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Understanding the CWTHA
This technical reprint about resonant contrawound toroidal helixes

is good foodfor thought.

Here. lhe resonanr ClVTHA is exam ined via a moment-method simula tion. The results
sh o lV a very high impedance at Iirst r esonance, with a narrow bandwidth an d 101V
eilicicncy. At second resonance, the resistance is less than an ohm, the reactance is zero,
ami again, th e ban d wid th i s narrow. Th e azimuth patterns are nol omnidirectionel,
bUl may have a dip of 10 dR or more. I1lC sim ulation shows a loop-mode cencel leti on
of at Ieast 140 dR.
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Results

Fig. I. Reactance f or lO·tum CH'7HA.
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Case I invol ved 20 turns. To avoi d a
mu ltip le-parameter presentation. 100
MHz was sel ected as a reali st ic value.
reprcscruing. in general. both H F and
UHF effects. Of course , these an tennas

condi tioned due to the counteracting
windings. all ca lculations have been
done in double-precision complex .A lthough the e xact vector potentia l

solution has been written for the
C WT H A. nu me rical integration is re
q uired to obtai n numerical va lues.
Here , the a ntenna is simulated via the
moment method . The code used is the
Til ston-Balmai n bridge current modi
fi catio n of the Richmond piece wise s i ~

nusoidal Galcrkin code.' Stud ies o n
sing le-tu m loop antennas have sho wn
that 12 segments per turn gives an ex
cellent representation of a c ircu lar
tum. Thus. the res ults discussed here
are based on 12 seg ments per tum. The
coordinates o f the two w indings ca n he
written exactly in sphe rica l coordi
nates.' The two w ind ings have one
com mon feed point. The num be r of
segments fo r each wi nding is then 12
times the numher of turns of wire
around the he lix. To obtain a prelimi
nary idea of the performance of the
resonant CWTHA. the two cases ex
amined both have a ratio of toroid d i
a meter to tum diameter o f 10. a nd a
ratio o f tum diameter to wire radius of
20. This allows a reasonably fat w ire .
but assure s convergence. A wire co n
ductiv ity of90% of that of pure c opper
was used . Because the matrix is poorly

Moment-method sim ula t io n

T
he cont ra wound toroidal he lix
a nte nna has arou sed consider
able interest in recent years.

The co ncep t is s im ple : The two
wi ndings fed ou t of phase c ancel the
loop mode and augme nt the d ipo le
mode , there by pro viding a low-pro

fi le ante nna that radi ate s an e lectri c
field norma l to the pla ne of the tor

oid . As origina lly co nce ived by the
invento r. Dr. Coru m. the CWTHA was
a resona nt antenna - that is. it oper
ated at a frequency where the antenna
was resonant. I

A recent study- sho wed that. when
the wind ing length is less than quarter
wave le ngt h. the c urrent is approxi
mately cons tant, and the pattern in the

plane of the toroid is omnidirect ional.
However, it was sho wn that the rad ia
tion resistances for these small anten
nas were extremely low. The objective
of th is work is to e xamine the larger
self-reso nant CWTHA.

Repri nted hy permission of Microwave
and Optical Technology Letters, Vol.
29, No.6. June 20. 2001 , pp. -1-08--41 0.
Copyrigh t © 2001 John Wiley & Sons.
Inc.
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are of no usc in the microwave region,
where electrically small antennas arc
not needed. This case used 48 1 equa
tions . O ne unk nown couples the two
windings. The loop-mode cancellation
was 143 dB. Fig. 1 shows the rcac
tance of this antenna for a diameter
range from 0.02 to 0.1 2 wavele ngths.
It can be seen that the first reso nance
is ext reme ly sharp and the Q is high .
It occu rs for a toro id diameter of
0 .046 wavelengths. At the second
resonance. toroid diameter of 0.09 1591,

sma ll band wid th if matc hed with a
capacitor.

Case 2 was similar, except that it
employed te n turns. A ll other param
eters were the same. For th is antenna,
34 1 equations were used. The princi
pal change is that first resonance now
occurs fo r a toroid d iameter of
0 .091 21, and second resonance occurs
for a toroid diamete r of 0. 18081 due to
the smaller number of turns. Again,
both the real and imaginary parts of
im pedance are very sharply peaked at
fi rst resonance , indicating a high Q.
The efficiency is roughly I %. The re
actance is also rapid ly varyi ng at sec
ond resonance ; Q was calculated to he
2,300. The efficiency there was higher,
30%, but the small resistance of 0 .311
makes matching very lossy. T he azi
muth patte rn is flatter, showing a di p
of somewhat more than 4 dli. Again,
the elevation pattern is essentially sin q.
The loop-mode cance llation is 18 1 dB.
The son input resistance occurred for a
toroid diameter of 0.087573 wave
lengths; again, the inductive reactance
was 4,00011, very large. It is to be ex
pected that the impedance will again be
very high at the third resonance, How
ever. at the higher resonances. the toroid
diameter is no longer electrica lly very
small.

The wi nding length is g iven approxi
mately by

the reactance is zero . Fig. 2 shows the
corres ponding input resistance, and
aga in, the Q has increased the intri nsic
radiation plus loss resistance at fi rst
resonance. At the second resonance,
the resistance is varying slowly, and is
rough ly 0 .30. A ca lculation of Q. as
surmng consta nt resista nce . grvcs a
value of 1,635 there. It is interesting to
note that the currents oppos ite the
feedpoints are almost the same as
those at the feed , with maxi ma at +900

po ints. This is probably because the
structures, although resonant due to
the wi ndi ng. are still small III wave
leng ths. Fig, 3 shows a quarter of the
azimuth pattern normalized to 0 dB at
f = 0; the other quadrants are images.
Note that there is almost a 10 dB dip
at +~.)() O , so the a nte nna is not at a ll
omnidirect ional. T he e leva tion pat
tern is close ly that of sin q . Note that,
in the patterns, the z-componcnt of the
e lectric fie ld is used, ra ther than the
spherical coordinate component. The
efficiency was less than 0 .2% du e to
the small intrinsic rad iation resista nce .
At second resonance, the efficiency
was 7.4%, but matching losses. to
match 0.3 to son. wou ld decrease thi s
significantly." For a toroid d iameter of
0 .43821. the input resistance was 500 .
However, the induct ive reactance was
3,00011, which would provide a very
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Fif:.2. Resistance for 20-tllm CWTIfA.
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where the toroid and turn diameters
are D and d. NT is the number of turns,
and NS is the number of segments per
turn. For case 1 with NT = 20, the wire
lengths at the two resonances arc 0 .321
and 0 ,641; fo r case 2 with NT = Iu,
they arc 0.641and 1.261.

"-. C onclusions

The resonant CWTHA exhi bits a
very high Q at the fi rs t two resonances,
and as expected , a very narrow band
width at hoth. Azimuthal di ps occur
with depths depending on the ratio of
toroid to turn diameter and the number
of rums. Fo r the two cases calcu lated,
the d ips a t first resonance range from

9060• • deg .
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Fig, 3. A:;il/Jl/th patternfor 20-tllrn CWTHA.
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the detector FET Q I are 0 .6 to 1 volt RMS
nominal. Any injection appreciably less than
0.4 RMS will give a loss of sensitivity.

Ne xt time we meet, I' ll have some infor
mation about the upcoming Five Days In
May program being held this coming spring
at the Dayton Hamvenrlon. FDIM is spon
sored by the QRP Amateur Radio Interna
tional. It is held at the Ramada Inn just south
of downtown Dayton. For the last sev eral
years, it' s been sold out. I would sugges t
that if you plan on attending th is yea r 's
FDIM, you gel your tickets ea rly.

If you want more information before you
see it here in print, then point yo ur Web
browser to [www.qrparci.org]. There , you
can access the latest infor mation deali~

with FDUvI. iii

Continued on page 6 1
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NEUEA SAY DIE
continued from page 8

by dr illin g ice cores in the ice pack
with the North Gree nland Ice-core
Projec t (North GRIP)? Basica lly, there
have been ice ages that lasted about
90,000 years, follo wed by warm periods
which lasted 10,000 years . T he had news
is that the present warm period started
about 10 ,000 years ago. Even worse , the
cores show that the transi tion took only
a few years . They were very sudden.

The sc ie ntists don 't know what's
caused these sudden transitions, where
in a few years the ea rth 's tem peratu re
has risen and fall en by as m uch as 20 de
grees. It could he due to volcanic ac tiv
ity warming the oceans . Or it could he
due to variable so lar ac tiv ity.

THE DIGITAL POAT
continued Jrom page 50

to learn. I wil l let you know how it goes as
I progress. I have talked to hams who work
with it and at least one who was using it
with his rig.

The advantag e? I am not sure if I can con
clusively say this at this point in time, but it
wo uld be nice not 10 depend on the whims
of Microso ft as 10 whether my tried-and
true programs will be outmoded by an op
erating system. Fasci nating idea, to say the
least.

That's about it for thi s month. If I have
you thoroughly confused ur yo u j ust plain
ha ve q ues tio ns, give me a shou t vi a
[K B7N O@wor ld net.at t.ne tj. 73. Jack
KB7NO. !Zl

Service hints

For m ore information on ordering

the MFJ-1899T ($ 129.95), contact MFJ,
300 Industrial Pk, Rd., S tarkville, M S

39759; . tel. (662) 323-5869; [hnp:/1
www.mfjcnterprises.com].

I wou ld like La thank Joe N A IX

for hi s invo lve m e nt in thi s prod uc t
e va lu a tio n. fa

QRP
continued f rom page 44

inductance coils tha t may be used to tailor
the audio res ponse of the radio. They won' t
fit the PC board, as their lead spac ing is not
the same as the original one. However, a
sma ll hunk of perfboard would be ideal to
use.

A handful of Mylar capac ito rs would
round up the part s needed. A lthough you
co uld sit down and calculate the values
needed for the compone nts based o n
frequ ency, cut-and-try is a lot more fun.

If anyone decides to try to imp rove the
overall operation of the HW-7, I hope he
will share the res ults with the rest of us.

Some HW-7 fixes and
improvements

The Col pitts osci llator operated on 3.5 to
3.6 :\fHz and doubles to 7.0 to 7.2 MHz for
40-me ter operation. For 20- and IS-meter
operation, (he osci llator runs at 7.0 to 7.1
MHz, and doubled for 20 meters, 14 .0 to
14 .2 MHz, and tripled fur 15 meters. 21.0
10 21.3 MHz.

T he following are typica l RF readings.
Gate of Q3: approximately I vo lt RMS.
Base of Q4: approximately 0.8 volt RMS.
Collector of Q4: sine wave with harmon
ics. Base uf Q5 in transmit: I to 2.5 volts
RMS. Base of Q6 and Q7: 1.5 to 2.5 volts
RMS. RF outp ut across a 50-ohm load:
should be approximately 10 volts RMS 011

all bands . Typical RF voltage readings at

R .C . Hanse n, Field s of the c o ntra

wound helix antenna. Trans. IEEE, Vol.

AP-49,Augu st 2001 ,1I 38-1 14 \. !Zl

Additional reference

Understanding the CWTHA
conemuec from page 32

4 to 10 dB. A t the second resonance,

the azimuth pa ttern is a figure eight.

Effic ienc ies a t first resonance are very

lo w; they range from less th an 1% for

20 tums to I% fo r 10 tu rns .

MFJ's 1899T
Portable Antenna
contmuedfmm page 35

well as the BNC. The MFJ· 1899T is

only available in the BNC version. I was

informed that the BNC connector is re 
ally an RCA to BNC adapter. I fo und
that with a little persuasion, the BNC

adapter could be removed and replaced
with an RC A to PL-259 adapter (Radio
Shack catalog #9 10-0700). The friction
ti t of the connectors is good and solid .

Final thoughts

The MFJ- 1899T is a good all-band
antenna for portable/ remote operation

with any low power port ab le rig under

2S watts o f power. It q ualifies as por
table , lightweight, easy to assemble , and

easy to change bands with. A nd the fa ct

that it works great he lps a lot!

Footnotes

I. J .E Corum, Toroid antenna , U.S.
patent 4,622,558, Nov. 11 , 1986.

2. R .C. Hansen and R. Ridgley,
Modes of contrawou nd toroidal helix

antenna, Microwave Opt Techno! Let
ter 23 ( 1999), 365-368.

3, M .A . Tilsto n a nd K,G. Balmain.
On the suppression of asymmetric a rt i

fac ts a rising in an implementa tion o f
the thin- w ire method of m oments ,

IEEE Trans Antennas Propagat 38
(1 990), 28 1- 285.

4. T.S. M cLean and F. R ahman ,
Sm all toroidal antennas , Electron Lett
14 (1 978), 339-340.

5. RC. H anse n, Supcrconducting
antennas. lEE Trans Aerosp Electron
Svst 26 ( 1990), 345-355.

With some HW·7 radios, you can improve
the sens itivity by placing a small j umper
wire across C6 on the foil side of the PC
board. T hen remove R I , a lOOk resistor. If
you don' t sec any improveme nt or (he ra

- - - - - - - - - - - - ------1 dio fa ils (0 operate , replace the resistor.
Some HW-7s will imp rove, others wo n' t.

If the audio seems down, replace R4 I L
10k, with a I k resistor. Agai n, this fix will
only show up in the firs t run of kits . Older
H W-7s will mure th an lik ely have the
va lues cha nged .




