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Tuneable Coupled (Multi-) 

Mode Small Antennasð

CFA, CFL, EH etc? 

By Professor Mike Underhill - G3LHZ
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Where it started in 1994 ïPublic Demonstration at IEE and 

University of Surrey Inaugural Lecture
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3 HF Transmitting loops in an attic ~l/25 to l/6  (in 2004)

In picture from 

furthest to nearest:  

(a)  AMA3 ï

13 to 30MHz, 

diameter = 83cm

(b)  Experimental 

double tuned 3.5 to 

30MHz loop on 

rotator ï

diameter = ~1.25m

(c)  AMA5 ï

3.4 to 11MHz,  

diameter = 1.7m

A ósmall antennaô 

is contained inside 

a sphere of radius 

l/2p
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HFC2000 Demonstration  of: 

(a) Fields around a Loop  

(b) óCordless Weldingô
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Practical Small Antenna Efficiency 

ÅWhat goes in must come out as RF or heat. Commonsense and 

physics says so. This applies to all antennas.  

ÅEfficiency (Eff) = Power out (Pout) divided by Power in (Pin).  

ÅAn inefficient small tuned loop with 100 watts will get hot. 

ÅDoes your loop get hot? Noðthen it is efficient.  

ÅAn inefficient loop with 400 watts will self-destruct. Plastic will 

melt.  Solder will melt.  Wood and paper will self-ignite (above 

451°F or 233°C).  

ÅHas your high power loop burnt up? Noðthen it is efficient. 
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óHeat Balanceô Measurement of 

Antenna Efficiency (as in Nov 

2004 Radcom article on Loops)

Å The RF power lost as óheatô is the same as the DC power  
the loop required to raise the same or an exactly similar 
loop to the same temperature.  

Å The DC power heats a resistance wire inside the loop

Å Non-contact temperature measurement by Thermal 
Camera (below) or CHY 110 non-contact thermometer 
(bottom right).

Å Thermal picture is of Marc Harper (PhD student). 

Å Thermal emissivities of two loops are made equal by 
black paint patches at measuring points on the loops.
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Thermal Camera Heat Balance  Efficiency 

Results  for 1m diameter Loop of 10mm 

Plumbing Copper Tube  

Frequency 

in MHz

1.98 3.7 7.03 10.12

Efficiency 

in %

74 86 88 90
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Tuned Loop Efficiency ïThe Controversy is óClassical Theory 

versus Practical Measurementsô (óWideband Qô measurements)

ÅTwo turn 1m loop with 

10mm copper tube:

1.Measured RSS  

Efficiency = Eff(k)

>88% (-0.6dB)

2.Measured non-RSS 

(Classical) Efficiency 

using Kirchhoffôs Laws = 

Effe(k) >66% (-1.8dB)

3.Traditional óclassicalô 

prediction of Loop Efficiency 

= Eff trad(k). At 1.8MHz = 

0.08% 

or -31dB !!!!
Classical 1.8MHz = -31dB

Theory:- 3.6MHz = -19dB

14MHz = -3dB 5MHz  = -13dB

28MHz = -<1dB 7MHz = -6dB
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The RSS (Root Sum of the Squares) 

Capture/Suppression Effect 
Å The RSS (Root-Sum-of-the-Squares)  Law is found  throughout in Physics.  It is the 
law of óaddition of powersô.

Å An example is in finding the noise and signal voltages in a radio receiver.   

Å We find (originally by Wideband-Q measurements of small loops) that the RSS 
Law applies to the radiation and loss resistances in any antenna 

Rtotal = Õ(Rrad
2 + Rloss

2) 

Å In an antenna with several radiation modes we find 
Rtotal = Õ(Rrad1

2 + Rrad2
2 + Rrad3

2 + Rloss
2) 

Å For a loop the radiation modes include  (a)  Dominant Loop Mode, (b) Dipole Mode, 
(c) Feeder or Ground-plane Radiation 

Å The strongest component ócapturesô the result and ósuppressesô all others.

Å The explanation is that all resistance components are distributed and are not directly 
coupled to each other.  Kirchhoffôs  Circuit Laws do not apply.

Å Note that feeder radiation is suppressed as soon as antenna  efficiency is above 50%.

Å And as loop size is decreased there is a catastrophic drop in efficiency. (At ~30cm?) 

Å Feeder radiation is nearly always suppressed because it is normally small.  

Å Feeder radiation, as an explanation of the better than theoretical efficiency of a 
loop, is a myth. (The miniVNApro shows this experimentally.)



RSGB Convention 10 Oct 2010 10

Small Antenna Bandwidth and Q

ÅFor 3dB bandwidth B at frequency f  we have  Q = f/B

ÅLack of bandwidth is the down side of any small antenna. 

ÅEfficient single tuned small antennas have a measured  Q ~ 242.  

ÅWe get Q = 242 from óheuristic theoryô. 

ÅFirst order EM coupling óheuristic theoryô gives Q = (2)́3 = 248 

ÅThe second order EM coupling correction gives 

Q = (2́ )3 ×{1 ï1/2́ )2} =242



Antenna Analysers for Q 

Measurement 
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How to measure Antenna Q

1. At the frequency of interest f0 match the antenna to 50 ohms to give 

1:1 SWR  (on Antenna Analyser). 
(A low Q ATU may be used.  It will not affect the results significantly.  

QATU <0.1QAnt will give <1% error. It is RSS capture /suppression effect!)

2. Detune (the analyser) to lower frequency f1 where the SWR is 2.62.

3. Detune to higher frequency f2 where the SWR is 2.62.

4. The antenna Q is then:  Q = f0 /(f2 - f1)

Why SWR= 2.62?

ÅHalf-power or -3dB points occur when the  reactance of tuned circuit becomes 

equal to °j50 ohms, where j =Õ(-1).   

ÅReflection coefficient ɟ=  {1-(1 °j)}/{(1+(1 °j)}.

ÅModulus of the reflection coefficient = | ɟ|= 1/ Õ(22 +1) = 1/Õ5

ÅSWR = (1+|ɟ|) / (1+|ɟ|) = (1+ 1/Õ5)/(1 - 1/Õ5) = 2.6180
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Loop capacitor voltage relative to 50 ohm matched input 

voltage on Tektronix TDS 210 scope using MFJ269 antenna 

analyser as a matched source 
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miniVNA Vector Network Analyser
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miniVNA ïóDETô connection makes it a two-port VNA  

for ótransmissionô measurements
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LPA-1C Ramsey Linear Power Amplifier Kit: * Frequency: 

100kHz - 1GHz , * Output: 1W, * Supply: 12 - 15V DC @ 250mA

Gain of 25 ï30dB extends transmission range 

of two port VNA by > 10 times

http://www.ramseyelectronics.com/largepic.asp?image=LPA1


RSGB Convention 10 Oct 2010 17

miniVNA pro Vector 

Network Analyser

The new miniVNA PRO, the big brother of the well-known miniVNA, is an extraordinary 

and unique handheld vector network analyzer that makes available a multitude of new 

features and capabilities which are perfect for checking antennas and RF circuits for hams 

and commercial users.Together with your PC/Laptop, you can add to your laboratory the 

further advantages of having this first-class VNA instrument. 

This is the worldôs first wireless analyzer capable of scanning and sending the data using 

an integrated Bluetooth module to a remote PC/Notebook up to 100 meters from the 

miniVNA PROôs location.This makes real-time antenna setup easy! 



25cm loop tuned to 50 MHz with sliding coiled wire as capacitor 

at top. Matched by twisted gamma match on right. 

ÅMeasured with ófloatingô, 

Bluetooth connected, 

miniVNApro and no feeder.  

ÅAttaching a ground makes 

practically no difference to the 

SWR and impedance plots

ÅThe loop nulls are symmetrical 

as expected for no feeder 

radiation.  

ÅLoops óworkingô by feeder 

radiation is a myth.  

ÅSmall loops are efficient without 

feeder radiation!
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Example Q measurement of 25cm loop using 

miniVNApro with Bluetooth connection. 

Å Markers at 3dB points, at SWR = 2.62.  Q = 50.4/0.349 = 144.   
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Array Solutions 

Vector Network Analyser 

VNA 2180

Main Features

Port A is equivalent to an antenna analyzer (Similar to the AIM4170C). Port B has a 

50 ohm input impedance with return loss greater than 30dB.  Port B Nominal 

Dynamic Range: 100dB up to 50MHz, 85dB up to 180MHz.  Programmable RF 

amplitude for Port A(+7 to ï19 dBm).  Resistance and reactance measurements of 

antennas and discrete components.  Impedance measurements through filters or 

networks.  Markers for impedance scans and Smith charts.  Parameters that can be 

plotted include: Resistance and reactance for series or parallel equivalent circuits, 

SWR or reflection coefficient (S11), Return loss, Phase angle with sign, Two port 

network transmission (S21), Cable length, impedance, loss, and velocity factor, 

Distance to fault (open or short). Smith chart displays (featuring phase rotation and 

zoom).  Band scan to check for interfering signals. Quartz crystal parameter 

measurements.  Pre-programmed functions, such as tuning a ¼ WL stub, and many 

more.  Calibration loads are included.  No internal adjustments.  Optically isolated 

USB interface to PC.  



RSGB Convention 10 Oct 2010 21

MiniVNA pro plot of AMA3 ïas used for the ófluorescentô tube 

demo.  Q = 281
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MiniVNA

Pro:- Smith 

Chart plot 

of AMA3
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Wideband-Q ó Heuristicô Method for Measuring All 

Radiation Resistance and Loss Components

Å Relies on measuring Q over as wide a tuning range as possible and fitting these 
measurements heuristically to a simple equivalent circuit model. 

Å Components can be separated because each varies differently with frequency and, 
or antenna size.

Å The value of the model parameters for each component are chosen to give the best 
fit of model and experiment. Accurate if Q > ~15.

Å Inductance of loop or capacitance of dipole/monopole was originally assumed 
constant with frequency up to antenna self resonance.  

ïThe latest (miniVNA)  measurements indicate that loop inductance increases 
weakly with frequency. An  approximately f1/2 law has been measured over a 
frequency decade. Thus loop Q appears to increase with frequency as f1/2. 

Å Total combined series resistance is then given as reactance/Q = XL/Q or Xc/Q.

Å For the best fit to measurements we find (unexpectedly) that the resistancesare 
ñuncorrelatedò and have to be combined by a ñroot mean squareò (RMS) 
operation.

ïThe explanation is that all resistance components are distributed and are not 
directly coupled to each other.
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Loop Radiation Resistance Components 

TheWideband Q óMethod is a óHeuristicô Methodthat extracts and separates from one 

set of more than n+1 measurements the following n radiation and loss resistance 

components:-

1. Traditional loop radiation resistance:-

Rtrad = 31,171 (A/l2)2 = 20p6 (D/l)4 = 19,228(D/l)4 

ƄOnly becomes appreciable near loop self resonance at fres(MHz) º22/D. 

ƄCan be enhanced near ground or with connected or unconnected ground plane.

2. Newly discovered loop radiation resistance ïthe Retarded Biot-SavartMode

Rloop = XL/Q = XLD/500. 

where XL= 2pfL, L@1mH ĬpD in practice, and Q ~ 500/D(metres)

ï This is affected by presence of the ground image and ground resistance; it can be 

halved (and the Q doubled) in the extreme case.

3. Dipole mode radiation resistance. 

Rdip@(p/2)2Ĭ20 (ka)2 = (p/2)2Ĭ20 (pD/l)2 = 487×(D/l)2

ïCan also be enhanced by presence of ground or ground planes.
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Loop Loss Resistance Components ïcontinuation.

4. Conductor losses for copper tube 

Rloss= 7.07 ³10 -6³p(Dloop /Dtube) (fMHz)
0.5

ïConductor loss resistance. Has a square root of frequency law 

because of ñskin effectò.

6. Conductor losses in nearby walls etc. Also has f1/2 characteristic. 

Varies depending on distance from walls.

6. Losses from groundconductivity sand dielectric e. These have a 

cut-off frequency fc when s= 2pfe. fc ~ 1-30MHz  

ïnovel observation?

7. Ground (re-)radiation resistance. This is not ground reflection. It 

is radiation from the induced ground currents as if the ground were 

a patch antenna. It is most marked for highly conductive ground.  

ïnovel observation?  
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Tuned Loop Mathcad Worksheet Circuit Model ïa simulation!

Features: 

ÅTuned Plots     e.g.  Smith Chart & SWR.

ÅEnvelope Plots  e.g.  SWR Envelope.    

ÅSmith Chart Plot ï10K points.

ÅChoose tuning capacitor ïplot match over frequency.

ÅChoose km Coupling(s) = 1/Ra = adjust gamma match.

ÅChoose input (gamma) inductance(s) (for SWR).

ÅEfficiencies.

ÅCapacitor Voltage and loop current.

ÅActual Voltage Ratio (0.02 watts input).

ÅQ curves

ÅOperating Bandwidth.

ÅCompare with measurements to separate all resistance components
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MJU 

Mathcad 

Loop 

Worksheet - 1 a 2¹

Choose loop dimensions:-

Dloop.m .68¹ Dtube.mm 8¹

Cu = 0.0707

Al = 0.128
Tubeloss 0.0707¹

b

pDloop.mÖ

Dtube.mm

TubelossÖ¹

Choose gamma coupling 

km. =I / ra , where ra is 

effective turns ratio.  : 

km

1

32
¹

ra km
1-

¹

Choose : C1 4010
12-

Ö¹

L1

pDloop.m
1.25

Ö

0.167Dtube.mmÖ( )0.167
10

6-
Ö¹

Choose intrinsic loop 

Qil = 300 to 600:
fres is the loop 

resonant f requency
Qil 520¹

fres 2p L1 C1Ö( )0.5è
ê

ø
ú

1-

:= fres 1.851 10
7

³=

Small Tuned Loop 
Design Worksheet
 MJU - December 2001 

Steps to plot k fmin fstep
1-

Ö fmax fstep
1-

Ö..:= f k( ) fstepkÖ:= wk 2pÖ f k( )Ö:=

Frequency ; fmin 1.8 10
6

Ö¹  to  fmax 3010
6

Ö¹ . in fstep 1010
3

Ö¹   linear steps.

Ty pical mode and loss weights:-

f or Renv : ke = O.005 to 0.025

for Rtrad : kt = 1 

f or Rground: kc = O.125 and  fg = 4MHz

dip :- for no dipole mode (e.g. 

multi-turn loop) : dip = 0

for dipole mode:     dip = 1

for ground-plane mode: dip = ~1.5

for elev ated g-p loop: dip = 2

ke 0.08¹
Impedance Equation f or Loop

kt 0.4¹

Z k i wkÖ L2Ö ra
2-

i wkÖ L1Ö Rtot k( )+( )1-
i wkÖ C1Ö+è

ê
ø
ú

1-

Ö+:=

kc 0.1¹
ra is the ef f ectiv e 

transformer ratio of  

the input (gamma) 

match .

Gk( )
Z k 50-

Z k 50+
:= VSWR k( )

1 Gk( )+

1 Gk( )-
:= fg 1010

6
Ö¹

kdip 0.39¹

1

0.8

0.6

0.4

0.2

0

GridZ

Impedance

Smith Chart  - ( r = 0.2 is  1.5:1 SWR)

a = 1 giv es 100% coupling of   

modes. Larger a decouples 

the modes. Use a =2?
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Comparison of measured Q values with model predictions over the 

loop tuning range.  Upper with RSS power combining of radiation 

and loss resistances.  Lower with resistances added conventionally. 
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Q
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a
lu
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s

Comparison of  simulated and 

measured Q values.
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68cm loop 

over wet 

field

BW k( )
0.35f k( )Ö

QBW k( )
:=

Operating Bandwidth 

f or 1.5:1 SWR, BW(k) = 

0.35BW(3dB)

Comparison of simulated and 

measured Q values.

Eff k( ) 1

Rlossk( )

Rtot k( )

å
æ
æ
ç

õ
ö
ö
÷

1

-

è
é
é
ê

ø
ù
ù
ú

100Ö:=

Effe k( ) 1

Rlossk( )
a

Renv k( )
a

+

Rtot k( )
a

å
æ
æ
ç

õ
ö
ö
÷

1

a

-

è
é
é
é
é
ê

ø
ù
ù
ù
ù
ú

100Ö:=

SWRk( ) 1 G1 k( )+( ) 1 G1 k( )-( )1-
Ö:=

G1 k( ) Z1 k( ) 50-( )Z1 k( ) 50+( )1-
Ö:=
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Z1 k( )

1 km
2

Ö Rtot k( )
1-

Ö wk L1Ö( )2Ö

1 wk L2Ö( )2 50
2-

Ö+

:=

QBW1 k( ) wk L1Ö Rtot1 k( )
1-

Ö:=

QBW k( ) wk L1Ö Rtot k( )
1-

Ö:=

Qmeas Qf
1àð

:=fm 10
6

Qf
0àð

Ö:=

Rtot1 k( ) Rlossk( )

Rgroundk( )+

...

Rloop k( )+

...

Renv k( )+

...

Rdip k( )+

...

Rtrad k( )+

...

å
æ
æ
æ
æ
æ
æ
æ
ç

õ
ö
ö
ö
ö
ö
ö
ö
÷

:=

0 5.10
6

1.10
7

1.5.10
7

2.10
7

2.5.10
7

3.10
7

0

0.1

0.2

0.3

0.4

0.5

Rdip k( )

Rloop k( )

Rloss k( )

Rtradk( )

Renvk( )

Rgroundk( )

f k( )

Rtot k( ) Rlossk( )
a

Rgroundk( )
a

+ Rloop k( )
a

+ Renv k( )
a

+ Rdip k( )
a

+ Rtrad k( )
a

+å
ç

õ
÷

1

a

:=
Rlossk( ) b f k( ) 10

6-
Ö( )0.5

Ö:=

Select Q tableRenv k( ) ke Dloop.m
2

Ö f k( ) 10
6-

Ö( )0.5

Ö:=Rgroundk( ) kc Dloop.m
2

Ö 1 f k( )
2

fg
2-

Ö+å
ç

õ
÷

1-

Ö:=
Qf Qf2:=

Rtrad k( ) kt

f k( ) Dloop.mÖ

3 10
8

Ö

å
æ
æ
ç

õ
ö
ö
÷

Ö
è
é
é
ê

ø
ù
ù
ú

4

10Ö p
6

:=Rdip k( ) kdip

f k( ) Dloop.mÖ

3 10
8

Ö

Ö
p

2
Ö

å
æ
æ
ç

õ
ö
ö
÷

2

200Ö:=
Rloop k( ) wk L1Ö( )Qml

1-
Ö:=

In wet f ield

Dloop.m  = 0.68    Dtube.mm   = 8

f or Renv : ke =0.08

f or Rtrad : kt = 0.4 

f or Rground: kc = O.1 

and  fg =10MHz

kdip = 0.39           

km = 1/20     Qi l = 520       

MJU 

Mathcad

Loop 

Worksheet - 2
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MJU Mathcad Loop Worksheet - 3

BW k( )
0.35f k( )Ö

QBW k( )
:=

Comparison of simulated and 

measured Q values.

Operating Bandwidth 

f or 1.5:1 SWR, BW(k) = 

0.35BW(3dB)

Eff k( ) 1

Rlossk( )

Rtot k( )
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QBW1 k( )

wk L1Ö

Rtot1 k( )( )
:=

QBW k( )

wk L1Ö

Rtot k( )( )
:=

Qmeas Qf
1àð

:=

fm 10
6

Qf
0àð

Ö:=

Rtot1 k( ) Rlossk( )

Rgroundk( )+

...

Rloop k( )+

...

Renv k( )+

...

Rdip k( )+

...

Rtrad k( )+

...
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7

1.5.10
7
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7

0

0.1

0.2

0.3

0.4

Rdip k( )

Rloop k( )

Rloss k( )

Rtradk( )

Renvk( )

Rgroundk( )

f k( )

Rtot k( ) Rlossk( )
a

Rgroundk( )
a

+ Rloop k( )
a

+ Renv k( )
a

+ Rdip k( )
a

+ Rtrad k( )
a

+å
ç

õ
÷

1

a

:=
Rlossk( ) b f k( ) 10

6-
Ö( )0.5

Ö:=

Select Q tableRenv k( ) ke f k( ) 10
6-

Ö( )0.5

Ö:=Rgroundk( ) kc Dloop.m
2

Ö 1 f k( )
2

fg
2-

Ö+å
ç

õ
÷

1-

Ö:=
Qf Qf2:=

Rtrad k( ) kt

f k( ) Dloop.mÖ

3 10
8

Ö

å
æ
æ
ç

õ
ö
ö
÷

Ö
è
é
é
ê

ø
ù
ù
ú

4

10Ö p
6

:=Rdip k( ) kdip

f k( ) Dloop.mÖ

3 10
8

Ö

Ö
p

2
Ö

å
æ
æ
ç

õ
ö
ö
÷

2

200Ö:=
Rloop k( ) wk L1Ö( )Qml

1-
Ö:=

Radiation Modes and 

Loss Resistances:

1.Folded Dipole Mode

2.New Loop Mode

3.Conductor Loss 

Resistance

4.Traditional (Kraus) 

Loop Mode

5.Detected Skin effect 

Environmental Loss  

6.Ground Loss including 

cut-off frequency
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Loop Design Formulas - Inductance

ÅThe loop inductance defines the required capacitor values for the 

required tuning range.

ÅThe loop diameter is D in metres. The wire/tubing diameter is d. C 

= loop circumference, and area  = A. l= wavelength.

ÅTraditional formula due to Patterson (of Pattersonloop fame?)

ï L(mH) = 0.00508A ³[2.303 log (4A/d) ï2.451]

ïThis is not accurate  for thin wires.

ÅA more complicated formula from Grover is more accurate.

ÅNew empirical formula ( - good for small loops):

ï L(mH) = C(1.25D)1.6/(160d)1/6

ïThis is to be fine tuned when more measurements are available.

ÅBut beware, all is not what it seems when órealô measurements 

are made ïwith an analyser, the miniVNA.  See next slide:



RSGB Convention 10 Oct 2010 32

Inductance of single turn loop appears to vary with frequency!
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Heuristic Theory = óHindsight Theoryô

ÅHeuristic theory is derived mainly from observations and 

measurements.  It is the only type of theory that can be trusted. 

ÅóHeuristicsô is the approach of Archimedes in his bath.  óEurekaô, 

and óheuristicsô both come from the same Greek word, óheurisko

(heuriskw)ôðñI find outò.  

ÅValid theory comes only from practical observations and 

measurements. This is what amateurs do each time they go on the 

airðsignal reports, contests, antenna tests, propagation assessment, 

etc.  Amateurs use heuristics!

ÅPure theory without real measurements is ópure speculationô.  It may 

be clever mathematics but it may not be true in reality.  (String 

theory?)

ÅAny simulation based on wrong theory will give wrong results.  But 

the simulation can still agree perfectly with the theory.  

ñCaveat emptor.ò
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Outcomes of Heuristics 
ÅThe Loop Controversy is resolved: 

ïThe loss under the antenna has been wrongly assigned to be antenna 

inefficiency.  Close-in loss is measured at 5 to 15dB in first 5 metres away 

from antenna.

ÅThe Chu-Wheeler small antenna Q criterion is shown to be 

flawed.  

ïIt ignores the multiple radiation modes we find for a loopðDominant loop, 

folded dipole, monopole, classical loop, multi-resonant, and coupled modes.

ïCan we now repair the damage done to the reputation of small antennas for 

the good of the scientific and amateur communities?

ÅNow we can invent new small antennas.  

ïThe new antennas also give better understanding of antennas with propagation  

ïExamples are tuned folded dipoles, hairpins, and twisted and coiled version of 

these, multi-resonant and coupled mode antennas. 

ïClassically none of these can possibly work but they do! 



Progress and the Schopenhauer Effect
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ÅJoining the march of progress in science (and philosophy) has its 

dangers.  New ótruthsô and óparadigmsô, such as óheuristicsô, are 

rarely immediately accepted.  (Heuristics  is óhindsight theoryô)

ÅAs the German philosopher Schopenhauer (1788ï1860) put it:  

ÅñAll truth passes through three stages: 

ïFirst it is ridiculed,  

ïSecond it is violently opposed,  

ïThird it is accepted as being self-evidentò.  

ÅSomething familiar here? ïthe loop controversy? ïthe  CFA 

controversy? ïthe EH controversy ïthe Goubau line 

controversy ïetc? 
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óImpossible Small Antennasô
ÅExperiments to find the radiation mechanism of a loop:  

ïCreate a number of modified small tuned loops variants all aimed at 

cancelling and suppressing all loop radiation.  

ïThe trial antennas included:  (a) Tuned folded dipole, (b) Double tuned 

folded dipole, (c) Tuned hairpin, (d) Double tuned hairpin, (e) Tuned 

twisted folded dipole, (f) Tuned multiple folded dipole, (g) Tuned coiled 

hairpin,  (h) Double tuned coiled hairpin, (i) Folded hairpin. 

ïAll antennas used 10mm copper tube. 

ÅAll had Q ~ ¢250 .  There was no suppression of radiation. 

ïAnd 10mm tube skin effect copper losses gave efficiencies  >80 to 90%  

Thermal heating checks with 100watts confirmed this.   

ÅConclusions:  

ïOnce the RF is above the surface of the conductor it just 

keeps on going!  

ïThe antenna pattern is formed mainly beyond the sphere 

containing the antenna.  



2m length horizontal double-tuned folded dipole
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Basic and Double Tuned Folded Dipoles Compared
(can be twisted or straight)

C1
C1

C3

C2

1. Single Tuned ï

one main resonance
2. Double Tuned ï

two main resonances

1.Single Tuned  - 4m length 10mm 

tube:

ÅTuning range 1.9 to 19MHz 

ÅWith some capacitor switching

ÅQ about 200 to 350 ïhigher at HF 

end

ÅCompromise gamma position if 

ATU used

2.Double Tuned  - 4m length 10mm 

tube:

ÅTuning ranges 1.8 to 11MHz and 5 

to 45MHz 

ÅWithout capacitor switching

ÅQ about 150 over both ranges

ÅTwo switched gamma matches 

recommended

The óradiating currentsô cancel out.

Therefore Old EM theory and NEC say 

that these antennas cannot possibly work! 
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2m length horizontal double-tuned folded dipole 

using miniVNA Mk1
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2m length horizontal double-tuned folded dipole
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Twisted Tuned 

Folded Dipole ïhow 

can it radiate at all?
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2.2 m high óDouble Dustbin Antennaô with internal 

tuned folded dipole of 5³2m = 10m total length.

ÅDoes it work?

ÅYes it does!  It has been 

tested on 3722kHz

ÅHow does it work?

ÅWhat modes are there at 

different frequencies?  

ÅIs it a bit like a CFA? Does 

it have the same radiation 

modes?

ÅQ is measured at 20 to 140

ÅEfficiency >80 or 90%

ÅMore measurements and 

optimisation to be done:  

ÅSee how Q varies with 

ground conditions (as found 

by loop ground sensor)?


