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Fields of the Contrawound Toroidal Helix Antenna

R. C. Hansen, Life Fellow, IEEE, and Richard D. Ridgley

Abstract—Exact vector potential integrals are written in because many government organizations and companies have
spherical coordinates for the CWTHA. From these the far fields hoped that the CWTHA would rep]ace Whip_type antennas.
are expressed, both for the CWTHA (dipole field) and for a
single winding (loop field). The vector potentials are numerically

integrated; the results give the dipole field for a given current and IIl. VECTORPOTENTIAL INTEGRALS

ratio of dipole field to loop field. It is feasible to write exact vector potential integrals because
Index Terms—Dipole, electrically small antenna, loop, toroidal the coordinates of a point on the helix can be written in terms of
helix. a single spherical coordinate varialld3]

z=(a+bcos N¢o)cos¢p

_ _ ) ) _ y = (a+bcos Ng)sin ¢

TOROIDAL helix consists of a helical coil formed into a .

toroidal shape and fed where the ends of the helix come z=bsinN¢. @
together. Such an antenna has a circumferential currentthat pfRe coordinate system is shown in Fig. 1. For the second
duces a loop field and a toroidal tube of magnetic flux producgginding the» coordinate changes sign.
by the currents in the turns of the helix. As this circumferential The vector potential integral is
magnetic field is similar in some respects to that of a dipole (on )
the toroid axis), this field is called the dipole field. It would be Ao L [expogkR v ©)
expected that the loop field would be much stronger than the T Arm R o
dipole field. A clever idea was to wind two helical windings, inynerer. — 27/, and
opposite directions, in the toroidal shape, with the windings ex-
cited 7 out of phase, see Fig. 1. Circumferential currents now 2=z + 97+ 22 =a® + b7 + 2abC, 4)
cancel, reducing the loop field to zero, while the circumferen-.
tial magnetic fields add, thus, augmenting the dipole field by"glIth
factor of 2. This concept was patented by Dr. James F. Corum
in 1986 and 1988 [1], [2], and is here called the CWTHA. The
toroid would be horizontal, with its axis vertical and the dipol@he integration vector is
field might act like a vertical dipole or whip.

Of most interest is an omnidirectional pattern in the plane dl = a, dr + ayr df + arsin 6 dg. (5)
of the toroid; this implies a near constant current around eac
winding. Moment method studies, which will be reported late
have indicated a winding length of roughly4 or less to satisfy

|I. INTRODUCTION

C, =cosN¢, S, =sinN¢.

rhThe vector potentials of interest are expressed in spherical
coordinates for one winding

this condition. To effectuate the CWTHA concept, a substantial A - Io [T g exp—jkR J 6
number of turns must be used; thus, the toroid diameter will be T Ax i "R R ¢ ®6)
small in wavelengths. Winding length is approximately o Io [~ " exp —jkR p ;
0= 4r _'QHOT ¢ (7)
N 2 T ) _x .
£~ 2raq[1+ <—> Q) Io [T exp —jkR
a/b Ay = o ﬂ-%OT de. (8)

where the toroid radius ig, the turn radius i$, and XV is the

number of turns. Note that this problem is unusual in that all three components are

Itis the purpose of this paper to derive exact vector potentiaﬂgede.d to getlthe exact fields. The con_stant vglue of curré(m.t IS
for the CWTHA and to make far-field approximations for théade is the distance from the integration point to the far-field
. . i tz Yo, 20-
dipole mode and loop mode fields. poInt o, %, . . )
Although the paper will show that the CWTHA is a very poor Dot products relate the integration vector to the far-field
antenna, presentation of a detailed negative result is importé{ﬁ?tor [4]
due to the wide publicity engendered about the CWTHA and ag - a, = sinfysin 6 cos(¢p — o) + cosfycosf  (9)

cos Op sin € cos(¢p — ¢o) — sinfpsind  (10)
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\"'_ = A /

y
Fig. 1. Contrawound Toroidal Helix Antenna (on foam core).
_ . I g ™
g0 - Ay = cos Bsin(¢ — o) (14) Ago = %RJI{RO / [(a + bC,,) cos(¢ — o)
ag - qu = —sin 90 sin(d) - ¢0) (15) 4 0 -7 )
190 - a5 = — cos By sin(¢ — ¢o) (16) — NbS,, sin(¢p — ¢o)]exp jEAde 27)
g0 * Gy = cos(¢p — o). (17) where

Equation (6) is expanded by use of (9), (12), and (15) with (5). A = (a + bC,,) sin 6y cos(¢ — ¢o) + bS), cos fp. (28)
Similarly (7) uses (10), (13), and (16) with (5); (8) uses (11),
(14), and (17) with (5). From (2), can be written in terms gf  Note that the derivatives in (23) and (24) prodii€e,, so that

tan @ = (a+ bCy)/bS,. (18) Ey ~120rkAg and E, ~ 120nkA,. (29)

Trig functions and derivatives needed in (9) through (17) ate. has not been calculated, &% (# = 90) is of most interest.
simply For these small antennas, the loop field reduces to the text-

) book result

sin@ = (a+ bC,)/r, cos@ =0bS,/r (29) S0nhal LR

dr __ NabS, 20) By~ 2 Og‘p —IE g (kasin6) (30)

do r 0

dd  Nb(aC, +b) and this reduces further

307k?a®Isinf exp —jkRy
qu ~ RO .

Finally the distance is (31)
R? = R2 + a® + b* + 2abC,, — 2Ro[(a + bC,,)
sin By cos(¢ — ¢o) + bS,, cos Go). (22) [ll. DOUBLE WINDING

When the counter winding is added,cosé and df/d¢
change sign. With the 18Cexcitation of this winding, several

R~ Ry — (a+ bC,)sin b cos(¢ — ¢o) — bS, cosby. (23) ErMSs in the vector potential integrals canceIAﬁ., only the
NbC,, cos by term remains. IMgg, only the NbC,, sin 6 term

For the phase, the far-field approximation gives

In the denominatork = R, as usual. remains. Both terms imlyo cancel, leaving zero as expected.
Electric field is found from the vector potential All remaining terms are doubled.
E = —jn/kcurlcurl A (24) IV. NUMERICAL EVALUATION
wheren ~ 120x. This formulation (Lorentz) avoids the scalar Neither of the vector potential integrals can be integrated in
potential [5]. closed form. Evaluation was performed via double precision
The far-field vector potential integrals now become complex numerical integration. A 128 point Gaussian and a 300
I exp—ikRa [T point Simpson gave the same results to at least six significant
Ap = % / [NDS,, sin 6 cos(d — o) figures.
o —7 _ _ An approximate formula is obtained from [5]; fé§ = 90°,
— NbC, cos by — (a + bCy, ) sin b sin(¢ — ¢o)] the E, expression (5) of that paper can be summed exactly, with
x exp jkAdo (25) the result
—Igexp—jkRy [T .
Aag =~ / [NbC,, sin 6y + NbS,, cos o Ey ~ 151 IoNkak52/ Ro. (32)
x cos(p — ¢o) + (a+ bC,,) cos fp sin(p — ¢o)] In azimuth the pattern is constant (omnidirectional), even for

x exp jkAdo (26) small N. Table | shows results computed from egs. (26) and
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(29), and from the ring-bar result eq. (32). Agreement is excel- TABLE |
lent. This validates thé&, vector potential results. EXACT AND RING-BAR £y
Table Il gives the ratio ofy /£, for several CWTHA cases. N
This field ratio is very closely B e ! Rexact R n[r:j_bar
E0 Nk.QbQ .01 .001 10 +1168E-2 .1169E-2
—_— (31) o2 .001 10 .2333E-2 .2338E-2
Eqb 2ha .01 .002 10 .4673E-2 .4676E-2
.01 .001 20 +2337E-2 .2338E-2

An obvious question is what parameters give the higligst
value. Using the constraint of maximum winding length equal
A/4, the field is maximized whehb is maximized. This occurs
for a/b = 2. Nextka is maximized, which occurs for smal. TABLE I
However this yields maximum dipole field for a given current, DiPOLE/LOOP FIELD RATIO
but since the radiation resistance increase¥ asa small value
of N is a poor choice.

The Ey / E,, field ratio behaves differently. Agaikh is max-
imized; next the number of turns is selected large, as increasi *°
ka also increases the loop field. Because the objective is -°2 -o01 10 197872 7561 dB
cancel the loop mode field, this ratio is less important than tr -°* -002 to -123E74 “38.2 a8
value of E, alone. -01 -001 20

For the contrawound toroidal helix, wherg, has only a
single term in the vector potential, the numerically integrated
results are exactly twice those of Table I. Because the second VI. DIRECTIVITY AND BANDWIDTH

winding doubles theky, component, theks/E,, ratios of  The CWTHA, both single winding and dual winding, have the
Table Il are doubled, o#-6 dB added. However the ratios aregjrectivity of an electrically small antenna: 1.5. Gain, as defined
still small: —32 to —50 dB. by IEEE, includes efficiency and efficiency is typically low. Ra-
diation resistance for a single winding (loop field) is essentially
that of a single turn loop so that efficiencies are generally in
the range of 40 to 80%, depending on the wire diameter. The

A measurement program utilizing several facilities is nearWTHA radiation resistances tend to be in the milliohm to mi-
complete and will be reported in a subsequent paper along wati®ohm range so that efficiencies, hence gains, are very small.
detailed moment method results. Both measurements and simfhe CWTHA is basically an inductive winding, with reac-
ulation have proven difficult due to the very small values of rdances of the order of several hundred ohms. Because the total
diation resistance. Almost all measured data of which the a@ntenna resistance tends to be well below one ohnQtteands
thors are aware are contaminated by feed cable radiation &de large, and the bandwidth much less than one percent. It
by chamber/range background levels. As mentioned earlier, th@s stated by the inventor (Dr. Corum) that this was a narrow-
toroid diameter is small in wavelengths. For example, with kand antenna.
toroid/turn diameter ratio of 5 and 10 turns, the toroid diameter Only a few patterns have been calculated as they proved to be
in wavelengths must be no larger th@86\. The loop field ra- as expected, those for an electrically short dipole (in elevation).
diation resistance is of the order of 30 milliohms so the loofizimuth patterns are closely circular.
efficiency is not high. Further, the large VSWR occurring when
reactance matched to 50 ohms results in a significant matching VII. CONCLUSION
circuit loss. If the antenna is not matched, the mismatch loss o ) ]
is of the order of 40 dB. This is relevant as the measured dipole! N& omnidirectional CWTHA is a very poor radiator of
field must be compared with another measured field and the logipole fields, as shown by the exact vector potential analysis.
field is convenient. Absolute gain measurement appears imp8&&Sults are in excellent agreement with a previous ring-bar
sible due to microohm radiation resistance for the CWTHA. &PProximate analysis.

Low as the unmatched loop field gain is, the CWTHA gain is
much lower. For the example above, the dipole field radiation re- REFERENCES
sistance is roughly 16 microohms and the unmatched n']ismatd[]l] J. F. Corum, “Toroidal Antenna,” U.S. Patent Number 4 622 558, Nov.
loss is roughly 75 dB; values very difficult to measure. 11, 1986.

In moment method simulation, representing each turn by[?l 75_1'5;'E'ejcfjf:emff”fggss”ucmfe and Method,” U.S. Patent Number 4
twelve linear segments gives results close to circular values[3] T.S. M. Maclean and F. Rahman, “Small toroidal antennBtettron.
Again, for the example above, with turn diameter0af072X, Lett., vol. 14, pp. 339-340, May 25, 1978.
segment lengths are roughly.002\. Some popular codes [4] C. A. Balanis,Advanced Engineering ElectromagneticNew York:

.S . . . Wiley, 1989. App. II-12.
produce significant errors in calculating impedance of such[5] W. L. Stutzman and G. A. ThieleAntenna Theory and Design.
short skew segments. York: Wiley, 1998. Section 1.5.

a/k b/A N E/E, E,/E,

1 .001 10 -313E-2 -50.1 dB

.625E-2 -44.1 dB

V. MEASUREMENTS

New
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