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Where it started in 19941 Public Demonstration at IEE and
University of Surrey Inaugural Lecture
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3 HF Transmitting loops in an attic 4 /25 tol /6 (in 2004)
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A O0s mal |

IS contained inside

a sphere of radius
| /2p

In picture from
furthest to nearest:

(a) AMA3'i
13 to 30MHz,
diameter = 83cm

(b) Experimental
double tuned 3.5 to
30MHz loop on
rotator 1

diameter = ~1.25m

(c) AMAS i
3.4 to 11MHz,
diameter = 1.7m
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HFC2000 Demonstration of:
(a) Fields around a Loop
(b)) o0Cordl ess
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Practical Small Antenna Efficiency

A What goes in must come out as RF or heat. Commonsense al
physics says so. This applies to all antennas.

A Efficiency (E;) = Power out (B,) divided by Power in (P).
A An inefficient small tuned loop with 100 watts will get hot.
A Does your loop get hot? Mothen it is efficient.

A An inefficient loop with 400 watts will sediestruct. Plastic will
melt. Solder will melt. Wood and paper will sehite (above
451°F or 233C).

A Has your high power loop burnt up? ®¢hen it is efficient.

G3LHZ RSGB Convention 10 Oct 2010 5



OHeat Bal anced Meas
Antenna Efficiency (as in Nov
2004 Radcom article on Loops)

A The RF power |l ost as O6he
the loop required to raise the same or an exactly simil
loop to the same temperature.

A The DC power heats a resistance wire inside the loop

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

A Thermal picture is of Marklarper (PhD student).

A 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 1.98 3.7 7.03 10.12
In MHz
Efficiency 74 86 88 90
In %

G3LHZ
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Tuned Loop EfficiencyT T h e
Practic@dowWMeabane m@at

ver sus

ATwo turn 1m loop with
10mm copper tube

1.MeasuredRSS
Efficiency = Eff(k)
>88% (0.6dB)

2 Measurechon-RSS
(ClassicalEfficiency
using
Eff (k) >66% (1.8dB)
3Tradi ti onal

Ki rchhof

prediction of Loop Efficiency

= Eff,..{K). At 1.8MHz =
0.08%
or -31dB !
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Controver sy
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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

The RSS (RoeSumof-theSquares) Law is found throughout in Physics. Itis
| aw of oO6addition of power sbo.

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

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

total quad oss)
In an antenna with several radiation modes we find

total quadl + Rradz + Rrad3 + Rloss)

For a loop the radiation modes include (a) Dominant Loop Mode, (b) Dipole |
(c) Feeder or Grounfdlane Radiation

The strongest component oOcapturesbo

Theexplanation is that all resistance components are distributed and are not ¢
coupled to each other Kirchhoff 0s Circuit La

Note that feeder radiation is suppressed as soon as antenna efficiency is abc
And as loop size is decreased there is a catastrophic drop in efficiency. (At ~3
Feeder radiation is nearly always suppressed because it is normally small.

Feeder radiation, as an explanation of the better than theoretical efficiency of
loop, is a myth. (TheminiVNApro shows this experimentally.)
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Small Antenna Bandwidth and Q

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

A Lack of bandwidth is the down side of any small antenna.

A Efficient single tunedmall antennas have a measured Q ~ 242
AWegetQ=242frodheuri sbic theory
AFirst order EM coupl i n@)3=248e u

A The second order EM coupling correction gives
Q=(2)x{17T 1/2°)%} =242
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Antenna Analysers for Q
Measurement
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How to measure Antenna Q

1. At the frequency of intere§i match the antenna to 50 ohms to gn
1:1 SWR (on Antenna Analyger

(A low Q ATU may be used. It will not affect the results significantly.
Qaryu <0.1Q,,Will give <1% error. It is RSS capture /suppression effect!)

2. Detune (the analyser) to lower frequemcwhere the SWR is 2.62.
. Detune to higher frequen¢ywhere the SWR is 2.62.
4. The antenna Q is ther®Q = f,/(f, - f,)

Why SWR= 2.62?

A Half-power or-3dB points occur when the reactance of tuned circuit become
equal to° j50 ohms, where j§-1).

A Reflection coefficienj = {1-(1° W{(21+(1 ° j)}

w

A Modulus of the reflection coefficient 3 ||= 1/Q22 +1) = 156
A SWR = (14| /(1+}|) = (1+1/CB)/(1- 1/Cp) = 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

o
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miniVNA Vector Network Analyser

Reference manual for mRS antenna analyser type miniVNA 0.1-180 MHz

The devices is designad to measure antenna impedance and filters over the HF anc VHF frequency rangs.
The sma’ hardware (9x5. 5x3cm) uses an USE connection 10 3 PC where the antenna parameters can be
disp'ayed, one full scan takes about 0.5 sec per 500 samp’es, the instrument will gve a big help to tune and
design antennas especially for radic amateurs.

The ongnal software runs under Windows PC, by the way many hams worked on dfferent version such as
DOS, LINUX and PDA with Windows CE (Windows Mobile 2002-2003).
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MNIVNATODETO® connecttiwoport Ve k e s
for Otransmissionod mea

waw mriRscicSciutions com
mIriVNA arterna analyzer V224

BNC DUT: rf out / antenna. WARNING! Do not connect 1o RF transmitter

BNC DET: detector (transmission mode only). WARNING! Do not connect to RF transmitier
LED TX, RX: USB communication running (run mode).

LED POWER: miniVNA power on.

US8: US3 connection (3 type).

G3LHZ RSGB Convention 10 Oct 2010 1b
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LPA-1C Ramsey Linear Power Amplifier Kit: * Frequency:
100kHz- 1GHz , * Output: 1W, * Supply: 1215V DC @ 250mA

Gain of 25/ 30dB extends transmissioange
of two port VNA by> 10 times
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http://www.ramseyelectronics.com/largepic.asp?image=LPA1

miniVNA pro Vector
Network Analyser

The newminiVNA PRO, the lbig brother of the weknownminiVNA is an.extraordinary
and unique handheld vectorinetwork analyzer that-makes available amultitude of new
features.and capabilities which-are fperfect for.checking.antennas and RF circuits-for he
and .commercial userdogether.with yourPC/Laptop,; you:canladd to your laboratory the
further advantages/of having this:fudass VNA instrument.

Trheis sic viorsts trshverclows onnllzd O sible fifiscrnsite anwsienrie: Ihedsisusia n a |l

an integrated:Bluetooth module to.a remote’RC/Notebook upto: 100 meters from the
miniVNA PRQOO: s catloio Thes makesnedime antennasetup: easy!
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25cm loop tuned to 50 MHz with sliding coiled wire as capacitor
at top. Matched by twisted gamma match on right.

AMeasured with ¢
Bluetooth connected,
miniVNApro and no feeder.

A Attaching a ground makes
practically no difference to the
SWR and impedance plots

A The loop nulls are symmetrical
as expected for no feeder
radiation.

ALoops oOowor ki ngo:t
radiation is a myth.

A Small loops are efficient without
feeder radiation!
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Example Q measurement of 25cm loop using
miniVNApro with Bluetooth connection.

% miniVNA Pro ver.: 2.3.3.11

File Calbration Config Presetranges Help and info

YHA mode
Span 1.000 tHz

& Reflection  Transmission (" Cablelength ¢ Xtal mp [R) Single sweep | Reset| Clear | [RUA| G [0 | Samplels)  Esit
Sweep Steps [ Indicate 50 chm [ Scheduls
Cert B0 MH
erter | 50 | MHz | gpmy Ce/Sp | 100 ¢ 200 ¢ 300 ¢ 400 & 500 1k € kS © 2k |1 Moving average  Keep tracks
Cartesiat l Smithchart S-parameters Schedule/Screenshotz l Single frequency wiew ]
R.Lde Swh Reflection measurements
R
1D: /
100- - \ /
1 £ \ \ / /
200 i
| N
04 i+
49,00 43,20 43,400 49,50 49,80 50,00 B0.20 B0.400 5050 50,50 51.00
Freguency in MHz
M;::uiiie‘;drinarkers Data readout | l [ ata readout || ] Cable length ] ¥tal parameters ] Scales/Gnd B ackaround ] Print/Schedule ]
Marker1 <€- -» [v [v [ [ [ [ |
—r SR AL I1Z| Phase BL Rz g s in LT
Markere Z U % Maker1 ez - TECIEEEN [ =5 [ 020 [ =5 [ 5160 ] Screenshat Copy clipboard
Mouze pos
v Marker 2 [ Hz [ 262 |[ F0 | ¥ Min Swh ¥ SWh in screenshot
50.409 _
MHz Hleferencel 0343 |MHz [ ooz |[ o1 | Ref race || MinSwh [ 108 ]:1 a| 60408 | MHz
A 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,anm antenna analyzer (Similar to.the AIM417OC) Port B h
50 ehmiinput impedance withireturn.loss:greater than: 30dB. :Port:BiNominal
Dynamic IRange: 100dB up to 50MHz;85dB wup t0'180MHz. Programmable RF
amplitude foriPortA(+7 toT 19dBm). Resistanceand reactance measurements
antennas and discrete.components, cilmpedance measurements through filters
networks. \Markers forimpedance:scans and Smith charts: Parameters that ce
plotted include’Resistance @and reactance for series or-parallel equivalent circu
SWR or reflectioncoefficient (S1.1); Return:loss, .Phase angle with sign;Two pc
network transmissions(S21),.Cable length, impedance, loss,;and velocity factor
Distance to fault (openror short). Smith:chart.displays (featuring: phase rotation
zoom). Band scan to.check fordinterfering signals. Quartz.crystalparameter
measurements!’r Rprogrammed functions;isuch as tuning a % WL stub,and ma
more. (Calibrationdoads are included. No internal adjustments.:Optically:isola
USB interface to’PC.
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MIiniVNA proplot of AMASTas wused for the
demo. Q =281

™ miniVNA Pro ver.: 2.3.3.11

File Calibration Config Presetranges Help and info
YNA mode

Start| 138 | MHz | & Reflection ¢ Transmission ¢ Cable length ¢ ¥tal mp (R) Single Sweep| F‘eset| EIEc"r| Run IO [0 Gamplefs]  Esit
Sweep Steps v Indicate 50 chm [ Scheduls
Sk 14.2 MH 0 . .
op _ 2 @ St/St (T CefSp|| 100 ¢ 200 ¢ 300 ¢ 400 ¢ 8OO ¢ 1k 1kE f* 2k ™ Moving averags ™ Keep tracks
Cartesian l Srithchart S-parameters Schedule/Screenshats ] Single frequency view ]
swh Reflection measurements X'H'Z*’?Dhnm
20 |
50
104 |
\ _EI
5_
--60
24 L
T . . . W
13.80 13.85 1350 13.95 14.00 14.05 1410 1415 14.20
Freguency in MHz
M;:Ze;drinarkers Data readout | l Data readout (1 ] Cable length ] #tal parameters ] Scales/Grid/B ackground ] Frint/S cheduls ]
Marker1 € -> v r r r v [v |
K SR RL 12| Phaze AL Rz Ha e in L/C
Marker 2 WV Marker 1 TE017 | MHz | T | TN EFEEN - I | _Soreenshot | _Lopy cipboard |
W tarker 2 _ MHz | 2588 |[ 26218 |- | 431566 | pF | ¥ MinSwh [v S%WH in screenshot
C|Diference [ 0050 | MHz [ 0o | [2a4 ][ #6058 Ref. trace || MinGwh [T04]:1 a[ 14082 | MHz
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MiniVNA
Pro:- Smith
Chart plot

of AMA3

G3LHZ
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Wideband-Q 0 Hewur i sti cd6 Met hi

Radiation Resistance and Loss Components

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

Components can be separated because each varies differently with frequenc
or antenna size.

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

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

I The latestihiniVNA) measurements indicate thabp inductance increases
weakly with frequency. An approximately? law has been measured over
frequency decade. Thus loop Q appears to increase with frequed@y as f

Total combined series resistance is then given as reactancg/Q 90X JQ.

For the best fit to measurements we find (unexpectedlyjibaesistancesre
Auncorrehavtedtoo amel combined by a 0nr
operation.

I The explanation is that all resistance components are distributed and are 1
directly coupled to each other.
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Loop Radiation Resistance Components

TheWi deband Q O0Met hod i that axtractsland sepasatesifrondonev
set of more than n+1 measurements the following n radiation and loss resistance
components:

1. Traditional loop radiation resistance

Rig = 31,171 (A/%)?=20p° (D//)*=19,228(D/ )*
b Only becomes appreciable near loop self resonarfcg(lsiHz) © 22/D.
b Can be enhanced near ground or with connected or unconnected ground plane.
2. Newy discoveredoop radiation resistance the Retardediot-SavartMode
Roop = X /Q =X D/500
whereX = 2L, L @1mH T p D in practiceandQ ~ 500/D(metres)

I This is affected by presence of the ground image and ground resistance; it can b
halved (and the Q doubled) in the extreme case.

3. Dipole mode radiation resistance

Ry, @012 20 (kaf = (p/2)21 20 (oDI/ )2 = 487x(DI/)?
i Can also be enhanced by presence of ground or ground planes.
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Loop Loss Resistance Componeniscontinuation.
4. Conductor losses for copper tube

Rloss: 7.07310°3 P (Dloop /Dtube) (fMHz)O'5

I Conductor loss resistance. Has a square root of frequency la
because of nNnskin effecto.

6. Conductor losses in nearby walls efdso has ¥2 characteristic.
Varies depending on distance from walls.

6. Losses from grouncdonductivitys and dielectriee. These have a
cut-off frequency fwhens = 2pfe. f. ~ 1-30MHz

I novelobservatiof?

/. Ground (re)radiation resistanceThis is not ground reflection. It
IS radiation from the induced ground currents as if the ground w
a patch antenna. It is most marked for highly conductive grounc

I novelobservatiof?
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Tuned Loop Mathcad Worksheet Circuit ModelT a simulation!

Features

A Tuned Plots e.g. Smith Chart & SWR.

A Envelope Plots e.g. SWR Envelope.

A Smith Chart Plot 10K points.

A Choose tuning capacitorplot match over frequency.
A Choose k Coupling(s) = 1/R= adjust gamma match.
A Choose input (gamma) inductance(s) (for SWR).

A Efficiencies.

A Capacitor Voltage and loop current.

A Actual Voltage Ratio (0.02 watts input).

A Q curves

A Operating Bandwidth.

A Compare with measurements to separate all resistance compor
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Small Tuned Loop
Design Worksheet
MJU- December 2001

Frequency ;fin* 182 to [ 3008 in f

Impedance Equation for Loop

o S 1 e s 6'1
Zi: #viy+ ry iy + Ryg )+ it ey

r, is the effective

MJU

transformer ratio of &K Zg- 50 VSWRK) : 1+ |Gk |
Mathcad mach, o Zkeso 1 lew]

Loop
Worksheet- 1

GridZ
—— Impedance

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

A N -1 f e iS the loo
. 0.5¢ res p
fres ?p(l-l@l) C resonant frequency

RSGB Convention 10 Oct 2010
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. a -1 4 -1
Steps to plot k: *"min@step . fmaxmstep

_ 7
es= 185F 10

) fpefh Wi 200K

1 1000 linear steps.

step
Ty pical mode and loss weights:- ke 0.08
forRgpy 1 ke = ©.005 to 0.025
for Rag (k=1 kit 04
forRyround ke = 0.125 and f; = 4MHz
dip :- r no dipole mode (e.g. k.101
multi-turn loop) : dip =0 ¢
for dipole mode: dip=1 £1 1(1106

for ground-plane mode: dip =~1.5 g
for elevated g-p loop: dip = 2 kdipl 03¢

a =1 gives 100% coupling of
modes. Larger a decouples al 2z
the modes. Use a =2?

Choose loop dimensions:-

.68 8

DIoop.m1 Dtube.mm’

Cu =0.0707 Tubg, st 0.0707

Al =0.128
P®)60p.m,

bt __oop.m CJ'ube]OSs
Dtube mm

Choose gamma coupling
Km- =I I, ,where r, is k1
effective drns ratio. :

Choose : C;t 4040 12

" 1.25
PDi50p.m 466

(0167&Dtube.rm)onl67

Choose intrinsic loop
Qil = 300 to 600

1

Qj* 520
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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 conventionall

600 G g G L on G G
,ner—e"e‘*‘)"'og_-
S
5,.,6
$ 400 &
< [ N
<
o
200
0 6 7 7 7 7
0 510 1-10 1.510 210 2510
Frequency
E— or a=a : .
_____ g or a=1 Comparison of simulated and
--0- Omeas measured Q values.
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MJU
Mathcad
Loop
Worksheet- 2

68cm loop

over wet
field

In wet field
Digopm = 0.68 D
forReny ke =0.08
for Raq ki = 0.4
forRground ke = O.1
and f; =10MHz
Kgip = 0.39
km = /20

tube.mm

Q=520

G3LHZ

=8

o

< ° .. 4
f(k)ClDl . i - -1 _ f(k)GDlOO ) )
R+ 2Ky, oﬂcﬁBQoo Rioog®) © fwie) @ * ¢ . § GO Ploonntl o
P sad é ¢ sad %
0.5 .
o 2.8 25 - 27 Qf: R
I:zgrounﬁk) : 1‘CGDIoop.m@l*' f(k) Cﬁg 5 Rendk) : GDloop m&f(k)Clo ) Select Q table f 2
1
0.5 1
. . -6
R k) : b&f(k)ﬂo ) A a a a a a ag @
los$ Riotk) © TRI0sé0 + Rground) + RigogK) *+ Renfk) ™+ Ryig(K) "+ RyraK)
0.5 Riota(K) g'glosék) Coe 9
& Rgrountd - 6 -
@R k). .Q
Ryip(k) 0.4 Rloorf( ) 5
endk) - - o
Rioop(K) V4 ag Ryip®) - - 6
""" 0.3 - 2
Rios{K) r (’;q— Rtrao(k) =
Ryradk) A _ B . _&o
Jrad® o L fop: 200 Qreas ©
en$k) -
L -1
ground® 01 Qpw(K) & @1 Ry (K)
..... . ) ) 1
Qew (k) + ® @1 WReq9(K)
. - -l . N . e
0 5-10 110 1.5}1(?() 210 2.5-10 310’ Z:1(K) _m‘m Riot(K) c(’ch'll)
e o 2 < 2
1+ (wyt ) °B0
: -1
500 N DONN S Gy(K) : £Z(K) - 59¢Z4(k) + 59
0_06--0 4 a4 o]
S5
oS : : -1
Q‘dﬁ— SWRK) : {:1+ |Gl(k)|)c§1- |Gl(k)‘)
(%2}
S 400 1
= Fy A~ 1
g‘ Ifr'r ........ 8 38
! 5 a K2+ R, (K20 U
? aeRIosé) en'K) O <
200 Eff (k) : €1- Vel
€ A e o~
& ¢ Riot(K)® =0
e AR k) ]
0 Ios§
0 510° 1100 1510’ 210" 2510 310" Eff(K) : :21- & 8u 00
All
Fre que ncy ' & NRtot(k) Zu
— Qfora=a Comparison of ssimulated and ¢
----- Q for a=1 measured Q values. Operating Bandwidth BW(I) - 0.359(k)
--o-- Qmeas for 1.5:1 SWR, BW(K) = (k) -
PRSS Qrw(K)
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MJU Mathcad Loop Worksheet - 3

0.4
Radiation Modes and
Loss Resistances:  Rijp(k)
1.Folded Dipole Mode — 0.3
Rloop( k)
2.New Loop Mode
3.Conductor Loss Riosd k)
Resistance .
0.2
4. Traditional (Kraus) Rtra(gk)
Loop Mode - -
5.Detected Skin effect Ren{k)
Environmental Loss 0.1
gk -
: ._\groun -
6.Ground Loss including * ~ ~ -
cut-off frequency | Zwm T
0 ?——é-:'__‘f"-—'-_?— - = " i -
0 510 1-10 1.5:10 210

G3LHZ
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Loop Design Formulas- Inductance

A The loop inductance defines the required capacitor values for tr
required tuning range.

A The loop diameter is D in metres. The wire/tubing diameter is d.
= loop circumference, and area =|A= wavelength.

A Traditional formula due t@atterson(of Pattersorloop fame?)
I L(nmH) = 0.00508A3 [2.303 log (4A/d)i 2.451]
I This Is not accurate for thin wires.
A A more complicated formula fro@roveris more accurate.
A New empirical formula ( - good for small loops):
i L(nH) = C(1.25D}-%(160d)}-6
I This is to be fine tuned when more measurements are availa

ABut beware, all is not what
are madel with an analyser, the miniVNA. See next slide:
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Inductance of single turn loop appears to vary with frequency!

. ™
Ls vs Frequency

10

s [l g sured inductance o 33em
diameter loop of 3.2 cm 0D tube

\
\
‘t"'l.
|
P

1 10
Frequency (MHz)

G3LHZ RSGB Convention 10 Oct 2010 32



Heur il sti cHITrheirg/h t=

A Heuristic theory is derived mainly from observations and
measurementdlt is the only type of theory that can be trusted

Ab6Heuristicsodé is the approach
and Oheuristicsod bot h cheumsko f |
(heuri)&@kWw find out o.

A Valid theory comes only from practical observations and
measurements. This is what amateurs do each time they go on
aird signal reports, contests, antenna tests, propagation assess
etc. Amateurs use heuristics!

APure theory without real mea:
be clever mathematics but it may not be true in reality. (String
theory?)

A Any simulation based on wrong theory will give wrong results. E
the simulation can still agree perfectly with the theory.
AnCaveat emptor. o
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Outcomes of Heuristics
A The Loop Controversy is resolved:

I The loss under the antenna has been wrongly assigned to be antenna

Inefficiency. Closan loss is measured at 5 to 15dB in first 5 metres away
from antenna.

A The Chu-Wheeler small antenna Q criterion isshown to be
flawed.

i Itignores the multiple radiation modes we find for a ddpominant loop,
folded dipole, monopole, classical loop, mutsonant, and coupled modes.

I Can we now repathe damage done to the reputation of small antennas fa
the good of the scientific and amateommunities?

A Now we can inventhew smallantennas.

I The newantennaslso give better understanding of antennas with propage

I Examples are tuned folded dipoles, hairpins, and twisted and coiled versi
these, multresonant andoupled mode antennas

I Classically none of these can possibly work but they do!
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Progress and the Schopenhauer Effect

A Joining the march of progress in science (and philosophy) has i
dangers. 0 Nemwd OGpaurtehdsi gms o6, s
rarelyimmediately accepted ( Heuri stics i

A As the German philosopher Schopenhauer (ILZ880) put it:
AARAI'l truth passes through t hi
I First it is ridiculed,
I Second it is violently opposed,
i Thirditis acceptedas beingselfvi dent o.

A Something familiar here?i the loop controversy? i the CFA
controversy?i the EH controversyi the Goubau line
controversyl etc?
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Ol mpossi bl e Smal

A Experiments to find the radiation mechanism of a loop

i Create a number of modified small tuned loops variants all aimed at
cancelling and suppressing all loop radiation.

i The trial antennas includeda) 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, () Folded hairpin.

i All antennas used 10mm copper tube.

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

i And 10mm tube skin effect copper losses gave efficiencies >80 to 90%
Thermal heating checks with 100watts confirmed this.

A Conclusions:
I Once the RF is above the surface of the conductor it just
keeps on going!
I The antenna pattern is formed mainly beyond the sphere
containing the antenna.
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2m length horizontal doubletuned folded dipole
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Basic and Double Tuned Folded Dipoles Compared

(can be twisted or straight) 1.Single Tuned - 4m length 10mm

tube:
ATuning range 1.9 to 19MHz
AWith some capacitor switching
A Q about 200 to 350 higher at HF
end
A Compromise gamma position if
ATU used
2.Double Tuned - 4m length 10mm
tube:
ATuning ranges 1.8 to 11MHz and 5
to 45MHz
A Without capacitor switching
A Q about 150 over both ranges
ATwo switched gamma matches
recommended

C1

The oO0radiating curjr

1. Single Tuned 2. Double Tuned Therefore Old EM theory and NEC say
ON€ main resonance — yyo main resonances | that these antennas cannot possibly wofk!
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2m length horizontal doubletuned foldeddipole
using miniVNA Mk1

r‘,f
SWR vs Frequency
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2m length horizontal doubletuned folded dipole

rl__'_

all
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Twisted Tuned
Folded DipoleT how
can it radiate at all?

| o
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2.2 m high &6Doubl

e

Dust bi

tuned folded dipole of5% 2m = 10m total length.

MDoes it work?

Aves it does! It has been
tested on 3722kHz

Adow does it work?

ANhat modes are there at
different frequencies?

As it a bit like a CFA? Does
it have the same radiation
modes?

AQ is measured at 20 to 140
A Efficiency >80 or 90%
AVlore measurements and
optimisation to be done:
ASee how Q varies with
ground conditions (as found
by loop ground sensor)?
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