global amateur radio community
иHighly interactive  with users to answer questions and collect feedback

Highly Efficient & Effective
(Resonant, One-Band-at-a-Time)

1

3 Design Principles:

90% efficient or more

Performance

Fast & Simple Deployment
(Set-up and Take-down)

2

5 minutes or less

Elegance

Easy to Pack & Transport
(Backpack, Picnic Table, HOA)

3

5 pounds or less

Convenience

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Understanding a
Few Antenna Fundamentals

(Keeping it High-Level)

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Field Regions Around an Antenna
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Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010)

Reactive  
near field

Radiating 
far field 

(Fresnel)

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

и Near the antenna (in the reactive near field), you need a good 
ground system to collect the antenna return currents without 
losses . This will determine the radiation efficiency  of the antenna.

V Operators have reasonable control over the radiation efficiency.

и At distances farther away (in the radiating 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 a function of the ground quality and the 
incident angle . This determines the reflection efficiency .

V Operators have limited control over reflection efficiency.

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Understanding Antenna Impedance (Complex Number)
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Impedance Z = R Ñ j X (ohms)

R = Resistance (real number)

 j = ã-1 (imaginary number)

X = Reactance (inductance, capacitance)

иRelates the sinusoidal voltage V to the current I at 
the input to an antenna and varies with frequency.

иConsists of two components: 
V Resistance R (real) represents power that is either 

radiated away or absorbed within the antenna.
V Reactance X (imaginary) represents non-radiated 

power stored in the near field of the antenna.

иFor a 50̡  transmission line (coax), perfect 
impedance is purely resistive:  Z = 50 + j 0, 
where the voltage is in-phase with the current. 
This is considered a resonant  antenna.

иIf impedance is purely imaginary:  Z = 0 + j 50, 
the voltage leads the current by 90 degrees. 
This is considered a very bad antenna.

R

X

Ά
real

imaginary

|Z|

Z

и Impedance Z (x, y point)

иResistance R (real, x-axis)

иReactance X (imaginary, y-axis): 
 (+) inductive, (-) capacitive

и Impedance Magnitude:

 |Z| = ã ( R2 + X2 )
иPhase ΆШ= arctan ( X / R )

Inductors and capacitors introduce a phase shift between 
voltage and current but do not dissipate energy:
X Inductor (L) = 2́ f L, where L = Inductance (henrys) > current lags

XCapacitor = -1 / 2́ f C, where C = Capacitance (farads) > current leads

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

Antenna as a Series RLC Network

9

и An antenna can be thought of as a complex resistance, inductance 
and capacitance  (RLC) network in series. At some frequencies, it 
will appear like a capacitive reactance (XC), while at others, like an 
inductive reactance (XL). At the resonant  frequency, these 
reactances will be equal in magnitude, but opposite in influence, 
canceling each other out. At resonance , the impedance is at its 
minimum being purely resistive  (real, Z = R + j X, where j X = 0) and 
efficiency  (current in the circuit = I) is at its maximum.

иWhen an antenna is not at its resonant length, the voltage source (V) 
will see something other than pure resistance (R). In this case, the 
impedance is now complex  which includes reactance (X):

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

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

Antenna too longAntenna too short

Resonant frequency (f0):

XL = XC

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Radiation Resistance (Rrad) and Loss Resistance (Rloss)
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Source: ON4UN, John Devoldere & DJ2YA, Uli Weiss (2010)

и Radiation resistance  (Rrad) is the total power radiated as 
electromagnetic waves in all directions т productive energy .

и Loss resistance  (Rloss) includes conductor RF resistance, losses of 
insulators and loading elements, ground losses of the antenna current 
return circuit and ground absorption in the near field т wasted energy .

и Radiation efficiency  (Eff%) is dependent upon the sum of the radiation 
resistance (Rrad) of the antenna in series with the loss resistance (Rloss). 
These make up the resistive (R) part of the feed-point impedance. 

ӛGoal: minimize Rloss

Rrad converted to radio waves (productive)
Rloss converted to heat (wasted)

Eff% =
Rrad

Rrad + Rloss
x 100%

/͒4

/͒2
3 7 x1 1%

Antenna:
 Z = R + j X

8 5 x1 1%

Radiation Resistance Loss Resistance+
Resonance when 
Reactance (X) = 0

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Ground losses  associated with the nearby soil:

иGround losses through the antenna return circuit 
include antenna return currents that travel through the 
ground and back to the feed point, right at the base of 
the antenna impacted by resistivity ͞  ( -̧m) of the soil. 

иGround absorption in the near field includes the 
conductivity Ξ (mS/m) and the dielectric properties of 
the ground that determine absorption losses, caused 
by an electromagnetic wave penetrating the ground.

Unless the vertical antenna uses elevated radials, 
return current will flow through the lossy ground .

Loss Resistance (Rloss) Components

11

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

Ohmic  losses  within the antenna:

иConductor RF resistance  includes the conductivity 
of the antenna components used. 

и Losses from base insulators including dielectric 
material losses at high voltage points.

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

G
ro

un
d

O
hm

ic

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Loss Resistance (Rloss) of Ground Radials

12

и If only two /͒4 radials  are used, the 
Rloss  = 85 ̡ . Given Rrad = 37 ̡  for a 
quarterwave vertical, the radiation 
efficiency = 37  ̡/ (37  ̡+ 85 )̡ = 30%.

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

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

Å Comparatively, computer models with 
ΞШĲũĲƻċƣĲĬШƖċĬŔċũƚШѻШΟΣњШindicate a 
Rloss  ~ 4 ̡ , yielding a radiation 
efficiency = 37  ̡/ (37  ̡+ 4 )̡ = 90%.

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

A quarterwave vertical 
with Rrad = 37  ̡on 
average ground requires 
at least 30 equivalent  
/͒4 surface radials to 

achieve at least 70% 
radiation efficiency.

І ƻŦ ˂κп 

radials

Ground 

[ƻǎǎ ʍ

˂κп ±ŜǊǘƛŎŀƭ 

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%

Loss Resistance = Measured Feedpoint Resistance - Calculated Radiation Resistance

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Loss Resistance (Rloss) of Elevated Tuned Radials
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и As the radial height above ground is increased, the 
loss resistance (Rloss) is significantly reduced. As 
tuned radials are elevated above ground, capacitive 
coupling is decreasing as a reciprocal (C = Ώo A / d). 

и Even a very small increase in radial height above 
ground will make a large difference in loss (inversely 
proportional), especially if number of radials is small.

V Four 80M ground radials at 0.005% ͒  above 
ground (ũċǃŔŰŊЮŸŰЮƣőĲЮŊƖŸƨŰĬеЮӎдΣΥѠ), there is at 
least -5 dB loss of potential gain.

V Raising those same 4 radials to 0.100% ͒  above 
ŊƖŸƨŰĬШыΟЮΜњШŉŸƖШΥΜ~ьЯШƣőĲШloss is reduced to just 
-0.5 dB of potential gain.

и Based upon my field testing, I recommend at least 
2% ͒ radial elevation or, if possible, 5% ͒ radial 
elevation above ground ыӂΟΦњШŸŰШΞΜ~ьЮ

Source: N6LF, Rudy Severns (2010)

Ground level 
= 0.005 ͒ %

ΟњШċĤŸƻĲШ
ground (80M)

-0.5 dB

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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4 to 64 Ground Radials versus 4 Elevated Radials

14

и 0 dB point is normalized  to the signal strength of four /͒4 radials lying on the surface (0 dB).

Source: N6LF, Rudy Severns (QST, 2010)

4

64

+5.8 dB Increasing # of 
Ground Radials

+5.9 dB

и 4 elevated radials at a height of 4 feet  are equivalent to sixty -four /͒4 radials lying on the ground.

Only 4 Radials Elevated Above 
Ground at Different Heights

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Antenna Return Current Paths

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

(A) Using only a ground rod forces return 
currents to travel entirely through lossy soil 
resulting in very low radiation efficiency.

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

(C)Two elevated radials  resulting in 2 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 (CMC) 
flow on the coaxial shield as a random 
length radial resulting in lower efficiency.

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

Always use an RF choke at 
vertical antenna feedpoint!

Ground rod only Buried radials

Elevated radials CMC on coax shield without RF choke

DC ground for the 
common radial points 

(A) (B)

(C) (D)

(E)

Worst case to Best

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Ground Mounting versus Elevated Mounting: Efficiency

16
Source: K7IR, Mike Mertel (2010)

Ground Mounting

Sixteen 0.25 wl (wavelength) radials of lowest 

intended frequency give 55%-60% efficiency

Elevated Mounting

ӛ PERformer elevated radial end height ranges 
from 5% ͒ on 20M to 16% ͒ Шon 6M

ӛ PERformer efficiency avgs 90.8% from 20M-6M

ӛ PERformer droop angle = 5o - 22o 

(2% )͒

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Why Elevating ¼ Wave Radials Is Important т RF Current!
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Source: AA5TB, Steve Yates (2010)

иWhen RF energy is applied to a halfwave antenna at its 
resonant frequency , a standing wave is created with 
both current and voltage 90° out of phase.

иCurrent maximum (radiation max ) is at center of 
halfwave with low impedance (70̡ ), voltage maximum 
(radiation min ) is at ends with high impedance (1000s̡ ).

иHigh current in the ¼ wave radials  is radiated when 
elevated or is absorbed in earth when laying on the 
ground. Radials are the other half of ¼ wave antenna!

иMuch less current in OCHW counterpoise (high voltage) 
and negligible current  in EFHW counterpoise. As a 
result, these do not need to be elevated for efficiency.Dipole

73̡
¼ Wave 

w/radials
37̡

50%     50%

OCHW
200-450̡

(4/9:1)

80%   20%

EFHW
2450-ΞΥΜΜ̡

(49/56:1)

95%   5%

Radiation Max Radiation MinRadiation Min

Current (I) = V / R ,
where Impedance (j0) = R

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Elevated Radials and the Droop Angle

18

Source: K7IR, Mike Mertel (2010)

и As radials are elevated, the capacitive coupling losses go down 
dramatically. In fact, two elevated ͒ /4 radials have a loss resistance of a 
few ohms ~4 ̡  versus ground ͒ /4 radials with a loss resistance of 85 ̡ . 

и Thus, Eff% = 37 ̡  / (37 ̡  + 4 ̡ ) = 90% efficiency with 2 elevated radials, 
and Eff% = 37 ̡  / (37 ̡  + 85 ̡ ) = 30% efficiency with 2 ground radials. 
When 100W is applied to these antennas, delta dB increase
= 10 x log (90 watts / 30 watts) = +4.8 dB gain! 

и Elevated tuned radials will lower the resistive impedance of the antenna 
due to their lower loss resistance. To raise impedance closer to 50 ̡, 
the elevated radials can be drooped  or angled downward slightly.

и If droop angle cannot be angled downward enough, antenna element 
can be lengthened up to 20% longer to raise resistive  impedance but 
the radials will need to be shortened accordingly for resonance. In 
essence, this can be thought of as off -center feeding (OCF) a dipole.

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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Summary of Key Points for a Quarterwave Vertical Antenna

19

и The ground system (radials) in the reactive near field of an antenna primarily 
determines loss resistance (Rloss) which, when coupled in series with the 
radiation resistance (Rrad ), has a huge impact on radiation efficiency: 
Eff% = Rrad / (Rrad + Rloss) ǂШΝΜΜӖЯШӛШŊŸċũШŔƚШƣŸШminimize Rloss

и The loss resistance of ground radials becomes very significant when using a 
small number of ͒ /4 radials on a quarterwave. Two ground radials have a 
loss resistance of 85 ̡  which yield a radiation efficiency of only 30%. At 
least 30 ground radials are required to have an efficiency over 70%.

и Elevating radials off the ground significantly reduces loss resistance. In fact, 
120 ground radials are required to equal the >90% radiation efficiency of just 
2 elevated tuned radials. As radials are raised off the ground, the loss 
resistance drops as the reciprocal of distance (d): capacitance = Ώo Area / d. 

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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PERformer Quarterwave
Vertical Antenna with two

Elevated Tuned Linked Radials

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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PERformer Quarterwave Vertical (Portable, Elevated, Resonant)

21

иThe PERformer is a Portable, Elevated and 
Resonant quarterwave vertical antenna for 
40M-6M sitting on a PVC ground spike or tripod 
with the ŉĲĲĬƓŸŔŰƣШċĤŸƨƣШΠќ-ΡќШoff the ground 
and 2 elevated tuned linked radials which are 
placed 90 degrees apart. 

иComputer modeled extensively in 4NEC2 to 
design and optimize performance. Efficiency 
averages over 90% across all six bands with an 
SWR less than 1.10:1 on each band (20M-6M).

иDesigned to be lightweight  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.ÂEÅŉŸƖůĲƖШƚőŸƽŰШƽŔƣőШċШΠΜњШ

furniture-grade PVC tube on a 
Chameleon  ground spike.

PERformer shown with a portable 
ΤΥњШPolarduck  tripod with very 

broad and adjustable leg lengths.

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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PERformer Vertical with Two Elevated Tuned Linked Radials

22

ΠΜњ
PVC 
Tube

Spike Mount

Mirror 
Mount

ΟΣњ
Fiberglass 

Stakes

2 Elevated Tuned 
Radials 90o apart 

with linked segments 
for each band

17-foot 
Telescoping 

Whip for 
20M-6M

RF 
Choke

Feedpoint

ΡΞњ

Coax

Antenna System Parts List:   (substitute as desired)

и Chameleon  ΝΤќШƣĲũĲƚĦŸƓŔŰŊШƽőŔƓ

и WRC  Sporty Forty coil for 40M operation

и [ƨƖŰŔƣƨƖĲШŊƖċĬĲШΠΜњШÂé9ШΝњШf?Шыtripod alternative) with 
Chameleon  spike mount including end caps

и Polarduck  ΤΥњШƣƖŔƓŸĬШƽŔƣőШƽŔĬĲƚƓƖĲċĬЯШċĬŢƨƚƣċĤũĲШũĲŊƚШ
(PVC alternative)

и Palomar Engineers  RF feedline choke at the feedpoint to 
isolate the coax shield

и ~ŔƖƖŸƖШůŸƨŰƣШƽŔƣőШΟоΥњШǂШΞΠШŰƨƣШƣŸШÉ§-239 stud mounted on 
ċШƚőŸƖƣШыΣњ-ΥњьШƣőƖĲċĬĲĬШƖŸĬ

и BNTECHGO bright orange 18-gauge wire radials

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

и [ŔĤĲƖŊũċƚƚШΠΥњШĲŰĬШƚƣċťĲƚШƣŸШĲũĲƻċƣĲШƖċĬŔċũƚШыmust be non-
conductive without any interior metal)

и Two elevated radials  are placed 90o apart to 
provide modest gain and directionality (front-to-
back) between the span one band at a time.

и Radial wire segments  are linked to provide a 
fixed length for each band. Telescoping whip is 
adjusted to resonance in the field.

и An RF choke must be placed at the feedpoint to 
isolate the coax shield from the antenna system 
alleviating common mode currents (CMC).

90o angle between radials

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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PERformer Vertical with Two Elevated Tuned Linked Radials

23

10M     12M     15M     17M     20M

10
M

   
  1

2M
   

  1
5M

   
  1

7M
   

  2
0M

Te
le

sc
op

in
g 

W
hi

p

Mirror
Mount Fiberglass

Stake

Fiberglass
Stake

Mueller  
Clip

Mueller  
Clip

6M

e.g., If 10M is desired, insert non-
conductive segment after 10M and 

before 12M on both elevated radials.

иEach band has two elevated tuned radials  connected to 
the feedpoint by a Mueller  clip which are 90 degrees apart.

иRadials are linked with spade connectors and terminated 
by another clip to a non-conductive fiberglass stake .

иStakes can either be moved to accommodate band change 
вШor preferably, a short non -conductive segment (e.g., a 
paracord with connectors) can be inserted in the wire line to 
terminate the radial at that point without having to move the 
stakes for each band change. Paracord Insert

Πњ
Non-conductive paracord

segment inserted to terminate 
radials for any band

https://www.paypal.com/donate/?hosted_button_id=ASPVAN2S3QBRY
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PERformer Vertical with Two Elevated Tuned Linked Radials

24

Not to scale.

Paracord Insert
Πњ

Non-conductive paracord
segment inserted to terminate 

radials for any band

ÅTo construct this elevated radial system, first cut two ΠΝЮΡњ pigtails connected together at 
the feedpoint for each linked radial string. The feedpoint clip of ΝЮΡњ plus the ΠΝЮΡњ 6M 
feedpoint pigtail becomes the ΠΟњШ6M radial length.

ÅNext, cut a pair  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 by adjusting the whip length .

ÅWhen the paracord segment is inserted, the total  length of each elevated radial is:

Á6M = ΠΟњ   (ΝЮΡњ feedpoint clip + ΠΝЮΡњ feedpoint pigtail)
Á10M = ΥΜњ (ΠΟњ 6M radial length + ΟΤњ incremental 10M section)
Á12M = ΦΣњ   (ΥΜњ 10M radial length + ΝΣњ incremental 12M section)
Á15M = ΝΞΜњ (ΦΣњ 12M radial length + ΞΠњ incremental 15M section)
Á17M = ΝΠΦњ   (ΝΞΜњ 15M radial length + ΞΦњ incremental 17M section)
Á20M = ΝΦΥњ   (ΝΠΦњ 17M radial length + ΠΦњ incremental 20M section)

Endpoint 
Pigtail

Feedpoint 
Pigtail

ΠΝЮΡњ
ΝЮΡњ

Fiberglass
Stake

17M = ΞΦњ10M = ΟΤњ12M = ΝΣњ15M = ΞΠњ 20M = ΠΦњ

ΝЮΡњ

Whip & 
Mount
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PERformer Vertical Antenna Deployment on a Tripod
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PERformer shown with a 
ƓŸƖƣċĤũĲШΤΥњШPolarduck  
tripod with very broad and 
adjustable leg lengths for 

stability. This portable 
tripod is recommended for 
its lightweight frame and 

adjustable broad leg spread 
for all types of locations.

A Chameleon  ΝΤќШƽőŔƓШŸŰШ
a mirror mount is attached 
ƚĲĦƨƖĲũǃШƣŸШċШΞќШċũƨůŔŰƨůШ
ƣƨĤĲШƽŔƣőШΝњШ§?ЮШ ШMueller  
clip is used to combine two 
elevated tuned radials and 
clipped firmly to the mount 

to provide an effective 
elevated counterpoise.

A Mueller  clip is used at the 
end of each elevated radial to 
ċƣƣċĦőШŸŰƣŸШċШΠΥњШŉŔĤĲƖŊũċƚƚШ
(non-conductive) stake. The 
clip can easily be slid up and 
down (droop) to finetune the 
feedpoint impedance for low 
SWR. These stakes are used 
for both deployment options.

и The PERformer antenna tripod 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.

и The ΝΤќШƣĲũĲƚĦŸƓŔŰŊШƽőŔƓШis attached to a 
ƚƣċŰĬċƖĬШůŔƖƖŸƖШůŸƨŰƣШƨƓШӈΡΞњШƣŸШƓƖŸƻŔĬĲШƣőĲШ
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.

и A Mueller  clip is used to combine the two 
elevated radials and attach them to the 
mirror mount. A Mueller  clip at the end of 
each radial is attached to a non-conductive 
fiberglass stake to keep it taut and elevated.
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PERformer Vertical Antenna Deployment on a PVC Spike Mount
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PERformer shown with 
ċШΠΜњШŉƨƖŰŔƣƨƖĲШŊƖċĬĲШ
Âé9ШƣƨĤĲШыΝњШf?ьШŸŰШċШ
Chameleon  spike 

mount. The non-
conductive support 
structure provides 

both elevation and a 
secure mount for the 

telescoping whip and 2 
elevated tuned radials.

ШΟоΥњШőŸũĲШŔƚШĬƖŔũũĲĬШ
into the PVC top cap 
ƣŸШŔŰƚĲƖƣШċШΟоΥњǂШΞΠШĤŸũƣШ
ċŰĬШŰƨƣШыċĤŸƨƣШΝЮΡњШ

long) to accept a mirror 
mount that supports 
ƣőĲШΝΤќШChameleon  
whip. A split lock and 
fender washer is used 
on both the inside and 
outside for a secure fit. 

и The PERformer 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.

и The ΠΜњШŉƨƖŰŔƣƨƖĲШÂé9ШƣƨĤĲШand 
spike is a study mount for the 
telescoping whip. It provides a non-
conductive support structure that 
elevates both the antenna feedpoint 
ċŰĬШƣőĲШƣƨŰĲĬШƖċĬŔċũƚШċĤŸƨƣШΡΞњШ
above the earth when combined 
with the mirror mount.

ШΟоΥњШőŸũĲШŔƚШĬƖŔũũĲĬШ
into the PVC bottom 

cap ƣŸШŔŰƚĲƖƣШċШΟоΥњǂШΞΠШ
ĤŸũƣШыΝЮΡњ- ΞњШũŸŰŊьШċŰĬШ
nut to easily screw into 
the Chameleon  spike 
mount or short tripod, 

e.g. WRC Mini-Pod. 

The mirror mount 
screws into the long 

bolt at the PVC top cap 
for the telescoping 
whip. A Palomar 

Engineers  RF choke 
(or suitable equivalent) 
must always be used at 
the feedpoint to isolate 

the coax shield from 
the antenna system. 
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PERformer Vertical with Two Elevated Tuned Linked Radials
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PERformer elevated 
radial system shown 

coiled up with a Velcro  
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.

The elevated 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. 

A zippered 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.

ÑƽŸШΠњШnon-conductive 
radial segments (using 
paracord) have spade 

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.

The ratcheting Wirefy  
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 

have internal glue that, 
when heated, provides a 
very secure connection. 
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4NEC2 Model Computations Provide Radial Droop Angle
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ΠΜњ
PVC 
tube

Spike Mount

Mirror 
Mount

F = 
ΡΞњ

Feedpoint

H = 
ΟΣњ

D = 
ΝΣњ

Radial End 
Height

2x Tuned Radials 
ӀШxĲŰŊƣőШÅњ

Delta 
Feedpoint

Height

ΆDroop Angle

To calculate the Radial Droop Angle Ά:
ÅÉŔŰШΆ = opposite side / hypotenuse
ÅOpposite side = D = ( F т H )
ÅHypotenuse = R
ÅΆ = arcsin [ (F т H ) / R ]

W = 
Whip 
xĲŰŊƣőњ

Å20M Whip Length (W) = ΞΜΤњ  (+4.8% longer than 234/f)

ÅRadial Length (R) = ΝΦΥњ  (+0.5% longer than 234/f)

ÅDroop Ά = arcsin ( ?ӀΝΣњ / ÅӀΝΦΥњШ) x 180/͗  =   5o

Examples т 4NEC2 computes W, R for cШӀШΟΣњ:

4NEC2 model calculations are a great starting point but 
field testing over real ground must be performed!

Å6M Whip Length (W) = ΣΠњ  (+16.5% longer than 234/f)

ÅRadial Length (R) = ΠΟњ  (-21.9% shorter than 234/f)

ÅDroop Ά = arcsin (?ӀΝΣњ / ÅӀΠΟњШ) x 180/͗  =   22o

If you move the end stakes for each band change, your 
radial droop angle will change. Alternatively, if you 
insert a non-conductive segment in the line, the droop 
angle will remain consistent at the 20M band droop.
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4NEC2 Model Computations for the PERformer Antenna
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иThe model calculated whip and radial lengths  for 
each of the six bands. Whip length ranges from 
+5% ͒ /4 on 20M to +16% ͒ /4 on 6M.  Elevated 
radials from +0.5% ͒ /4 on 20M to -22% ͒ /4 on 6M. 
The whip OCF % from 51% on 20M to 60% on 6M.

иThe radial end height is fixed at ΟΣњШwhich 
provided great elevation for each band ranging 
from 5% ͒ /4 on 20M to 16% ͒ /4 on 6M at the end. 
The overall elevation reduces capacitive coupling 
to the ground and increases efficiency.

иWith the feedpoint height at ΡΞњ and the radial end 
at ΟΣњ, the radial droop angle from the feedpoint 
to the radial end ranged from 5o on 20M to 22o on 
6M ƽőŔĦőШƖĲƕƨŔƖĲƚШċШũŸŰŊĲƖШƖċĬŔċƣŸƖШŉŸƖШüШӇШΡΜЮШfŉШ
ǃŸƨШĬŸŰќƣШůŸƻĲШƣőĲШĲŰĬШƚƣċťĲЯШƣőĲШĬƖŸŸƓШċŰŊũĲШ
remains consistent at the 20M band droop.

Length Inches

20M 14.250 16' 5" 197

17M 18.140 12' 11" 155

15M 21.350 11' 0" 132

12M 24.940 9' 5" 113

10M 28.400 8' 3" 99

6M 51.000 4' 7" 55

Target 
Freq 
(Mhz)

Band

234 / f

Length Inches
Whip 

vs. Calc
Whip

OCF %

17' 3" 207 4.8% 51.1%

13' 9" 165 6.8% 52.6%

12' 0" 144 9.2% 54.5%

10' 6" 126 11.8% 56.7%

9' 5" 113 14.3% 58.5%

5' 4" 64 16.2% 59.8%

Radiator

Length Inches
Radial 

vs. Calc

Radial 
End  
(in)

Radial 
End 
ƻƚЮШ͒

Droop 
Angle 
(deg)

16' 6" 198 0.5% 36 5% 5

12' 5" 149 -3.7% 36 6% 6

10' 0" 120 -8.8% 36 7% 8

8' 0" 96 -14.7% 36 8% 10

6' 8" 80 -19.1% 36 9% 12

3' 7" 43 -21.9% 36 16% 22

Counterpoise
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4NEC2 PERformer Performance Specifications across 6 Bands
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иThe model computed several performance specifications including SWR, reflection 
coefficient , peak radiation angle , gain, front -to-back , -3.00 dB beamwidth as well 
as overall antenna efficiency  and impedance .

V Antenna Efficiency = 90.8%
V SWR = 1.02:1
V Reflection Coefficient = -44.0 dB

V Gain = 0.41 dBi, Front-to-Back = 3.09 dB
V Peak Radiation Angle = 24o (beamwidth 54o, 9o)
V -3.00 dB Beamwidth = 44o (delta +30o, -15o)

иThe average performance specifications across all six bands are:

Length Inches

20M 14.250 16' 5" 197

17M 18.140 12' 11" 155

15M 21.350 11' 0" 132

12M 24.940 9' 5" 113

10M 28.400 8' 3" 99

6M 51.000 4' 7" 55

Target 
Freq 
(Mhz)

Band

234 / f

Length Inches
Whip 

vs. Calc
Whip

OCF %

17' 3" 207 4.8% 51.1%

13' 9" 165 6.8% 52.6%

12' 0" 144 9.2% 54.5%

10' 6" 126 11.8% 56.7%

9' 5" 113 14.3% 58.5%

5' 4" 64 16.2% 59.8%

Radiator

Length Inches
Radial 

vs. Calc

Radial 
End  
(in)

Radial 
End 
ƻƚЮШ͒

Droop 
Angle 
(deg)

16' 6" 198 0.5% 36 5% 5

12' 5" 149 -3.7% 36 6% 6

10' 0" 120 -8.8% 36 7% 8

8' 0" 96 -14.7% 36 8% 10

6' 8" 80 -19.1% 36 9% 12

3' 7" 43 -21.9% 36 16% 22

Averages:

Counterpoise

SWR
Ref 

Coef 
(dB)

Rad 
Angle 
(deg)

Gain 
(dBi)

FtB 
(dB)

-3 dB BW 
(deg)

Efficiency Impedance

1.01 -47.4 26 0.00 3.55 49 88.1% 49.6 + j 0.14

1.02 -41.5 25 0.14 3.48 48 89.5% 49.2 + j 0.22

1.01 -50.3 24 0.26 3.19 46 90.4% 49.7 + j 0.12

1.01 -43.4 24 0.38 2.93 43 91.3% 50.7 - j 0.03

1.02 -40.7 23 0.50 2.66 41 91.9% 50.9 - j 0.29

1.02 -40.4 20 1.20 2.75 38 93.9% 49.1 + j 0.21

1.02 -44.0 24 0.41 3.09 44 90.8% Z = R + j X

Specifications
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4NEC2 Model Graphics for the PERformer: 20M (14.250 MHz)
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иThe model calculated SWR to be 1.01:1 at 14.250 MHz with a reflection 
coefficient of -47.4 dB. The ±1.50:1 SWR bandwidth covers the band.

иIt also calculated maximum radiation at angle 26o with +0.00 dBi gain 
and 3.55 dB FtB within a -3dB beamwidth of 49o (-17o, +32o) = 9o to 58o.

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

Note that 
purple  and 
red are 
strongest 
radiation.
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4NEC2 Model Graphics for the PERformer: 17M (18.140 MHz)
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иThe model calculated SWR to be 1.02:1 at 18.140 MHz with a reflection 
coefficient of -41.5 dB. The ±1.50:1 SWR bandwidth covers the band.

иIt also calculated maximum radiation at angle 25o with +0.14 dBi gain 
and 3.48 dB FtB within a -3dB beamwidth of 48o (-16o, +32o) = 9 to 57o.

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

Note that 
purple  and 
red are 
strongest 
radiation.

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


KJ6ERCalifornia

KJ6ER
California© 2025 by Greg Mihran, KJ6ER

4NEC2 Model Graphics for the PERformer: 15M (21.350 MHz)
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иThe model calculated SWR to be 1.01:1 at 21.350 MHz with a reflection 
coefficient of -51.2 dB. The ±1.50:1 SWR bandwidth covers the band.

иIt also calculated maximum radiation at angle 24o with +0.31 dBi gain 
and 3.37 dB FtB within a -3dB beamwidth of 46o (-15o, +31o) = 9o to 55o.

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

Note that 
purple  and 
red are 
strongest 
radiation.
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4NEC2 Model Graphics for the PERformer: 12M (24.940 MHz)
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иThe model calculated SWR to be 1.01:1 at 24.940 MHz with a reflection 
coefficient of -43.4 dB. The ±1.50:1 SWR bandwidth covers the band.

иIt also calculated maximum radiation at angle 24o with +0.38 dBi gain 
and 2.93 dB FtB within a -3dB beamwidth of 43o (-15o, +28o) = 9 to 52o.

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

Note that 
purple  and 
red are 
strongest 
radiation.
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4NEC2 Model Graphics for the PERformer: 10M (28.500 MHz)
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иThe model calculated SWR to be 1.02:1 at 28.500 MHz with a reflection 
coefficient of -40.7 dB. The ±1.50:1 SWR bandwidth is 800 kHz.

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

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

Note that 
purple  and 
red are 
strongest 
radiation.
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4NEC2 Model Graphics for the PERformer: 6M (51.000 MHz)
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иThe model calculated SWR to be 1.02:1 at 51.000 MHz with a reflection 
coefficient of -40.4 dB. The ±1.50:1 SWR bandwidth is 1400 kHz.

иIt also calculated maximum radiation at angle 20o with +1.20 dBi gain 
and 2.38 dB FtB within a -3dB beamwidth of 38o (-12o, +26o) = 9 to 46o.

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 for PERformer Quarterwave: 20M-6M
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20M Band 15M Band17M Band

12M Band 6M Band10M Band

SWR Efficiency:
Å1.10:1 = 99.8%
Å1.20:1 = 99.2%
Å1.30:1 = 98.3%
Å1.40:1 = 97.2%
Å1.50:1 = 96.0%
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PERformer Radials @ 90° versus 180°: 15M (21.350 MHz)
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иComparing the PERformer computer 
model performance with directional radials 
@ 90° versus omnidirectional @ 180°

Elevation
off Horizon

90° Span 
(directional)

180° Span 
(omni) Delta

+24°
Forward +0.31 dBi -0.67 dBi +0.98 dB

+40°
Regional

-0.31 dBi -2.67 dBi +2.36 dB

+60°
NVIS

-3.26 dBi -8.53 dBi +5.27 dB

-24°
Rear -3.09 dBi -0.67 dBi +2.42 dB

иDirectional configuration provides 3.37 dB front-to-back at 24° elevation
иRadial span does not impact antenna radiation efficiency  of 90.4%

NVIS
Regional

+24o

+60o-60o

-24o

90o

+40o
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Understanding a
Few More Antenna Fundamentals

(Keeping it High-Level)
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Elements Quarterwave Halfwave
Antenna Height и Quarterwave, Shorter и 2 x Quarterwave, Taller

Ground Configuration и Ground plane required
with /͒4 equivalent radials

и Single counterpoise wire 
recommended, 5% - 50% ͒

Radiation Resistance и 34 - 38 ̡ , when fed at bottom и 68 - 72 ̡ , when fed at center

Feedpoint Impedance и 45 - 75 ̡ , reasonable match
for traditional 50 ̡  coax

и 1,800 - 3,000 ̡ , LC tuned circuit or 
transformer required for 50 ̡  coax

Radiation Efficiency и 20% - 90%, depending on type of 
the ground plane utilized

и 95% - 99%, not including the 
transformer insertion loss

Radiated Gain и Higher at angles > 25 degrees и Higher at angles < 25 degrees

Peak Radiation Angle и 25 - 35 degrees и 10 - 20 degrees

Radiation Beamwidth -3dB иWider, broader, more regional и Narrower, concentrated, more DX

Primary Reach и Regional, Continental и Continental, Global

Comparing Quarterwave and Halfwave Vertical Antennas

40
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Feedpoint Impedance as Monopole Length Increases

41

Source: AA5TB, Steve Yates (2010)

иAccording to modeling, impedance (Z) of a 
vertical monopole varies as its length is 
increased between 0.01 ͒ Шand 1.00 ͒ .

иAssuming the ground plane is perfectly 
electricall y conducting (not real world), 
note the points where j X = 0 ̡ . These are 
where the antenna is purely resistive and 
resonant:  0.25 ͒ , 0.47 ͒ , and 0.74 ͒ . 

иThe most significant difference between 
these points is the impedance (Z). For a 
monopole length of 0.25 ͒ , the purely 
resistive impedance is 37 ̡ . At 0.47 ͒ , it is 
2,450  ̡ , and at 0.74 ͒ , it is about 38-40 ̡ .

Impedance: Z = R Ñ j X (ohms)

0.25 0.47 0.74

2,450 ̡

37 ̡ 38 ̡

Im
pe

da
nc

e

R

X
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